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Abstract: The photo-induced optical density of  Brilliant oil scarlet /BPMMA thin films has
been investigated using the pump-probe method. The results showed the dynamic evolution
of the optical density where it increased rapidly in an exponential fashion, a photostationary
state was reached and the relaxation phase decreased exponentially in a slow manner.
Existence of the Angular Hole Burning (AHB) and the Angular Redistribution (AR) effects in
the Brilliant oil scarlet Bmolecules in the PMMA polymeric host was proved. Finally, the
results showed the behavior of the optical density as a function of the pump beam intensity of
the Brilliant oil scarlet B/PMMA sample and the predominance of the photostationary state.
Keywords: Photo-Induced, Optical Density, Photoisomerization, Angular Hole Burning
(AHB), Angular Redistribution (AR), Brilliant oil scarlet B.

1. Introduction

The photoinduced optical density (POD) in polymer/organic dye systems has been the subject of
intensive investigations in the recent years. Materials with POD properties are very promising for use in many
photonic applications [1-2], such as production of optical elements for polarization holographic [3-5],
fabricating high quality aligning substrates[6-7] and molecular strain sensors for polymer films [8-11], etc.

Research has centered on the potential applications of the polymers doped with azobenzene-based dyes
[12].The studies performed on dichroic-dyes dispersed in polymer matrix predicted that it is a useful technique
to enhance the optical response of the devices[13].The formation of such highly dichroic polarizing films may
be used for the fabrication of anisotropic non-linear optical devices [14-17]. The assembly of organic molecules
into polymeric thin films has potential applications for miniaturized optoelectronic devices [18-19].

The presence of azo groups in Brilliant oil scarlet Band their symmetry suggest the possibility of
isomerization. Due to the highly anisotropic nature of azobenzenes, polarized light activates the
photoisomerization in a selective manner [20].The photoisomerization induced in the azo-polymer leads to
conformational changes in the polymer chains, which, in turn, leads to macroscopic variations in the chemical
and physical properties of their surroundings and media. Incident light on an organic dye containing polymer
induces an important property; photochemical trans →cis →trans isomerization [21].In Brilliant oil scarlet B/
PMMA thin film, photoisomerization activity is induced constantly and rapidly by polarized light through the
excitation of the Brilliant oil scarlet Bdye molecules. This process results in a series of motions leading to
optical density. Such phenomenon could be exploited in photonic applications [22].
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To the best of our knowledge, the photoinduced optical density in PMMA/ Brilliant oil scarlet Bthin
films has never been studied separately and in depth. In this paper we describe our investigation of the dynamic
behavior of the photoinduced optical density of Brilliant oil scarlet Bazoaromatic structure incorporated into a
poly(methyl methacrylate) (PMMA) polymeric matrix.

2. Experimental

Brilliant oil scarlet Bazobenzene dye incorporated into a PMMA matrix as a guest-host system was
prepared. 8gr of PMMA (MW: 36000, from Acros Organics) was dissolved in 80ml of tetrahydrofurane (THF,
C4H8O, 95.5%, from Merck) and Ethanol(CH3CH2OH, 95.5%, from  Merck). Brilliant oil scarlet B(95% dye
content, from Aldrich),equivalent to 3 % of PMMA by weight was added to the clear dissolved solution of
PMMA. The mixture was stirred for 12 hours at room temperature until the chromophore molecules were fully
dissolved. Thin films were dip-coated on transparent glass substrates. The Samples were baked in an oven and
held at 70 oC for 4 hours in order to eliminate the residual solvent. Film thicknesses were measured by a Prism
Coupling technique, and were of the order of 1μm. Finally, samples were kept in a desiccator at 22 oC in a dark
environment for later investigation.

A UV-visible spectrophotometer (Photodiode Array Photospectrometer (PDA) Specord S100, from
Analytik Jena) was used to record absorption spectra of Brilliant oil scarlet B/PMMA thin film samples.

Figure 1.UV-Visible absorption spectrum of Brilliant oil scarlet B/PMMA samples.

Figure 1 shows the UV-Vis absorbance of the thin films; where the absorption maximum of Brilliant oil
scarlet Bin PMMA prepared samples was at 484 nm.The photoinducedoptical density was measured via an
experimental set up shown in Fig. 2. An Ar+ laser (543-MAP-A02, from MellesGriot) with 488 nm wavelength
was used to pump the samples. The probe beam passing through the sample was incident on a photosensor and
fed to a personal computer through a low noise current preamplifier (SR570, from Stanford Research Systems),
and a DSP lock-in amplifier (SR850, from Stanford Research Systems). An IEEE 488.2 GPIB (from National
Instruments) card was used to control and record the experimental data along with a special program written in
Borland C++.
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Figure 2.The experimental setup: P: polarizer, ND: neutral density filter, B/S: beam splitter, / 2l  half-
wave plate, and PD: photodiode.

