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The influence of concentrations of titanium dioxide (TiO,) nanoparticles (NPs) on spectroscopic properties of a
novel 3(2H)-pyridazinone derivative; 5-(2-hydroxy-5-methoxy-phenyl)-2-phenyl-2H-pyridazin-3-one
(HMPP) molecule in ethanol as a solvent has been investigated at room temperature. The increase in TiO, NPs
concentration causes a decrease in the values of absorption, fluorescence intensity and fluorescence lifetime of

HMPP molecule. The association constant k, of HMPP molecule with TiO, NPs in the ground state is estimated
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using the Benesi-Hildebrand relation. A linear Stern-Volmer (S-V) plot is obtained in steady state and transient
state studies. In addition, we have estimated the binding constant and number of binding sites. Results reveal that
there is a strong interaction between investigated molecule with TiO, NPs, fluorescence quenching in the said
system is purely dynamic and also there exist one binding site in HMPP molecule for TiO, NPs.

© 2018 Published by Elsevier B.V.

1. Introduction

In recent years, there has been considerable interest in semiconduc-
tor nanocrystals due to their unique size and shape dependent proper-
ties, a large surface-to-volume ratio, special optical and electrical
properties as compared to those of the bulk materials [1-3]. As one of
the most important ternary chalcogenides, TiO- is an intriguing func-
tional material because of its promising applications in photovoltaic
and photocatalytic fields [4,5]. Recently, S. M. Hunagund et al. reported
that the TiO, NPs shows potent antibacterial activity against the multi-
drug resistant microorganisms like Staphylococcus aureus and
Escherichia coli [6]. It has been reported that the TiO, NPs interact with
biomolecules of the bacteria cells [7], it provides a better understanding
of the cytotoxicity of oxide NPs. Also, it is reported that the TiO, NPs in-
teract with poly (lactic-co-glycolic acid) in order to study their cytotox-
icity [8]. Similar works shine on the interaction between metal oxide
nanoparticles with biomolecules in the field of biological applications.

The phenomenon of fluorescence quenching competes with the
spontaneous emission and causes the reduction in the fluorescence
intensity and lifetime of the fluorescence molecules. The electronic
excitation energy of an excited molecule is transferred to a quencher
molecule via, several mechanisms such as resonance, molecular rear-
rangement, charge transfer etc., The interaction between fluorophore
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and quenching agent can modify the emission characteristics of
fluorophore or of the fluorophore-quencher system (dynamic mecha-
nism) or it can become totally non-fluorescent (static mechanism).
Fluorescence quenching of organic molecules in solution by various
quenchers like silver nanoparticles [9], titanium dioxide nanoparticles
[10,11], SnO, NPs [12], aniline [13,14] and carbon tetrachloride [15]
etc. have been studied by several investigators using steady state and
the transient state methods. The applications of quenching phenome-
non are very useful in physical science, chemical science and medical
science [16,17].

The 3(2H)-pyridazinones are the pyridazine derivatives which con-
tain two adjacent nitrogen atoms at the first and second positions in a
six-membered ring and a carbonyl group at the third position and
they have different functionalities in their structure. They show broad
absorption and fluorescence spectra. Pyridazinones are biologically
most important and applicable subset of pyridazines and therefore
they have been the focus of intense study in the field of medicinal chem-
istry. They exhibit diverse biological activities such as antimicrobial, an-
algesic, anti-inflammatory, antipyretic, antihypertensive, anticancer,
antituberculosis, antiplatelet, antidiabetic, adrenoreceptor antagonist,
cardiotonic, COX inhibitors and acetylcholinesterase activities which
have been reviewed recently [18]. The chloridazon and pyridaben are
the derivatives of pyridazin-3(2H)-ones used in agriculture as
weedicidal and muticidal agents [19,20]. Recently, our group reported
the spectroscopic properties of novel pyridazin-3(2H)-one derivatives
using solvatochromic approaches [21-23]. In this work, we have studied
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the dependence of fluorescence intensity for pyridazin-3(2H)-one de-
rivative 5-(2-hydroxy-5-methoxy-phenyl)-2-phenyl-2H-pyridazin-3-
one (HMPP) molecule on titanium dioxide (TiO,) nanoparticles (NPs)
in ethanol as a solvent at room temperature.

