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SPECTROSCOPIC, PHOTOPHYSICAL INVESTIGATION AND MICELLIZATION
FOR CRITICAL MICELLE CONCENTRATION OF 3-(3,4-DIMETHOXYPHENYL)-1-(2,5-
DIMETHYLFURAN-3-YL)PROP-2-EN-1-ONE DYE™
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3-(3,4-Dimethoxyphenyl)-1-(2,5-dimethylfuran-3-yl)prop-2-en-1-one (DDFP) was prepared by the re-
action of 3-acetyl-2,5-dimethylfuran and 3,4-dimethoxybenzaldehyde. Data obtained from FT-IR, "H-NMR,
BC-NMR, EI-MS, and elemental analysis were consistent with the chemical structure of the newly prepared
DDFP. Electronic absorption and emission spectrum of DDFP have been measured in different solvents;
DDFP dye exhibits red shift in emission spectrum as solvent polarity increases, indicating a large change in
dipole moment of DDFP molecule upon excitation due to intramolecular charge transfer in excited DDFP.
Excited state intermolecular hydrogen bonding affects the energy of emission spectrum and fluorescence
quantum yield of DDFP molecule. DDFP dye undergoes solubilization in different micelles and may be used
as a probe or quencher to determine the critical micelle concentration (CMC) of CTAB and SDS. The pho-
toreactivity and net photochemical quantum yield (¢.) of DDFP are determined in solvents CHCI;, CH,Cl,,
CCl,, and DMSO. The dye is relatively photostable in DMSO and displays photodecomposition in chloro-
methane solvents.

Keywords: chalcone, Stokes shift, oscillator strength, dipole moment, photoreactivity, fluorescence
quantum yield.
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(Illocmynuna 26 oxmsabps 2016)

3-(3,4-Humemoxcugpenun)-1-(2,5-oumemunypan-3-un)npon-2-en-1-ou ([AAPII) noryuen 6 pesyrvma-
me peaxyuu 3-ayemun-2,5-oumemui@ypana u 3,4-oumemoxcubenzanvoecuoa. Jannvie UK-ghypve-cnexkmpo-
cKonuu, 'y AMP, Bco AMP, 21eKkmpouUoHU3AYUOHHOU MACC-CREKIMPOMEMPUY U INEMEHMHO20 AHAIU3A CO-
2NACYIOMCs ¢ XUMUYECKOU cmpyKmypou cunme3supogannozo /DI, Inexmpounvle cnekmpuvl nO210WeHUs. U
usayuenus JJJ{®@II usmepenwvl 6 paznuunvix pacmeopumensx. [na kpacumens DIl xapakmepro KpacHoe
cMewjenue 8 CneKmpe UsydeHusl npu yeeruyenul noJaspHOCIU pACmMEOpUmens, Ymo YKasvléaem Ha 3HAYU-
menvHoe usMeHeHue OunoabHo2o momenma monexynvt JJIDII npu 6036yicoenuu 3a cuem GHYMpUMONEK)-
JAPHO20 neperoca 3apada 8 6030yaicoennom /D1 Bo3byscoeHnoe cocmosanue MeHCMONeKYIAPHBIX 8000-
POOHBIX C6s13ell GUsAem HA IHEPLeMUUECKULl CNeKmp U3Iy4eHus U K8Anmogulii 8bix00 (ryopecyenyuu moe-

™ Full text is published in JAS V. 84, No. 4 (http://springer.com/10812) and in electronic version of ZhPS V. 84, No. 4
(http://www .elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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xynot JJADIL. Kpacumenv JJJ[PII 6 paznuunslx Muyeinax noosepeaemcs comoouIu3ayuy u moxcem ovims
UCNOIL308AH 8 KAYecmee 30H0A Uy myuumens 01 OnpedeieHus KpUmuieckol KOHYeHmpayuy Muyein ye-
MUTMPUMEMUTAMMORUSL Opomuda u dodeyuicyivpama wampus. PomopeaxmusHOCms U pPe3yIbmupyrouull
gomoxumuyeckuil keanmoswiii avixo0 J[J[@II onpedenenvt 6 pacmeopumensx CHCIl;, CH,Cl,, CCl; u oume-
muncyivghoxcuoe. Kpacumenv omuocumenvuo pomocmadbunen 8 OumMemuicyib@okcuoe u pacnaoaemecs noo
Oeticmauem ceema 6 XJ10PMemano8blX pacmeopumerisx.

