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Graphical Abstract

CTAB Micelle:
=H;0 Hydrophobic Cavity

Highlights

Photodissociation kinetics of selective C=C bond in BBM is investigated in different
micelle concentration.

It is clear that ionic environment (in presence of KCI) does play important role on
photodissociation kinetics but micelle concentration plays significant role on
photodissociation kinetics.

In micelle, hydrophobic region plays important role on enhancing rate of photodissociation.
It can be stated that rate of photodissociation in hydrophobic environment (Specially CMC

condition) is higher compared to polar protic and aprotic solvents.



Abstract: In present work, photodissociation kinetics of selective C=C bond in BBM is

investigated in different micelles concentration. In polar solvents, rate of photodissociation (k) is
relatively lower compared to H>O solvent under similar condition. The rate of photodissociation
(k) is enhanced with increase of aqueous CTAB concentration and found to be highly sensitive to
aqueous CTAB concentration. It is clear that micelle concentration and hydrophaobic region plays
significant role on enhancing rate of photodissociation. Crucial role of hydrophobic region in

micelle has been discussed and confirmed by experimental results.

KEYWORDS: Photodissociation; Micelle; Cetyl Trimethyl Ammonium Bromide (CTAB); Critical

Micelle Concentration (CMC); Solute-Solvent Interaction.

Introduction

Photochemistry of organic molecules has been studied extensively as model system for
understanding fundamental and elementary physicochemical process in solution and biological
system.[1-3] The n-conjugated organic molecules have been intensively developed as an
attractive platform for the design and fabrication of a wide range of nano- and microstructures
for use in organic optoelectronics.[4] Photoinduced cis-trans isomerization of C=C bond is
widely observed by external light stimulus and is responsible for various photochemical process
like vision process, phototaxis, control of germination, and photoinduced ion pumping.[5-6]
Popular trans-stilbene organic molecule shows interesting photo-induced cis-trans isomerization

about a C=C bond.[7-8] The structural dynamics and solvent-induced photoisomerization of



trans-stilbene have been investigated to understand fundamental mechanism of cis-trans
photoisomerization.[9-11] Previously, it was reported that photoionization of trans-stilbene
occurs in solution via radical cation.[12-13] The ionization mechanism still remains controversial
with an intriguing fact that the rise of the radical cation shows a marked delay from the
photoexcitation.[7] Two most popular photoisomerization mechanisms of stilbene analogues in
solution have been reported: a). One bond twist (OBT) mechanism, [14-16] b) Hula-twist (HT)
mechanism. [17-19]

Photoisomerization may occur simply a homolytic or a heterolytic breaking of the C=C bond in
solution.[8] Partially double bond character of C=C bond is observed by resonance and facilitates
the interconversion. Exciplex-induced isomerization plays a key role in highly efficient
photoisomerization of stilbene-cored dendrimer.[20-21] Eyring et al. had proposed two
alternatives: isomerization either through the formation of a biradical (on a triplet surface) or in
the ground state (So) by rotation about the C=C bond.[22] Buechele et al. suggested the
formation of a transient intermediate through tautomerization during trans-cis isomerization for
conjugated dienes.[23]

Recently, effect of substituents and solvent on photochemistry of stilbene analogues has been
widely investigated for understanding the mechanism of photoisomerization process.[23-27]
Stilbene and azobenzene analogues represent mostly studied cases of photoisomerization by both
experimentally and theoretically.[28-31] Role of ground and excited state of molecule during
photochemical process has been investigated widely by theoretical studies.[32-35] The state,
geometry dependent and the shape of the Si(n*) potential energy curve (PEC) along the C=C
torsion are important for better understanding the photoisomerization process of stilbene

analogues. [36] Photocleavage of stilbene is observed in presence of oxygen. [37] Mechanistic



studies and photodegradation of 2,5-dialkyloxyl-substituted para-phenylenevinylene oligomers
by singlet oxygen is also reported. [38]

From computational and experimental evidences, evolution of a charge transfer state populated
directly upon photoexcitation and non-radiative deactivation to the ground state are affected by
the polarity of the solvents, play important role on photoisomerization and photochemistry. [39-
40]