The photoinduced optical density of Brilliant oil scarlet B/PMMAthin film was calculated from the
recorded spectra as[22]
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Where OD║ and OD┴ are the optical densities parallel and perpendicular to the electric vector of the pump,
respectively. They were calculated using [23]
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 and T^   are the transmitted beam intensities in the parallel and perpendicular states with respect to the
electric vector of the pump, respectively. They are given by [24]
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Where 0I  is the intensity of the probe beam when there is no sample. I� and I ^
are the intensities of the probe

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

3. Results and Discussion

The photoinduced optical density in Brilliant oil scarlet B/PMMA thin film is plotted in Fig. 3. This
figure depicts the dynamic evolution of the optical density in the sample.

This figure showed that optical density increased rapidly in an exponential fashion in the first seconds
of pumping, so that a photostationary state was reached as a result of the photoisomerization process cycles.
The optical density relaxation phase decreased exponentially in a slow manner, which means that the optical
density did not disappear instantaneously when the irradiation was switched off.

The fast increasing of the optical density in the first stage means that most trans molecules has drifted
to the cis state[25] which is an evidence of the angular hole burning (AHB) predominance.

The angular redistribution (AR) effect accumulates trans molecules perpendicular to the pump
polarization direction [26]. Reaching saturation reveals the balance between the AHB and AR effects. The
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exponential decrease in optical density after cutting-off the pump indicates the sudden collapse in cis population
in the first seconds as well as the collapse of the photoinduced polar order.

Figure 3. The photoinduced optical density in Brilliant oil scarlet B/ PMMA thin films at pump
intensities (0.04), (0.075), (0.14), (0.582), (1.1) and (2.05) mW respectively.

The optical densities growth and relaxation spectrum curve (Fig. 3) reveals that the photoinduced
optical densities was stable for the guest-host Brilliant oil scarlet B/PMMA thin films at the photostationary
state. Furthermore, the transmitted light intensity did not decay completely to the original level after cutting off
the pump beam. It is a proof of a strong AR and a very slow angular diffusion in trans.

Figure 4depicts the relation between the optical density and the pump beam intensity of the Brilliant oil
scarlet B/PMMAsample. This figure showsthe optical density in both; average and stationary states. Both lines
increased, reached a maximum and then decreased slowly. This behavior indicates the evolution stages of the
photoisomerization process during irradiation of the sample and after cutting off the pump beam. We can
deduce from figure 4 that the stationary state is a predominant state since it is greater than that of the average
one.

Figure 4.The optical density as a function of the pump beam intensity in the Brilliant oil scarlet B/PMMA
samples

The behavior of the optical density of the samples is another evidence of the dynamic evolution of the
photoisomerization processes.
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4. Conclusions

The predominance of AHB, in the first 1000 seconds, and the emergence of AR in the following
minutes are particularly clear with Brilliant oil scarlet B/PMMA thin film illuminated with polarized laser light.

The photoinduced optical density of Brilliant oil scarlet B/PMMA thin film is shown to be the result of
the competition of the angular hole burning (AHB) by polarized light, and the angular redistribution (AR)
during the photoisomerization processes.

The optical density vs the pump beam intensity of the Brilliant oil scarlet B/PMMA sample increased,
reached the maximum and decreased.

The illustrated results prove the potential usefulness of the Brilliant oil scarlet B/PMMA thin films in
optoelectronic and photonics applications.

5. Acknowledgments

This work was funded by Damascus University  and the authors would like to express their thanks and
gratitude to the Damascus University for the financial and academic support.

References

1. Sekkat  Z.,  Prêtre  P.,  Knoesen  A.,  Volksen  W.,  Lee  V.Y.,  Miller  R.D.,  Wood  J.
and Knoll W., Correlation between polymer architecture and sub-glass-transition-temperature light-
induced molecular movement in azo-polyimide polymers: influence on linear and second- and third-
order nonlinear optical processes. J. Opt. Soc. Am. B.,1998, 15, 401-413.

2. Marino I.G., Raschell R., Lottici P.P., Bersani D., Razzetti C., Lorenzi A. and Montenero A.,
Photoinduced effects in hybrid sol-gel materials. J. Sol-Gel Sci. Technol.,2006, 37, 201-206.

3. Choi D. H., Cha Y. K., Optical Anisotropy of Polyimide and Polymethacrylate Containing
Photocrosslinkable Chalcone Group in the Side Chain under Irradiation of a Linearly Polarized UV
Light., Bull. Korean Chem. Soc.,2002, 23 (3), 469-476.

4. Emoto A, Uchida E. andFukuda T.,Optical and Physical Applications of Photocontrollable Materials:
Azobenzene-Containing and Liquid Crystalline Polymers. Macromolecules.,2012, 4, 150-186.

5. Shim T., Kim S. and Kim D., Oh-e, M. Fluorescence enhancement of dye-doped liquid crystal by dye-
induced alignment effect., J. Appl. Phys.,2011, 110, 063532 (1-5).