Knrouegvle cnosa: xankoHvl, CmoKcos co8ue, CUuid OCYULIAmMopad, OUnOJbHbIL MOMEHM, homopeaxmus-
HOCMb, KBAHMOBBIU 8bIX00 (DIyopecyeHyull.

Introduction. Chalcones are one of the most important classes of natural occurring organic molecules
and possess versatile applications in medicinal chemistry [1, 2]. They are used as antibacterial [3], anticancer
[4], anti-HIV [5], anti-inflammatory [6] drugs. Chalcones are also known as o,3-unsaturated ketone. Due to
presence of the a,-unsaturated ketone framework, chalcone gives photochemical products by hydrogen ab-
straction [7]. Due to the long m bond conjugation systems, chalcone is also known as chromophores [8]. Do-
nor and acceptor groups such as N-(CH3), OCH; (donor), CN and NO, (acceptor) containing chalcones have
reasonable stability and good solubility and are extensively investigated for electronic and photonic applica-
tions such as charge-transfer agents, solar energy collectors, and nonlinear optical materials [9—11]. They are
useful as optical brighteners, laser dyes, electroluminescent materials, two photon absorption (TPA) materi-
als, as well as fluorescent labels and probes in biology and medicine [12—14]. It is well known that the prop-
erty of fluorescence in the chalcone system is significantly altered by appropriate substituents of donor and
acceptor groups [15]. Appropriately substituted chromophores find application as fluorescent dyes for syn-
thetic fibers and as daylight fluorescent pigments, which impart vivid brilliance to paints and printing inks
[16]. Various heterocyclic organic compounds such as pyrazoline, pyrazole, pyrimidine, pyridine, thiazole,
and oxazole are synthesized from chalcones. They are also used in the field of inorganic chemistry. Chal-
cones are used ligands for the coordination of various metals such as Cu(II), Ni(Il), Co(II), and Zn(II). Pho-
tophysical parameters such as solvatochromic, piezochromic, oscillator strength, dipole moment, fluorescent
quantum yield, and photostability are also important for determining the behavior of compounds [17]. In this
paper we reportion the synthesis of chalcone (DDFP), and its physicochemical properties such as electronic
absorption, oscillator strength, dipole moment, fluorescence quantum yield, photochemical quantum yield,
and the critical micelle concentration (CMC) of the surfactant are also determined.

Experimental. The appropriate 3-acetyl-2,5-dimethylfuran and 3,4-dimethoxybenzaldehyde was pur-
chased from Acros Organic. Other reagents and solvents (A.R.) were obtained commercially and used with-
out further purification, except dimethylformamide (DMF), ethanol, and methanol.

Melting points were recorded on a Thomas Hoover capillary melting apparatus without correction. FT-
IR spectra were recorded on a Nicolet Magna 520 FT-IR spectrometer. 'H and *C NMR experiments were
performed in CDCl; on a Bruker DPX 600 MHz spectrometer using tetramethylsilane (TMS) as internal
standard at room temperature. UV-Vis electronic absorption spectra were acquired on a Shimadzu UV-1650
PC spectrophotometer. Absorption spectra were collected using a 1 cm quartz cell. Steady state fluorescence
spectra were measured using a Shimadzu RF 5301 PC spectrofluorophotometer with a rectangular quartz
cell. Emission spectra were monitored at right angles. All fluorescence spectra were blank subtracted before
proceeding to data analyses.