It is reported that the cyano-substituted group has been found to open a non-radiative decay
mechanism related to the isomerization of the double bond via a crossing (conical intersection)
of electronic states with distinct nature via the conical intersect (CI). [40] Recently, our group
has reported the photodissociation kinetic of bis-2-benzylidenemalononitrile (BBM) in solutions
and role of cyano group and solvents. [41] Further, role of solvents and photodissociation of
C=C bond in bis-2-benzylidenemalononitrile (BBM) are not clearly understood.

In present work, we have investigated photochemistry and photodissociation of C=C bond in
photoactive bis-2-benzylidenemalononitrile molecules (BBM, Chart 1). Solvent and environment
dependency of photodissociation have been investigated throughout work. Interesting

observations are obtained from our present work.

Experimental Section

UV-Vis Spectroscopy

Electronic absorption spectrum is measured on Varian-UV-Visible spectrophotometer (Carry-
100-Bio) in various solvents and different agueous CTAB solution. A 1 cm quartz sample cell at
the rate of 0.5 °C/min during the heating and cooling scans using Cary 100-Bio UV-Vis
spectrophotometer (Varian Carry-100-Bio) equipped with a Peltier series 11 thermostatic cell

holder.



Synthesis of Bis-2-benzylidenemalononitrile (BBM)

Synthetic procedure of BBM was reported in our previously work. [42] In brief, a mixture of
terephthaldehyde (1.0 mmol), manolonitrile (2.01 mmol) and MP(DNP) (0.05 mmol) in round
bottom flask containing ethanol was stirred at room temperature for appropriate time. After
completion of the reaction, which was monitored by TLC, the solid product was collected by
filtration, washed with water and ethanol for obtaining pure product.

Characterization of BBM: State: Solid; Colour: White; Melting Point: 205 °C; FTIR (KBr, cm”
1): 2938, 2228, 1556, 1565, 1494; 'H-NMR (300MHz, CDCls): & (ppm) 8.04 (d, J = 7.0 Hz, 4H),
7.81 (s, 2H); 3C-NMR (125 MHz, CDCls): & (ppm) 160.3, 135.8, 131.3, 114.3, 113.2, 85.2;
ESIMASS: [M+H] 231.2.

Sample Preparation

Time dependent UV-Vis spectra of BBM is measured under UV irradiation at 365 nm for 1
minute before and after during UV-Vis measurement in solvents. Commercially available 4-watt
power of UV lamp @ 365 nm is exposed for 1 minute on the sample. The concentration of BBM
is ~10°(M) in solvents during experiment.

CN N !
NC S CN

Bis-2-benzylidenemalononitrile (BBM)
Chart 1: Structural Formula and Abbreviation

Results and discussion



Photodissociation kinetics of selective C=C bond in BBM is investigated in different micelle
concentration at room temperature. Influence of hydrophobic and hydrophilic factors on rate of
photodissociation (k) has also investigated.

Time Dependent UV-Visible Studies at Different AqQueous CTAB Micelles Concentration.

Time dependent UV-Vis study of BBM is carried out in different solvents for understanding the
effect of solvents on photodissociation via solute-solvent interaction. In polar aprotic solvents,
UV-Vis spectra of BBM is not changed under UV irradiation for 1 minute during time dependent
UV-Vis studies but significant spectral variation is observed in polar protic solvents under same
condition (ESI- Figure 1). So, photodissociation process is occurred during time dependent UV-
Vis spectral measurement in protic polar solvents.

