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THE SIZE-DEPENDENT OPTICAL PROPERTIES
OF PYRAZOLINE NANOPARTICLES

Sun Wha Oh
Basic Science Research Institute, Pukyong National University,
Pusan 608-737, Korea

Young Soo Kang
Department of Chemistry, Pukyong National University,
Pusan 608-737, Korea,

Organic nanoparticles of 1-phenyl-3-naphthyl-5-((dimethylamino)phenyl)-
2-pyrazoline were prepared by the reprecipitation method. Their excitonic
transitions responsible for absorption and emission, as compared with those
of dilute solution, have been investigated as a function of nanoparticle size.
We found that pyrazoline nanoparticles possess a special size dependence in
their optical properties. As the manoparticle size decreased, the absorption
and emission peak of pyrazoline nanoparticles were observed to shift to the
high-energy side due to size effect.

Keywords: nanoparticles; optical properties; reprecipitation method; size effect

INTRODUCTION

In recent years, the number of studies of organic nanoparticles has been
increasing. Because of the diversity of organic molecules, there is a tend-
ency to extend the research on nanoparticles from metals and semiconduc-
tors into organic field, especially into general organic molecules [1,2]. In
case of organic molecular crystals, their electronic and optical properties
are fundamentally different from those of inorganic metals and semicon-
ductors, due to weak intermolecular interaction forces of the van der Waals
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type [3]. To understand how these properties develop as a function of size is
fundamental and technological interest.

Inorganic semiconductor or metal nanoparticles have been extensively
investigated for various potential applications including the fluorescent bio-
logical labels [4], photovoltaic cells [5], light emitting diodes [6], and optical
sensors [7]. As far as the application is concerned, organic nanoparticles are
expected to hold the higher potentials because organic nanoparticles allow
much more variability and flexibility in material synthesis and nanoparticle
preparation. Investigations on the organic nanoparticles, however, are only
at their very initial stages presently. Recently, Yao et al., reported that
pyrazoline nanoparticles show very different and size-dependent properties
from those of bulk samples [8-11].

In this study, nanoparticles of 1-phenyl-3-naphthyl-5-((dimethylamino)
phenyl)-2-pyrazoline with sizes ranging from tens to hundreds of nan-
ometers have been successfully prepared by the reprecipitation method.
The size-dependent optical properties of pyrazoline nanoparticles have
been studied.

EXPERIMENTAL

Materials

4-(Dimethylamino)aldehyde, sodium ethoxide, 2’-acetonaphthone and
phenylhydrazine were purchased from Aldrich Chemical Co. and used
without any further purification. All solvents were obtained from Junsei
Chemical Co. and used without further purification. House-distilled water
was passed through a four-cartridge Barnstead Nanopure II purification
system consisting of macropure pretreatment, organic-free for removing
trace organics, two-ion exchangers and 0.2mm hollow-fiber final filter
for removing particles. Its resistivity was 18.3MQ and used in all the
experiments.

Preparations of Pyrazoline Nanoparticles

1-Phenyl-3-naphthyl-5-((dimethylamino)phenyl)-2-pyrazoline nanoparticle
was synthesized according to the previous report and conformed by NMR
and MS [12]. Its molecular structure is shown in Figure 1. 1-Phenyl-
3-naphthyl-5-((dimethylamino)phenyl)-2-pyrazoline nanoparticles were
prepared as follows. Pyrazoline acetone solution (1.0 mM) was injected into
10 mL of water with vigorous stirring, using a 100 uL microsyringe. Pyrazo-
line molecules began to be aggregated at once and its nanoparticles
dispersed in water were obtained. By controlling the quantity of pyrazo-
line acetone solution injected into water and temperature, the size of
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FIGURE 1 The molecular structure of 1-phenyl-3-naphthyl-5-((dimethylamino)
phenyl)-2-pyrazoline.

nanoparticles was controlled. For example, when 100 and 50 pL. of pyrazo-
line acetone solution were injected, the nanoparticle sizes finally prepared
were determined as 65 and 40 nm at 25°C, respectively.

Methods

The UV-vis optical absorption spectra of nanoparticle dispersed in
water were measured using a Varian Carry UV-vis spectrophotometer.
The excitation and emission fluorescence spectra were recorded with a
fluorescence spectrometer (Hitachi F-4500). The size and shape of nano-
particles were observed by means of the transmission electron microscope
(TEM: Hitachi S-2400, Japan). The size and distribution of nanoparticles
dispersed in water were also evaluated by the dynamic light scattering
(DLS) technique using a Zetaplus 1246 (Brookhaven Instruments Corpor-
ation, USA).

RESULTS AND DISCUSSION

We successfully prepared a series of pyrazoline nanoparticles from tens to
hundreds nanometers, which were stable even after several weeks. Some of
their TEM images are shown in Figure 2, in which the average nanoparticle
sizes were determined as 40, 65, 90 and 130 nm, respectively. TEM images
also showed that the size distribution of pyrazoline nanoparticles tends to
be uniform as confirmed by DLS.