A solution of 3-acetyl-2,5-dimethylfuran (0.96 g, 0.0069 mol) and 3,4-dimethoxybenzaldehyde (2 g,
0.0069 mol) in an ethanolic solution of NaOH (1 g in 5 mL of ethanol) was stirred for 4 h at room tempera-
ture. The solution was poured onto ice-cold water of pH ~2 (pH adjusted by HCI). The separated solid was
filtered off, washed several times with a saturated solution of NaHCOj; and left to dry. The residue was
recrystallized from methanol/chloroform

Yellow solid: m.p 140°C; EI-MS m/z (rel. int. %): 288(75) [M+1]"; IR (KBr) Vinax, em ;3122 (C-H),
2961 (C-H), 1654 (C=0), 1587 (C=C); '"H NMR (600MHz CDCls) &: 7.60 (d, C=CH, J = 15.6 Hz), 7.20 (d,
CH,J=1.2Hz),7.19 (d, CH, J= 1.8 Hz), 7.11 (s, CH), 6.89 (d, CO=CH, J = 15.6 Hz), 6.34 (s, CH), 2.61 (s,
—~OCHj), 2.53 (s, ~OCHjs), 2.29 (s, ~CHs), 2.25 (s, ~CHz); "CNMR (CDCl;) 8, ppm: 186.01, 157.69, 151.12,
149.95, 149.12, 142.91, 127.87, 122.89, 122.15, 111.02, 109.91, 105.69, 55.98, 55.92, 14.45, 13.29. Anal.
calc. for C;7H 304 (%): C 71.31, H 6.39. Found (%): C 71.27, H 6.35.

Results and discussion. Characterization of DDFP. The purified dye was characterized by EI-MS
m/z (rel. int.%), FT-IR, "H NMR, >C NMR, and elemental analysis. The FT-IR spectra show that the charac-
teristic band at 1668 cm ' of the v(C=0) peak for Act-furane is shifted to a lower frequency of 1654 cm ' for
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DDFP. This is due to the conjugation of the m-electrons on the benzene moiety with those on the ethylene
moiety in the enone linkage. In the 'H-NMR spectra, assignments of the signals were based on chemical
shift and intensity pattern. The 'H-NMR spectra of DDFP show two doublets at 7.60 ppm (J = 15.6) for the
CH=C and 6.89 ppm (J = 15.6 Hz) for the CO=CH, indicating that the ethylene moiety in the enone linkage
is in the trans-conformation, confirming the formation of DDFP. The *C NMR (CDCl;) spectrum of DDFP
was recorded in CDClj;, and the spectral signals are in good agreement with the probable structure. The car-
bonyl carbon of DDFP usually appears at 186.01 in its *C NMR spectrum. The a,B-carbon atom with re-
spect to the carbonyl group give rise to characteristic signals at 6 = 127.87 and 142.91, respectively, which
can also be readily identified by their characteristic appearance. Details of the "?*C-NMR spectra of DDFP are
given in the experimental section. Finally, characteristic peaks were observed in the mass spectra of DDFP
by the molecular ion peak. The mass spectrum of DDFP shows a molecular ion peak (M") m/z 288.

Spectral behavior of DDFP in different media. The steadystate absorption and fluorescence parameters
of 1x10~° mol/dm® DDFP recorded in various nonpolar, polar aprotic, and polar protic solvents are summa-
rized in Table 1. The absorption and emission spectra of DDFP are shown in Fig 1. As seen in Fig. 1a, the
polarity of the solvent has little effect on absorption maxima, indicating the weak polar character of DDFP in
the ground state. The emission spectrum of DDFP exhibits two emission bands. The emission peak around
380 nm corresponds to the locally excited (LE) state, and the other band situated around 384—465 nm is the
emission from the intramolecular charge transfer (ICT) state. The emission spectra, however, are broad and
red shifted (Fig. 1b) as the solvent polarity increases. The red-shift from 384 nm in n-heptane to 465 in
DDFP indicates that photoinduced intramolecular charge transfer (ICT) occurs in the singlet excited state
[18], and therefore the polarity of DDFP increases on excitation. The red shift of the fluorescence peak in
alcoholic solvents is assigned to solute—solvent hydrogen bonding interaction in the singlet excited state,
which causes an extra red shift in the observed spectra [19] (Table 1).

Emission Intenity, a. u. b
Absorbance a Y,
—— EtOH
—— MeOH
03} DMSO 12 ¢
— DMF

CHCly

- —— CH,ClL, - — EtOH
CH;CN —— MeOH
—— Dioxane DMSO

02} —— THF 8F — DMF
—— n-Hexane CHCl3
— CHxCL,
B CH3CN

—— Dioxane
—— THF
— n-Hexane

0.1
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Fig. 1. a) Electronic absorption spectra of 1x10~° mol/dm’ of DDFP in different solvents;
b) emission spectra of 1x10~° mol/dm’ of DDFP in different solvents (hex = 345 nm).