2. Experimental
2.1. Materials and methods

5-(2-hydroxy-5-methoxy-phenyl-2-phenyl)-2H-pyridazin-3-one
(HMPP) was synthesized as per the procedure mentioned in the litera-
ture [24], and its molecular structure is shown in Fig. 1. The solvent eth-
anol was of spectroscopic grade and is purchased from S.D. Fine
Chemicals Ltd., India. TiO, NPs were purchased from HiMedia Laborato-
ries Pvt. Ltd. India. In order to prepare quencher, we have used TiO, NPs
in 5 ml of ethanol solvent (1 x 10~> M). Solutions were prepared to
keep the concentration of solute HMPP fixed (1 x 10~> M) and varying
TiO, NPs concentrations (0.00 pM, 0.06 pM, 0.13 uM, 0.20 uM, 0.26 M
and 0.33 uM).

The absorption and fluorescence spectra were recorded using UV-
visible spectrophotometer [Model: Hitachi 3310 at USIC K.U. Dharwad,
India] and fluorescence spectrophotometer [Model: Hitachi F-7000, at
USIC K.U. Dharwad, India] respectively. The fluorescence lifetimes
were recorded using time-correlated single photon counting technique
[TCSPC, ISS model: 90021 at USIC K.U. Dharwad, India]. All these mea-
surements were carried out at room temperature [300K]. The experi-
mental values are reproducible within 5% of the experimental error.

2.2. Benesi-Hildebrand relation

The change in the absorption value of HMPP molecule by adding dif-
ferent concentrations of TiO, NPs is analyzed using the Benesi-
Hildebrand relation [25] and is given by

c_r, 1 (1)
AA T Ag ' Agky[TiOy)

where k, - Association constant.C - Concentration of HMPP molecule.AA
- Change in absorbance of HMPP molecule with and without TiO, NPs at
its maximum absorption wavelength.Ae - Change in absorption
coefficient.

2.3. Stern-Volmer [S-V] relation
The change in the fluorescence intensity and fluorescence lifetime of

HMP molecule by adding different concentrations of TiO, NPs is ana-
lyzed using the S-V relation [26] and is given by.

s \OH

Fig. 1. Molecular structure of HMPP molecule.

For steady state

F, .

TO =1+ Ksy[TiO,] 2)
For transient state

10— 1+ Ky [Ti0y) 3)

where F, - Fluorescence intensity of solute without a quencher.F - Fluo-
rescence intensity of solute with a quencher.t, - Fluorescence lifetime of
solute without a quencher.T - Fluorescence lifetime of solute with a
quencher.[TiO,] - TiO, NPs concentration.Ks, = kqTo (K's, = k'qTo) is
the S-V constant, which is obtained from the slope of S-V plot.k,(k'q) is
quenching rate parameter.

2.4. Binding constant formula
The relationship between fluorescence intensity of HMPP molecule
and concentration of TiO, NPs can be described by the binding constant

formula [27] and is given by

Fo—F

log = logky, + n log[TiO,] (4)

where kj, - Binding constant.n - Number of the binding sites.
3. Results and discussion
3.1. Absorption spectra of TiO, NPs and HMPP molecule

The absorption spectrum of TiO, NPs in ethanol as a solvent is shown
in Fig. 2; and it shows the absorption maxima at 345 nm. The absorption
spectra of HMPP molecule in ethanol solvent for different concentra-
tions of TiO, NPs is shown in Fig. 3. From Fig. 3 it is observed that the ab-
sorption value of HMPP molecule decreases with increase in the TiO,
NPs concentrations. It inferred that there is an interaction between the
HMPP molecule and TiO, NPs. The change in the absorption value of
HMPP molecule by adding different concentrations of TiO, NPs is ana-
lyzed using the Benesi-Hildebrand relation [Eq. (1)]. The plot of C/AA
versus 1/[TiO,] according to Benesi-Hildebrand relation [Eq. (1)] was
found to be linear with good correlation coefficient and is shown in
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Fig. 2. Absorption spectrum of TiO, NPs in ethanol as a solvent.
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Fig. 3. The absorption spectra of HMPP molecule for different concentrations of TiO, NPs in
ethanol as a solvent.