Interestingly, time dependent UV-Vis spectra and its spectral pattern in H2O are different from
other polar protic solvents and indicates special solute-H>O interaction during photodissociation
process. In time dependent UV-Vis spectra in H2O, two isosbestic points are observed at 598 nm
and 283 nm respectively during photodissociation reaction under UV irradiation (ESI-Figure 2).
The kinetic of this photodissociation reaction is fitted with pseudo 1% order kinetic model. The 1%
order kinetic model for photochemical process is considered and rate constant (k) is found to
~107 st in different protic solvents and binary solvent at 25 °C. The pseudo 1% order rate
constant (k) is calculated monitoring at 403 nm with time in H20 and found to be 2.4x1073s™.
Similarly, pseudo 1%t order rate constant (k) is calculated monitoring at 348 nm with time in
binary solvent (ACN-H;0) and found to be 6.2x10**s™ (ESI-Figure 3). Further, different
alcoholic solvents, the rate constant (k) was also significantly different and found to be 4.4x10s"

! for EtOH and 1.2x10*s™ for 2-Pro-OH respectively.[41]



Generally, critical micelle concentration (CMC) of CTAB in H20 is found to be 0.9 mM at room
temperature. So, above 0.9 mM of aqueous CTAB solution, different micelle concentration of
aqueous CTAB solution is formed. To investigate the rate of photodissociation under UV
irradiation, time dependent UV-Vis study is carried out in different aqueous CTAB solution at
room temperature. From time dependent UV-Vis spectra in 2.5 mM aqueous CTAB solution, one
isosbestic point is observed at 304 nm during photodissociation reaction under UV irradiation
(Figure 1). In UV-Vis spectra, longer wavelength region is not affected significantly (500-900
nm). The kinetic of this photodissociation reaction in 2.5 mM aqueous CTAB solution is fitted

with pseudo 1% order kinetic model and rate constant (k) is found to be 1.1x10 st at 25 °C.
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Figure 1. Time dependent UV-Vis spectra of BBM in 2.5 mM aqueous CTAB solution (External

UV lIrradiation at 365 nm for 1 minute during UV-Vis measurement)

Similarly, one isosbestic point is observed at 295 nm during photodissociation reaction under UV
irradiation in 5 mM aqueous CTAB solution from time dependent UV-Vis spectra (Figure 2). In

UV-Vis spectra, longer wavelength region is affected significantly (350-900 nm). The kinetic of



this photodissociation reaction in 2.5 mM aqueous CTAB solution is fitted with pseudo 1 order

kinetic model and rate constant (k) is found to be 2.1x1073 s,
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Figure 2. Time dependent UV-Vis spectra of BBM in 5 mM aqueous CTAB solution (External

UV lrradiation at 365 nm for 1 minute during UV-Vis measurement)

Further, one isosbestic point at 295 nm is observed under UV irradiation in 10 mM aqueous

CTAB solution from time dependent UV-Vis spectra (Figure 3). In UV-Vis spectra, longer

wavelength region is disappeared (350-900 nm) with time and affected significantly. The kinetic

of this photodissociation reaction in 10 mM aqueous CTAB solution is fitted with pseudo 1%

order kinetic model and rate constant (k) is found to be 5.6x102 s, With increase of aqueous

CTAB concentration, value of specific rate constant (k) increases two-fold when concentration

of aqueous CTAB solution is doubled.
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Figure 3. Time dependent UV-Vis spectra of BBM in 10 mM aqueous CTAB solution (External

UV lIrradiation at 365 nm for 1 minute during UV-Vis measurement)

In 50 mM aqueous CTAB solution, four isosbestic points are observed at 405, 348, 277 and 240
nm respectively under UV irradiation from time dependent UV-Vis spectra (Figure 4). In UV-
Vis spectra, longer wavelength region is disappeared (350-900 nm) with time. The kinetic of this
photodissociation reaction in 50 mM aqueous CTAB solution is fitted with pseudo 1% order

kinetic model and rate constant (k) is found to be 10x1073 s,
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Figure 4. Time dependent UV-Vis spectra of BBM in 50 mM aqueous CTAB solution (External

UV Irradiation at 365 nm for 1 minute during UV-Vis measurement)

The variation of rate constant (k) is plotted with different concentered aqueous CTAB solution in

Figure 5 and presented in Table 1. Interesting factor is that the rate constant (k) is not further

enhanced with increase of CTAB concentration up to 100 mM solution.