TABLE 1. Spectral Data of DDFP in Different Solvents

N | EA30), | Aabs, | Aems E, RS

Solvent Af Er kc;(l/m)ol nm nm |M'-cm’! f Wiz, D | Av, em @
EtOH 0.305 | 0.654 51.9 358 | 483 20580 0.59 | 6.68 7229 0.44
MeOH 0.299 | 0.762 554 357 | 485 20530 0.60 | 6.73 7393 0.29
DMSO 0.266 | 0.441 54.1 363 | 465 29130 045 | 5.88 6043 |0.080
DMF 0.263 | 0.404 438 358 | 446 20620 045 | 5.84 5511 0.16
CHCl 0.217 | 0.259 39.1 355 | 445 21190 0.48 | 6.00 5752  0.041
CH,Cl, 0.255 | 0.320 40.7 353 | 447 24200 0.57 | 6.53 5957 10.029
Acetonitrile 0.304 | 0.472 45.6 351 | 429 22830 047 | 591 5180 0.43
Dioxan 0.274 | 0.164 36 350 | 425 26490 0.53 | 6.26 5042 0.11
THF 0.148 | 0.210 374 346 | 387 22270 0.31 | 4.76 3486 -
n-Hexane 0.0014 | 0.012 31.1 341 | 384 20250 0.26 | 4.33 3284 —
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A simplified description of hydrogen bonding of DDFP is shown in Scheme 1. Type (a) hydrogen bond-
ing is strengthened in the excited state, since the charge density at the carbonyl oxygen is enhanced in the
ICT excited state. On the other hand, type (b) hydrogen bonding is weakened on photoexcitation, because
the charge densities at the OCHj; decrease in the excited state.

& HOR
o
X | )—cH,
MeOQ o
! H,C
HOR OMe
b
HOR
(DDFP)

The energy of absorption (£,) and emission (Ef) spectra of DDFP in different solvents correlated with
the empirical Dimroth polarity parameter £7 (30) [20] of the solvent (Fig. 2a). A linear correlation between
the energy of absorption and emission of solvents with various polarity was obtained, implying potential
application of these parameters to probe the microenvironment of DDFP:

E,=75.17-0.1032E7(30), (1)
Ey=68.28 — 0.257E7 (30). )

Analysis of solvatochromic behavior allows estimating the difference in the dipole moment between the
excited and ground states (Ap. — Apy). This was achieved by applying the simplified Lippert—Mataga equa-
tion [21]:

Avg = 2(Ue — ug)zAf/hca3 + const, 3)

Af=(e—1)/Q2e + 1) — (n* = 1)/2n* + 1), 4)

where Avy is the Stokes shift, which increases with increase in the solvent polarity, pointing to stronger sta-

bilization of the singlet excited state in a polar solvent, 4 is Planck’s constant, ¢ is the speed of light, and a is

the Onsager cavity radius, and € and »n are the dielectric constant and refractive index of the solvent. The

constant represents higher order terms, which are usually neglected. The Onsager cavity radius was taken as

5.7 A [22]. Figure 2b shows the plot of Stokes shift versus the orientation polarizability (Af). The changes of

dipole moment (Ap) upon excitation was calculated from the slope of the plot and the cavity radius is

Ap=9.16 D. This change in dipole moment is caused by redistribution of atomic charges in the excited state as
a result of charge transfer from the electron rich -OCHj; group to the electron acceptor keto-furanyl fragment.

-1
E,_ kcal - mol a Stoke shift, cm™! b
85 5 8000 1
80 ° d i
7000
75} A 6000 r
70t R 5000 t

65t AA A 4000 f

or A 4 3000
30 35 40 45 50 Ep, kcal - mol™ 0 0.1 0.2 03 Af

Fig. 2. a) Plot of energy of absorption (£,) and emission (Ef) versus E7(30) of different solvents;
b) plot of AF versus Stokes shift (Av).