6. Chigrinov V.G.,Photoaligning and Photopatterning - A New Challenge in Liquid Crystal Photonics.,
Crystals.,2013, 3, 149-162.

7. Chigrinov V.G., Kozenkov V.M.,and Kwok H.-S., Photoalignment of Liquid Crystalline Materials:
Physics and Applications; John Wiley & Sons Ltd., The Atrium,, Southern Gate., Chichester., 2008, p.
219.

8. Piqué A., Auyeung R.C.Y., Stepnowski J.L., Weir D.W., Arnold C.B., McGill, R.A.and Chrisey D.B.,
Laser processing of polymer thin films for chemical sensor applications.,Surf. Coating Tech.,2003, 163
–164, 293-299.

9. Toshchevikov V.P., Saphiannikova M. and Heinrich G., Theory of light-induced deformation of
azobenzene elastomers: Influence of network structure., J. Chem. Phys.,2012, 137, 024903 (1-13).

10. Bauer S., Poled polymers for sensors and photonic applications.,J. Appl. Phys.,1996, 80 (10), 5531-
5558.

11. Pucci A., Bertoldo M.and Bronco S., Luminescent Bis(benzoxazolyl)stilbene as a Molecular Probe for
Poly(propylene) Film Deformation.,Macromol. Rapid. Commun.,2005, 26, 1043-1048.

12. Cojocariu C. and Rochon P., Light-induced motions in azobenzene containing polymers., Pure Appl.
Chem., 2004, V. 76, No. 7–8, 1479–1497.

13. Ahmad F., Jamil M., Jae Jeon Y., Jin Woo L., Eun Jung J. and Eun Jang J., Investigation of nonionic
diazo dye-doped polymer dispersed liquid crystal film., Bull. Mater. Sci., 2012, V. 35, No. 2, 221–231

14. Russo  M.,  Rigby  S.E.J.,  Caseri  W.and  Stingelin  N.,  Versatile  Chromism  of  Titanium  Oxide
Hydrate/Poly(vinyl alcohol) Hybrid Systems. Adv. Mater.,2012, 24, 3015–3019.



Yousef T. Salman et al /Int.J. ChemTech Res. 2015,8(12),pp 530-535. 535

15. Weder C., Sarwa C., Montali A., Bastiaansen C. and Smith P., Incorporation of Photoluminescent
Polarizers into Liquid Crystal Displays., Science.,1998, 279, 835-837.

16. Montali A., Bastiaansen C., Smith P. and Weder C., Polarizing energy transfer in photoluminescent
materials for display applications., Nature,1998, 392, 261-264.

17. Markowicz  P.P.,  Samoc  M.,  Cerne  J.,  Prasad  P.N.,  Pucci  A.  and  Ruggeri  G.,  Modified  Z-scan
techniques for investigations of nonlinear chiroptical effects., Opt Express., 2004, 12, 5209-5214.

18. Pokrzywnicka M., Cocovi-Solberg D.J., Miró M., Cerdà V., Koncki R. and Tymecki Ł.,  Miniaturized
optical chemosensor for flow-based assays.,Anal Bioanal Chem.,2011, 399, 1381-1387.

19. Charas A. and Morgado J., Oxetane-functionalized conjugated polymers in organic (opto)electronic
devices., Curr. Phys. Chem.,2012, 2, 241-246.

20. Cojocariu C. and Rochon P., Light-induced motions in azobenzene containing polymers., Pure Appl.
Chem., 2004, V. 76, No. 7–8, 1479–1497.

21. Cojocariu C. and Rochon P., Light-induced motions in azobenzene-containing polymers., Pure Appl.
Chem.,2004, 76 (7–8), 1479-1497.

22. Abbas B., Salman Y.T., andS. El-DaherM.,Photoinduced Anisotropy in Poly(Methyl
Methacrylate)/Sudan Red III Thin Films., Journal of Macromolecular Science, Part B., Physics., 2015,
54: 306–315.

23. Fischer  M.,  El-Osman  A.,  Blanche  P.-A.,  and  Dumont  M.,  Photoinduce  dichroism  as  a  tool  for
understanding orientational mobility of photoisomerizable dyes in amorphous matrices., Synthetic
Met.,2000, 115, 139-144.

24. Wang Y. and Wang C.H., Growth mechanism of second harmonic generation of optically poled
disperse red 1/polymer films., J. Appl. Phys.,2005,98, 103526 (1-5).

25. Mendonca C.R., Misoguti L., Andrade A.A., Yamaki S.B., Dias V.D., Atvars T.D.Z. and Oliveira Jr.,
O.N. Photoinduced birefringence in di-azo compounds in polystyrene and poly(methyl methacrylate)
guest–host systems., Opt. Mater.,2007, 30 (2), 216-221.

26. Liu S., Wang W.L., Fang C.C., Huang T.-H. and Hsu C.C., Photoreactive phase conjugation strength in
disperse red 1 doped poly(methylmethacrylate) thin films., J. Appl. Phys.,2005, 97, 013103 (1-10).

*****