Table 1: Calculated rate constant (k) in different CTAB micelle concentration at 25 °C

2.5 mM 5 mM 10 mM 50 mM 100 mM 2.5 mM
@ CTAB | @ CTAB @ CTAB @ CTAB | @ CTAB @ KClI
k(s 1.1x10° 2.1x107 5.6x107 10x107 10x107 2.2x10°
@ 403 nm | @ 403 nm @315nm | @315nm | @315 nm @ 403 nm
o 0.99 0.99 0.99 0.99 0.99 0.99

Change of rate constant (k) with variation aqueous CTAB concentration has been analyzed using

curve fitting method. We have fitted the experimental results with exponential growth profile and

found that the increasing rate of rate constant (k) with variation of aqueous CTAB concentration

is 0.09 with 2 =0.98 (Figure 5). The specific rate constant (k) of photodissociation is observed




maxima at 25 mM CTAB solution. The rate constant (k) is increased at different concentration of
aqueous CTAB solution and higher compared to solvents at room temperature. But above
concentration of aqueous CTAB (> 50 mM), rate constant (k) is almost constant and found to be

10x1073 st (Figure 5).
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Figure 5: Variation of rate constant (k) with different aqueous CTAB solution

To investigate the effect of ionic strength on photodissociation process, different concentrated
aqueous KCI solution is used. It is observed that concentration of aqueous KCI solution cannot
influence on rate of photodissociation at room temperature (ESI-Figure 4-5).

From above experimental results, it is clear that ionic environment (in presence of aqueous KCI)
does play important role on photodissociation kinetics but different micelle concentration plays
significant role on enhancement of photodissociation kinetics. In micelle, hydrophobic region
plays important role on enhancing rate of photodissociation. Considering above experimental
facts, we have proposed a mechanism of photodissociation process in micelle environment and

presented in Figure 6.
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Figure 6: Mechanism of photodissociation process in micelle environment

In micelle environment, BBM molecules entered to hydrophobic cavity of micelle and reacts
with water photodissociation occurred. Photo-dissociated product is coming out from
hydrophobic cavity. At higher micelle concentration, large number of hydrophobic cavities
would be available and density of BBM molecule in hydrophobic cavity of a micelle would be

higher, results enhancement of photodissociation process.

Conclusion
In conclusion, photodissociation kinetics of selective C=C bond in BBM is investigated in

different micelle concentration. In polar protic and polar aprotic solvents, rate of
photodissociation (k) is significantly lower compared to H>O solvent at room temperature. But
interesting factor is that rate of photodissociation (k) is enhanced with increasing aqueous CTAB
concentration and found to be highly sensitive to aqueous CTAB concentration.

From experimental results, it is clear that ionic environment (in presence of aqueous KCI) does
play important role on photodissociation kinetics but different micelle concentration plays
significant role on photodissociation kinetics. In micelle, hydrophobic region plays important
role on enhancing rate of photodissociation. The rate of photodissociation is highest at 25 mM

aqueous CTAB solution and found to be 10x103s%, which is five-fold higher than H20 (k =



2.0x1073s1) at room temperature. It can be stated that rate of photodissociation in hydrophobic
environment (specially CMC condition) is higher compared to polar protic and aprotic solvents.

ASSOCIATED CONTENT

Supporting Information

This material is available free of charge via the Internet at http://
AUTHOR INFORMATION

Corresponding Author

E-mail: sumitkpanja@gmail.com; sumit.panja@utu.ac.in

Department of Chemistry, Uka Tarsadia University, Maliba Campus, Gopal Vidyanagar,
Bardoli, Mahuva Road, Surat-394350, Gujrat, India

ORCID of SKP: orcid.org/0000-0001-5658-0452

1. Conflict of Interest

No conflict of interest exists.

Fundin

No funding was received for this work.

ACKNOWLEDGMENT
SKP acknowledges Department of Chemistry, Uka Tarsadia University, Surat-394350, Gujrat,

India for providing infrastructure and instrument facilities.