The oscillator strength (f) and transition dipole moment (u,;) of electronic transition for DDFP from
ground to excited singlet state (Sp—S) was calculated in different solvents using the equation [23]:

f=4.32x10"fe(v)dv, (5)
(m12)° = f14.72x10" E oy, (6)

where ¢ is the numerical value for molar decadic extinction coefficient measured in dm’/mol - ¢cm, v is the
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value of wavenumber measured in cm ', and Epy is the energy maximum of absorption band in cm . The
values of f'and (u,) are listed in Table 1 and indicate that the Sy—S] is a strongly allowed transition.

Fluorescence quantum yield. The fluorescence quantum yield (¢f) of DDFP was measured using the op-
tically diluted solution to avoid the reabsorption effect (absorbance at excitation wavelength <0.1), relative
to the method with a solution of quinine sulfate in 0.5 mol/dm® H,SO4 (¢ = 0.55). Using the same excitation
wavelength, the unknown quantum yield is calculated using the equation:

o = o LAxn’TxAn,’, (7)

where ¢ is the quantum yield, / is the integrated emission intensity, 4 is the absorbance at excitation wave-
length, and 7 is the refractive index of the solvent. The subscript  refers to the reference fluorophore of
known quantum yield. The photochemical quantum yield (¢.) was calculated using the method described in
detail previously [23], and light intensity was measured by using ferrioxalate actinometry [24]. The fluores-
cence quantum yield (¢¢) of DDFP depends strongly on the solvent properties (Table 1). The ¢, value in-
creases with increasing solvent polarity expressed as E7 (30) [25].

Effect of surfactant on emission spectrum of DDFP. A positively charged CTAB and negatively charged
SDS surfactants were selected for evaluating the emission behavior of the DDFP dye. The two specified sur-
factants were chosen because the ionic charges possessed by DDFP dye can be influenced by the positively
charged CTAB and negatively charged SDS. Thus, the charge attraction accounts for the DDFP emission
behavior. The fluorescence emission spectra of DDFP in the absence and presence of CTAB and SDS were
measured. The fluorescence intensities of DDFP increase with increase in concentration of CTAB from
2x107* up to 1.6x10~° mol/dm’, as shown in Fig. 3a. Such enhancement in the fluorescence intensity of
1x107° mol/dm’® DDFP at fixed concentrations with increase in CTAB concentration may likely be ascribed
to the association mechanism of DDFP with CTAB. The fluorescence intensity of DDFP is quenched with
increase in SDS concentration (2x107 up to 1.6x10™* mol/dm®). Moreover, more significant reductions were
noticed in the fluorescence intensities of DDFP with SDS. The quenching of DDFP upon increasing SDS
concentration can likely be ascribed to the association of DDFP with SDS. Figure 3b shows the influence of
SDS on the relative emission intensity of 1x10~> mol/dm® DDFP. It can be observed that there was a subse-
quent decrease in the relative emission intensity of DDFP with increase in SDS concentration, demonstrating
that there was an interaction between DDFP and SDS. It seems that the dye molecules located in the hydro-
carbon core of CTAB aggregates, while in SDS the dye is located at the micelle-water interface, showing
the quenching role of water. As shown in Fig 3a, b, the emission intensity of DDFP increases with increase
in concentration of the surfactant; an abrupt change in fluorescence intensity is observed at a surfactant con-
centration of 8.7x10™* and 6.5x10° mol/dm’ which is very close to the critical micelle concentration of
CTAB and SDS. Thus DDFP can be employed as a probe to determine the CMC of a surfactants. It is well
known that aromatic molecules were generally solubilized in the palisade layer of the micelle [26, 27]. Thus,
the enhancement of emission intensity is attributed to the passage of dye molecule from the aqueous bulk
solution to the palisade layer of the micelle. The decrease in polarity of the microenvironment around the
dye molecule results in the reduction of the non-radiative transfer rate from the ICT state to the low-lying
singlet or triplet state due to the increase in the energy gap between them, which leads to an increase in
emission intensity.