Fig. 4. From the slope and intercept of this plot, the association constant
(k,) value is calculated. It is found to be 1.645 x 10 M~ . The higher k,
value indicates that there is a more interaction between TiO, NPs and
the investigated HMPP molecule.

3.2. The fluorescence spectrum of HMPP molecule

The fluorescence spectrum of HMPP molecule in ethanol solution is
recorded by exciting the sample at its maximum absorption wavelength
i.e. 273 nm. The Fluorescence spectrum of HMPP molecule for various
concentrations of TiO, NPs is shown in Fig. 5. From Fig. 5, it is observed
that the fluorescence intensity of HMPP molecule decreases with in-
crease in TiO, NPs concentration. The values of fluorescence intensity
of HMPP molecule for different concentrations of TiO, NPs are shown
in Table 1. The fluorescence intensity of HMPP molecule by adding
TiO, NPs is analyzed using the Stern-Volmer relation [Eq. (2)]. The
plot Fy/F versus [TiO;] for steady state method according to S-V relation
[Eq. (2)] is found to be linear with intercepts nearly unity and is shown
in Fig. 6. Values of the slope, intercept, and a correlation coefficient of S-
V plot for steady state method are shown in Table 2. From Table 2 it is
observed that good correlation coefficient is obtained. The quenching
rate parameter (k,) in steady state method is shown in Table 2.
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Fig. 4. The plot of C/AA versus 1/[TiO5].
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Fig. 5. Fluorescence spectra of HMPP molecule in ethanol as a solvent for different
concentrations of TiO, NPs.

3.3. Fluorescence lifetimes of HMPP molecule

The fluorescence lifetime decay curves for HMPP molecule with
and without TiO, NPs are shown in Fig. 7. Values of fluorescence life-
time of HMPP molecule for various concentrations of TiO, NPs along
with their corresponding y? values are shown in Table 1. The fluores-
cence lifetimes of HMPP molecule by adding different concentrations
of TiO, NPs is analyzed using the Stern-Volmer relation [Eq. (3)]. The
plot of To/T versus [TiO;] in transient state methods according to S-V
relation [Eq. (3)] is found to be linear with intercepts nearly unity
and is shown in Fig. 8. Values of the slope, intercept, the correlation
coefficient of S-V plot in transient state method is shown in
Table 2. From Table 2 it is observed that good correlation coefficient
is obtained.

From Sections 3.2 and 3.3 it is observed that fluorescence intensities
and fluorescence lifetimes of HMPP molecule decrease with increase in
TiO, NPs concentrations and also linear Stern-Volmer (S-V) plot in
steady state and transient state methods indicate the presence of dy-
namic quenching.
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Fig. 6. S-V plot for HMPP molecule in steady state.
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Fig. 7. The fluorescence lifetime decay curves for HMPP molecule for different concentrations of TiO, NPs in ethanol as a solvent.

3.4. Binding constant and number of binding sites

Using the values of fluorescence intensity with and without TiO, NPs
the binding constant and number of binding sites are estimated. The
plot of logFU—;F versus log[TiO,] was plotted according to binding
constant formula [Eq. (4)] is found to be linear with good correlation
coefficient and is shown Fig. 9. Slope and intercept of this plot give the
number of binding sites and binding constant respectively. The values

Table 1
Values of fluorescence intensity, fluorescence lifetime and Chi-square value of HMPP mol-
ecule for different concentrations of TiO, NPs in ethanol solvent.

TiO, NPs Fluorescence Fluorescence Chi-square
concentration intensity lifetime (%)

(uM) (au.) (ns) value
0.00 283.579 235 1.02

0.06 257.195 2.28 1.05

0.13 234.543 220 1.08

0.20 211.795 1.93 1.11

0.26 175.808 1.88 1.12

0.33 155.850 1.79 1.10

1.34  Slope =1.023
Intercept = 0.978
1 r=0973
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Fig. 8. S-V plot for HMPP molecule in transient state method.
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Table 2

Values of slope (Ksy), intercept and correlations coefficient (r) of S-V plot, quenching rate parameter (k,) in steady state and transient state methods.

Method Slope Intercept Correlation coefficient Quenching rate parameter
[Ksy x 10°] [kq x 10'7]
(M~ )
Steady state 2.470 0.942 0.970 1.051
Transient state 1.023 0.978 0.973 0435
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