Notes

The authors declare no competing financial interest

References


mailto:sumitkpanja@gmail.com

[1] J. Deng, J. Tang, Y. Xu, L. Liu, Y. Wang, Z. Xie, Y. Ma, Cyano-substituted oligo(p-
phenylene vinylene) single-crystal with balanced hole and electron injection and transport for
ambipolar field-effect transistors. Phys. Chem. Chem. Phys., 17 (2015) 3421- 3425.

[2] Y. Zhang, J. Sun, G. Bian, Y. Chen, M. Ouyang, B. Hua, C. Zhang, Cyanostilben-based
derivatives: mechanical stimuli-responsive luminophors with aggregation-induced emission
enhancement. Photochem. Photobiol. Sci., 11 (2012) 1414-1421.

[3] M. Shimizu, Y. Takeda, M. Higashi, T. Hiyama, 1,4-Bis(alkenyl)-2,5-
dipiperidinobenzenes: minimal fluorophores exhibiting highly efficient emission in the solid
state. Angew. Chem. Int. Ed., 48 (2009) 3653-3656.

[4] B.-K. An, J. Gierschner, S. Y. Park, n-Conjugated Cyanostilbene Derivatives: A Unique
Self-Assembly Motif for Molecular Nanostructures with Enhanced Emission and Transport, Acc.
Chem. Res., 45 (2012) 544-554.

[5] M. A. van der Horst, K. J. Hellingwerf, Photoreceptor Proteins, “Star Actors of Modern

Times”: A Review of the Functional Dynamics in the Structure of Representative Members of
Six Different Photoreceptor Families. Acc. Chem. Res. 37 (2004) 13-20.

[6] T. Sumi, T. Kaburagi, M. Morimoto, K. Une, H. Sotome, S. Ito, H. Miyasaka, M. Irie,
Fluorescent Photochromic Diarylethene That Turns on with Visible Light. Org. Lett., 17 (2015)
4802-4805.

[7] C. Dugave, L. Demange, Cis-Trans Isomerization of Organic Molecules and
Biomolecules: Implications and Applications. Chem. Rev., 103 (2003) 2475-2532.

[8] W. Cai, H. Fan, D. Ding, Y. Zhang, W. Wang, Synthesis of Z-alkenes via visible light
promoted photocatalytic E - Z isomerization under metal-free conditions. Chem. Commun., 53
(2017) 12918-12921.

[9] B. Carlotti, A. Cesaretti, P. L. Gentili, A. Marrocchi, F. Elisei, A. Spalletti, A two excited
state model to explain the peculiar photobehaviour of a flexible quadrupolar D—[J-D anthracene
derivative. Phys. Chem. Chem. Phys., 18 (2016) 23389-23399.

[10] K. Nakazawa, M. Hishida, S. Nagatomo, Y. Yamamura, K. Saito, Photoinduced Bilayer-
to-Nonbilayer Phase Transition of POPE by Photoisomerization of Added Stilbene Molecules.
Langmuir, 32 (2016) 7647-7653.

[11] S. Wang, S. Schatz, M. C. Stuhldreier, H. Bohnke, J. Wiese, C. Schroder, T. Raeker, B.
Hartke, J. K. Keppler, K. Schwarz, F. Renth and F. Temps, Ultrafast dynamics of UV-excited
trans- and cis-ferulic acid in aqueous solutions. Phys. Chem. Chem. Phys., 19 (2017) 30683-
30694.

[12] T. Majima, M. Fukui, A. Ishida, S. Takamuku, Stilbene Radical Anions in the Excited
Doublet State. J. Phys. Chem., 100 (1996) 8913-8919.

[13] K. Iwata, R. Ozawa, H. Hamaguchi, Analysis of the Solvent- and Temperature-
Dependent Raman Spectral Changes of S1 trans-Stilbene and the Mechanism of the trans to cis



Isomerization: Dynamic Polarization Model of Vibrational Dephasing and the CC Double-Bond
Rotation. J. Phys. Chem. A, 106 (2002) 3614-3620.

[14] J. Saltiel, Perdeuteriostilbene. The triplet and singlet paths for stilbene
photoisomerization. J. Am. Chem. Soc., 90 (1968) 6394-6400.