Emission Intensity, a. u. a Emission Intensity, a. u. b

24 | 126

20 t 8 f

16 | 4 t
;

12 et 0 —_—
0 0.0006  0.0012  0.0018 0 0.006 0.012 0.018

[CTAB] mol - cm™ [SDS], mol - cm ™

Fig. 3. a) Plot of It versus the concentration of CTAB; b) plot of /; versus the concentration of SDS.
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Photoreactivity of DDFP in different solvents. The photoreactivity of DDFP has been studied in differ-
ent solvents, namely DMSO, CH,Cl,, CHCl;, and CCly. DDFP with 1x10°° mol/dm® concentration was irra-
diated at 345 nm. The absorbance of DDFP decreased with increasing irradiation time until a photostationary
state was reached. As shown in Fig. 4, no new absorption appeared, indicating the absence of a photopro-
duct. The net photochemical quantum yields (¢.) are listed in Table 2 and indicate that the DDFP dye is
more photostable in DMSO than in CHCl;, CH,Cl,, and CCly. It seems that the photodecomposition of
DDFP in chloromethane solvents takes place by electron transfer from the excited dye molecule to the sol-
vent according to a well-known mechanism [28, 29]

(DDFP)—'(DDFP)* absorption of light

'(DDFP)*—DDEFP +hv fluorescence

(DDFP)* + CH,Cly,, — '[DDFP ....CH,Cl4 ,]* exciplex

1[DDFP. ...CH,Cly_J* — [DDFP'+8 '78CH,,C13,,,] electron transfer
[DDFP® ... °CH,Cls.,] — DDFP"*® CI" + ‘CH,Cls., contact ion pair

It was supposed that the electron transfer from the excited singlet DDFP to CH,,Cl,_, within the transient
excited charge transfer complex (exciplex) is the main primary photochemical process. It leads to the ap-
pearance of the DDFP radical cation, a chloride ion and a chloromethyl radical in the solvent cage. The for-
mation of a contact ion pair usually occurs by electron transfer from the excited donor to the electron accep-
tor depending on the electron affinity (£,) of the acceptor.

Absorbance a Absorbance b
0.25T1 0251
0.20 0.20 |
—— 0 min
0.15 0.15} s
10
/\ — 15
0.10 0.10 \v —%
120
0.05 0.05 }
0 1 1 1 1 1 - 0 1 1 1 1 n h s
250 300 350 400 450 250 300 350 400 450
Absorbance . c Absorbance d
0.25r1 0.30T1
020 j — Omin 0.24 +
0.15 } - 0.18
—_— 10
15
0.10-\[ 0.12 }
0.05 & [ 0.06
0 L 0 t . L . L : 4
250 300 350 400 450 275 325 375 425 A,nm

Fig. 4. Effect of irradiation (Aex = 345 nm) on the electronic absorption spectrum
of 1x107> mol/dm® in CH,Cl, (a), CHCl; (b), CCl, (c), and DMSO (d).

TABLE 2. Data of Photodecomposition of 1x10~> mol/dm®> DDFP in Different Solvent

Solvent e
CHCl; 0.0023
CH,Cl, 0.0020
CClL 0.0049
DMSO 0.00006
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Conclusion. A new chalcone dye (DDFP) was successfully synthesized via the reaction of 3-acetyl-2,5-
dimethylfuran with 3,4-dimethoxybenzaldehyde. Spectroscopic and elemental analysis of DDFP were in
agreement with the chemical structure of DDFP. In addition, the spectral properties, physicochemical
parameters, photostability and polarity behavior of the newly synthesized chalcone dye in organic media
were investigated. A fluorescence enhancement of DDFP with CTAB was noticed, while a fluorescence
quenching of DDFP with SDS was observed under the same experimental and instrumental conditions.
Moreover, there was an abrupt change in fluorescence intensity at the CMC. DDFP dye displays photode-
composition in chloromethane solvents via electron transfer from excited DDFP to solvent leading to the
formation of contact ion pair.
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REFERENCES

1. S. Syam, S. I. Abdelwahab, M. A. Al-Mamary, S. Mohan, Molecules, 17, 6179-6195 (2012).

2. B Ngameni, J. Watchueng, F. F. Boyom, F. Keumedjio, B. T. Ngadjui, J. Gut, B. M. Abegaz, P. J. Rosen-
thal, Arkivoc, xiii, 116—123 (2007).