Figure 3 displays the UV-visible absorption spectra of pyrazoline nano-
particles with different size dispersed in water and the spectrum of pyrazo-
line dissolved in acetone (1.0x10~2mM). In Figure 3, as the particle size
decreases from 130 to 40nm, A,.« of pyrazoline nanoparticles was
observed to be shifted the shorter wavelength region by 20nm. It is
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FIGURE 2 The TEM images of pyrazoline nanoparticles with different sizes.
(a) 40nm, (b)65nm, (¢) 90nm, (d) 130nm.

interpreted as the more electron delocalization on the main backbone gets
Amax t0 be shifted to a longer wavelength. In Figure 3, we observed that the
absorption peak is strongly affected by the nanoparticle sizes. It is expected
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FIGURE 3 The UV-vis absorption spectra of water dispersion of pyrazoline nano-
particles with different sizes; (a) 40 nm; (b) 65nm; (c¢) 90nm, (d) 130 nm, (f) the
spectrum of pyrazoline acetone solution (1.0x10~2mM).

for an aggregate state arising from the 7 orbital overlap of closely stacked
pyrazoline molecules in nanoparticles and is similar to the previous obser-
vations of absorption by aggregate states in other organic molecular
crystals such as a-perylene [13] and tetracene [14]. As it is already known
by Nakanishi, the reason of size-dependent property is the change of lattice
state due to the increase in the surface area. It is likely that the increase in
the surface area causes lattice softening, and therefore the Coulombic
interaction energies between molecules become smaller, leading to wider
band gap.

The fluorescence excitation spectra of pyrazoline nanoparticles with
different sizes and pyrazoline monomer in the dilute acetone solution
are displayed in Figure 4 and show changes similar to those of the
absorption spectra in Figure 3. As the nanoparticle size increases, the
peak width becomes broader and the peak also shifts to the longer wave-
length region.

Figure 5 displays the fluorescence emission spectra of pyrazoline nano-
particles with different sizes, compared with those of the dilute acetone
solution. With increasing nanoparticle size, the peak was shifted to the
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FIGURE 4 The fluorescence excitation spectra of water dispersion of pyrazoline
nanoparticles with different sizes; (a) 40nm; (b) 656nm; (c) 90nm, (d) 130nm,
() the spectrum of pyrazoline acetone solution (1.0x10~2mM).

longer wavelength region. In Figure 5, the shape of the nanoparticle
emission spectrum is similar to that of the dilute solution, and its peak
shifts the longer wavelength region from the dilute solution. The shift of
peak is close to the energy difference between absorption transitions from
S, to high vibrational levels (v,, = 0,...,n) of S; (labeled [S,(0) — S;(M)]).
Thus, the nanoparticle emission peak is from S;(0) to S,(n). The emission
spectra indicate that, in nanoparticles, the energy space between S;(0)
and S,(n) decreases with increasing nanoparticle size because of
more rotational and vibrational mode relaxation of non-radiative decay
of S; state.

As the size of pyrazoline nanoparticle is increased, the red-shift of
absorption peak was observed due to molecular aggregation. The grain size
of local ordered state may increase as the nanoparticle size increases,
allowing the intermolecular electronic interactions to be increased in
magnitude and to extend over a larger number of molecules. That is, as
the nanoparticle size is increased, the aggregated state gradually forms
and the overlap of the pyrazoline rings is gradually enhanced. Therefore,
the increase in the intermolecular dipole-dipole interaction leads to narrow
band gap, results in the absorption shifting to the lower-energy side. The



Downloaded by [University of California, San Diego] at 10:32 11 August 2012

The Size-Dependent Optical Properties 211/[489]

400 - (a)(b)(c)(d)

350

250 +

200

Intensity

150 +

0 . ' . '

400 500 600
Wavelength (nm)

FIGURE 5 The fluorescence emission spectra of water dispersion of pyrazoline
nanoparticles with different sizes; (a) 40nm; (b) 656nm; (¢) 90nm, (d) 130 nm,
(f) the spectrum of pyrazoline acetone solution (1.0x10~2mM).

red-shifted pyrazoline emission peak results from the vibrational character-
istics of the excited states with an increase in the particle size. In this
study, the size-dependence of absorption and emission exhibited by
pyrazoline nanoparticles is due to the aggregate formation and increased
intermolecular interaction. The emission color can be modulated by the
nanoparticle size.

CONCLUSIONS

1-Phenyl-3-naphthyl-5-((dimethylamino)phenyl)-2-pyrazoline nanoparti-
cles with sizes ranging from tens to hundreds were prepared by the repre-
cipitation method. We found that the particle size plays a critical role in the
optical properties of organic nanoparticles. These optical properties of the
organic nanoparticles as a function of particle size are useful for controlling
the color of the light emitted for electroluminescent materials only by the
variation of the particle size.
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