[15] J. Saltiel, M. A. Bremer, S. Laohhasurayotin, T. S. R. Krishna, Photoisomerization of
cis,cis- and cis,trans-1,4-Di-o-tolyl-1,3-butadiene in glassy media at 77 K: one-bond-twist and
bicycle-pedal mechanisms. Angew. Chem. Int. Ed., 47 (2008) 1237 -1240.

[16] J. Saltiel, S. Gupta, Photochemistry of the Stilbenes in Methanol. Trapping the Common
Phantom Singlet State. J. Phys. Chem. A, 122 (2018) 6089-6099

[17] R.S.H.Liu, D. Mead, A. E. Asato, Photochemistry of polyenes. 23. Application of the
H.T.-n mechanism of photoisomerization to the photocycles of bacteriorhodopsin. A model
study. J. Am. Chem. Soc., 107 (1985) 6609-6614.

[18] R.S.H. Liu, G.S. Hammond, The case of medium-dependent dual mechanisms for
photoisomerization: One-bond-flip and Hula-Twist. Proc. Natl. Acad. Sci. USA, 97 (2000)
11153-11158.

[19] C. Redwood, V. K. R. Kumar, S. Hutchinson, F. B. Mallory, C. W. Mallory, R. J. Clark,
O. Dmitrenko, J. Saltiel, Photoisomerization of cis-1,2-di(1-Methyl-2-naphthyl)ethene at 77 K in
Glassy Media. Photochemistry and Photobiology, 91 (2015) 607-615.

[20] J. Hayakawa, A. Momotake, R. Nagahatay, T. Arai, Controlling the Hydrophobic
Properties of Water-soluble Stilbene Dendrimers. Chem. Lett., 32 (2003) 1008-1009.

[21] T. Takizawa,T. Arai, Remote Controlled Intramolecular Exciplex Formation and
Enhanced Photoisomerization in Stilbene-cored Poly(benzyl ether) Dendrimers with
Alkoxycarbonyl Surface Functional Groups. Chem. Lett., 40 (2011) 1124-1126.

[22] J.L.Magee, W. Shand, H. Eyring, Non-adiabatic Reactions. Rotation about the Double
Bond. J. Am. Chem. Soc., 63 (1941) 677-688.

[23] J. L. Buechele, E. Weitz, F. D. Lewis, Laser-induced infrared multiphoton isomerization
reactions of 2,4- and 1,3-hexadienes. J. Phys. Chem., 88 (1984) 868-876.

[24] I. N. loffe, M. Quick, M. T. Quick, A. L. Dobryakov, C. Richter, A. A. Granovsky, F.
Berndt, R. Mahrwald, N. P. Ernsting, S. A. Kovalenko, Tuning Stilbene Photochemistry by
Fluorination: State Reordering Leads to Sudden Polarization near the Franck—Condon Region. J.
Am. Chem. Soc., 139 (2017) 15265-15274.

[25] F. Wang, S. Chatterjee, Dominant Carbons in trans- and cis-Resveratrol Isomerization. J.
Phys. Chem. B, 121 (2017) 4745-4755.

[26] M. Quick, A. L. Dobryakov, I. N. loffe, F. Berndt, R. Mahrwald, N. P. Ernsting, S. A.
Kovalenko, Rotamer-Specific Photoisomerization of Difluorostilbenes from Transient
Absorption and Transient Raman Spectroscopy. J. Phys. Chem. B, 122 (2018) 1049-1059.



[27] S. M Bilal, S. Kayal, K. S Sanju, Y Adithya Lakshmanna, Femtosecond Time-Resolved
Raman Spectroscopy Reveals Structural Evidence for meta Effect in Stilbenols. J. Phys. Chem.
A, 122 (2018) 4601-4608.

[28] J. M. Rodier, A. B. Myers, cis-Stilbene photochemistry: solvent dependence of the initial
dynamics and quantum yields. J. Am. Chem. Soc., 115 (1993) 10791-10795.