3. V. Banewar, J. Chem., 2013, ID 542973, 4-9 (2013).

4.S. Won, C. Liu, L. Tsao, J. Weng, H. Ko, J. Wang, C. Lin, Eur. J. Med. Chem., 40, 103—112 (2005).

. H. Sharma, S. Patil, T. W. Sanchez, N. Neamati, R. F. Schinazi, J. K. Buolamwini, Bioorg. Med. Chem.,
9,2030-2045 (2011).

. G. S. B. Viana, M. A. M. Bandeira, F. J. A. Matos, Phytomedicine, 10, 189—195 (2003).

. E. M. Ebeid, M. H. Abdel-Kader, R. M. Issa, S. A. El-Daly, Chem. Phys. Lett., 146, 331-336 (1988).

. R. Prasath, P. Bhavana, S. W. Ng, E. R. T. Tiekink, J. Organomet. Chem., 726, 62—70 (2001).

9. M. Matsuoka, M. Furushow, S. lida, T. Kitao, Nonlinear Opt., 231-236 (1992).

10. A. Ghouili, M. Dusek, V. Petricek, T. B. Ayed, R. B. Hassen, J Phys. Chem., 75, 88—193 (2014).

11. P. Poornesh, S. Shettigar, G. Umesh, K. B. Manjunatha, K. P. Kamath, B. K. Sarojini, B. Naraya, Opt.
Mater., 31, 854-859 (2009).

12. Y. F. Sun, S. Xu, R. Wu, Z. Wang, Z. Zheng, J. Li, Y. Cui, Dyes Pigments, 87, 109-118 (2010).

13. M. Gaber, S. A. El-Daly, T. A. Fayed, Y. S. El-Sayed, Opt. Laser Technol., 40, 528537 (2008).

14. G. J. Pant, P. Singh, B. S. Rawat, M. S. M. Rawat, G. C. Joshi, Spectrochim. Acta A, 78, 1075-1079 (2011).
15. H. M. Marwani, A. M. Asiri, S. A. Khan, J. Lumin., 136, 296-302 (2013).

16. Y. Yesuthangam, S. Pandian, K. Venkatesan, R. Gandhidasan, R. Murugesan, Photochem. Photobiol. B,
102, 200-208 (2011).

17. S. El-Daly, A. M. Asiri, S. A. Khan, K. A. Alamry, J Lumin., 134, 819-824 (2013).

18. R. Frolicker, J. Phys. Chem. A, 106, 1708—1722 (2002).

19. S. Suppan, J. Photochem. Photobiol. A: Chem., 50, 293-297 (1990).

20. N. Mataga, T. Kubota, Molecular Interaction and Electronic Spectra, Marcel Dekker, New York (1970).
21. M. Gaber, S. A. El-Daly, T. A. Fayed, Y. S. El-Sayed, Opt. Laser Technol., 40, 528-537 (2008).

22. C. Reichardt, Solvents and Solvent Effects in Organic Chemistry, 2" ed., VCH, Weiheim, 35, 359 (1988).
23. K. Rurack, M. L. Dekhtyar, J. L. Bricks, U. Resch-Genger, W. Retting, J. Phys. Chem. A, 103,
9626-9635 (1999).

24. R. Gahlaut, N. Tewari, J. P. Bridhkoti, N. K. Joshi, H. C. Joshi, S. Pant, J. Mol. Lig., 161, 141-146 (2011).
25.S. A. El-Daly, A. M. Asiri, K. A. Alamry, A. Y. Obaid, J. Lumin., 139, 69—78 (2013).

26. K. N. Ganesh, P. Mitra, D. Balasubramanian, J. Phys. Chem., 86, 4291-4298 (1982).

27.K. A. Dill, D. E. Koppel, R. S. Cantor, J. D. Dill, D. Bendouch, S. H. Chen, Nature, 309, 42—45 (1984).
28. M. C. Biondic, R. Erra-Balsells, Photochem. Photobiol. A, 77, 149—159 (1994).

29. M. C. Biondic, R. Erra-Balsells, Photochem. Photobiol. 4, 51, 341-353 (1990).

5
1
6
7
8