[29] A. Cembran, F. Bernardi, M. Garavelli, L. Gagliardi, G. Orlandi, On the Mechanism of
the cis—trans Isomerization in the Lowest Electronic States of Azobenzene: SO, S1, and T1.J.
Am. Chem. Soc., 126 (2004) 3234-3243.

[30] M. Sajadi, A. L. Dobryakov, E. Garbin, N. P. Ernsting, S. A. Kovalenko, Time-resolved
fluorescence spectra of cis-stilbene in hexane and acetonitrile. Chem. Phys. Lett., 489 (2010) 44-
47.

[31] A. L. Dobryakov, M. Quick, D. Lenoir, H. Detert, N. P. Ernsting, S. A. Kovalenko,
Time-resolved photoisomerization of 1,1 - -di-tert-butylstilbene and 1,1 - -dicyanostilbene. Chem.
Phys. Lett., 2016, 652, 225-229.

[32] N. Minezawa, M. S. Gordon, Photoisomerization of Stilbene: A Spin-Flip Density
Functional Theory Approach. J. Phys. Chem. A, 115 (2011) 7901-7911.

[33] I. N. loffe, A. A. Granovsky, Photoisomerization of Stilbene: The Detailed XMCQDPT2
Treatment. J. Chem. Theory Comput., 9 (2013) 4973-4990.

[34] Y. Lei, L. Yu,B. Zhou, C. Zhu, Z. Wen, S. H. Lin, Landscapes of Four-Enantiomer
Conical Intersections for Photoisomerization of Stilbene: CASSCF Calculation. J. Phys. Chem.
A, 118 (2014) 9021-9031.

[35] Y. Harabuchi, R. Yamamoto, S. Maeda, S. Takeuchi, T. Tahara, T. Taketsugu, Ab Initio
Molecular Dynamics Study of the Photoreaction of 1,1'-Dimethylstilbene upon SO — S1
Excitation. J. Phys. Chem. A, 120 (2016) 8804-8812.

[36] G. Tomasello, M. Garavelli, G. Orlandi, Tracking the stilbene photoisomerization in the
S1 state using RASSCF, Phys. Chem. Chem. Phys. 15 (2013) 19763-19773

[37] M. A. Fourati, W. G. Skene, C. G. Bazuin, R. E. Prudhomme, Photophysical and
Electrochemical Investigations of the Fluorescent Probe, 4,4'-Bis(2-benzoxazolyl)stilbene, J.
Phys. Chem. A, 117 (2013) 836-844.

[38] H.D. Burrows, O. Narwark, R. Peetz, E. Thorn-Csanyi, A. P. Monkman, I. Hamblettd, S.
Navaratname, Mechanistic studies on the photodegradation of 2,5-dialkyloxyl-substituted para-
phenylenevinylene oligomers by singlet oxygen, Photochem. Photobiol. Sci., 9 (2010) 942-948.

[39] L. A. Estrada, A. Frances-Monerris, Igor Schapiro, M. Olivucciac, D. Roca-Sanjuan,
Mechanism of excited state deactivation of indanl1-ylidene and fluoren-9-ylidene malononitriles,
Phys. Chem. Chem. Phys. 18 (2016) 32786-32795.



[40] M. A. lzquierdo, J. Shi, S. Oh, S. Y. Park, B. Milian-Medina, J. Gierschner, D. Roca-
Sanjuan, Excited-state non-radiative decay in stilbenoid compounds: an ab initio quantum-
chemistry study on size and substituent effects, Phys. Chem. Chem. Phys. 21 (2019) 22429-
22439.

[41] S. K. Panja, S. Koley, H. Boumediene, Selective photodissociation of highly photoactive
Bis-2-benzylidenemalononitrile in solution, Journal of Photochemistry & Photobiology A:
Chemistry 375 (2019) 18-23.

[42] S. K. Panja, N. Dwivedi, S. Saha, First report of the application of simple molecular
complexes as organo-catalysts for Knoevenagel condensation. RSC Adv., 5 (2015) 65526-65531.



