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ABSTRACT

The interaction of fluorescent Pyronin Y (PyY) molecules with monodisperse silver nanoparticles (Ag
NPs) in chloroform was studied by using UV—Vis, steady-state and time-resolved fluorescence spec-
troscopies. Monodisperse Ag NPs were synthesized by using a surfactant assisted organic solution phase
protocol comprising the tandem thermal decomposition and reduction of silver (I) acetate in oleic acid
and oleylamine at 180 °C. The average particle size of Ag NPs was determined to be ~3 nm by trans-
mission electron microcopy (TEM) and their X-ray diffraction (XRD) pattern revealed the face centered
cubic crystal phase. Afterward, PyY and monodisperse Ag NPs were interacted in chloroform via soni-
cation at various time periods. The obtained spectroscopic results revealed that the photophysical
properties of PyY molecules were dramatically changed after their interaction with Ag NPs in chloroform.
It was determined that the amount of Ag NPs and PyY has the major effects on the photophysical
properties of the dye.
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1. Introduction

Transition metal nanoparticles (NPs) have been gained a great
interest by the scientist owing to their unique properties compared
to the bulk materials [1]. Among the transition metal NPs, noble
metal NPs such as Ag (silver) and Au (gold) have generated great
interest in many fields such as photonics and biological sensing
owing to their strong surface plasmon resonance (SPR) in visible
region [2]. Ag NPs are especially the most studied and best estab-
lished systems for waveguides, surface enhanced Raman scattering
(SERS) and antibacterial applications etc. In this regard, various
methods have been reported for the synthesis of Ag NPs [3—6], but
a few of them yielded to Ag NPs with controllable size and
morphology [7]. The synthesis of monodisperse Ag NPs has a
crucial role, since the size and morphology of Ag NPs have great
effect on their physical and chemical properties. For example, the
optical properties of Ag NPs can be altered by using a synthesis
method yielding the size and morphology controlled Ag NPs [8].

On the other hand, organic dye molecules have gained a great
deal of attention in electronics and optoelectronics due to their low
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cost and easy design at nanoscale. Pyronin Y, which is a xanthene
derivative and positively charged organic compound, is one of the
widely-studied one among the organic dyes. One important phe-
nomenon for dye molecules is the dye aggregation. The dye ag-
gregation plays a key role in many technological applications such
as photographic industry, photosensitization, molecular optoelec-
tronic devices, light-harvesting biological systems and nonlinear
optical materials due to their unique optical behaviors [9—-12]. It is
reported that PyY can be exposed to molecular aggregation pro-
cesses [13—15]. More recently, it is demonstrated that the photo-
physical properties of PyY can be affected by their interaction with
other materials [16]. For example, graphene oxide, clays, poly-
electrolytes and metallic NPs are commonly used changing the
photophysical properties of dye molecules in liquid media [13—16].
It is known that the fluorescence intensity of dye molecules is
quenched or enhanced in the close proximity of metallic NPs via
energy transfer or electron transfer. The quenching of fluorescence
dominates over enhancement at shorter distances and it is attrib-
uted to the efficient nonradiative energy transfer between the dye
molecule and the metallic NPs [17—19]. For the applications con-
taining metallic NPs and dye molecules, it is vital to understand
photophysical behavior of dye molecules in presence of metallic
NPs.

In the present study, we report a study of interaction between
PyY molecules and monodisperse Ag NPs in chloroform. After
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treatment of PyY molecules with Ag NPs in chloroform via son-
ication, the photophysical behaviors of the dye were followed by
UV—Vis, steady-state fluorescence and time-resolved fluores-
cence spectroscopy techniques. The experimental results
revealed that monodisperse Ag NPs caused partially the forma-
tion of dye aggregates of PyY along with changing its photo-
physical properties.

2. Experimental
2.1. Materials

PyY, silver (I) acetate (Ag(Ac)), oleic acid (OAc), oleylamine
(OAm), 1-octadecene (ODE), isopropanol, ethanol, chloroform and
hexanes were purchased from Sigma—Aldrich and used as it is.

2.2. Synthesis of Ag NPs

Monodisperse Ag NPs were synthesized by using a surfactant
assisted organic solution phase protocol comprising the tandem
thermal decomposition and reduction of silver (I) acetate in OAc
and OAm at 180 °C [20]. In a typical synthesis, 170.0 mg
Ag(Ac),1.0 mL of OAm, OAc and 10.0 mL of ODE were mixed and
stirred at 700 rpm under continuous nitrogen flow in a special four-
necked reactor that allows to temperature control via a thermo-
couple within the reactor. The resulted mixture was heated up to
60 °C slowly and kept at this temperature for 5 min. Next, the
resulted solution was further heated to 180 °C by a heating rate of
2—3 °C and maintained at this temperature for 20 min. Then, the
mixture was cooled down to 40 °C and centrifuged at 9500 rpm for
15 min after the addition of isopropanol into the each nanoparticle
solution separated into two centrifuge tubes. Ag NPs were redis-
persed in hexanes and centrifuged again at 9500 rpm for 15 min
after the addition of ethanol. Finally, Ag NPs were stored in hexanes
(in dark) (Scheme 1).

2.3. Quantum yields

Fluorescence quantum yields (¢y) of the samples were calcu-
lated by making comparison with a reference dye (Rhodamine
101, ¢y = 1.0 in ethanol). The method applied for the determi-
nation of fluorescence quantum yields were described elsewhere
[21]. The radiative (k) and nonradiative (k;r) deactivation rate
constants were calculated according to method described else-
where [17].
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2.4. Instruments

Transmission electron microscopy (TEM) images were recorded
on a FEI Technai G2 Spirit BIO(TWIN) at 120 kV. X-ray diffraction
(XRD) patterns were recorded on a RigakuMiniflexdiffractometer
with Cu Ko radiation (30 kV, 15 mA, A = 1.54051 A) over a 26 range
from 20° to 80° at room temperature. Absorption spectra were
recorded with a Perkin—Elmer (Model Lambda 35) spectropho-
tometer at room temperature, which is 1.0 cm x 1.0 cm quartz
cuvette. Steady-state fluorescence spectra were taken with Shi-
madzu RF-5301 PC Spectrofluorophotometer. A Laser Strobe Model
TM-3 lifetime fluorophotometer from Photon Technology Interna-
tional (PTI) was used to measure fluorescence lifetimes.

3. Results and discussion
3.1. Characterization of Ag NPs

Monodisperse Ag NPs were prepared by using a surfactant-
assisted organic solution phase protocol comprising tandem ther-
mal decomposition and reduction of Ag(ac) in OAm, OAc and ODE at
180 °C. In the synthesis recipe, OAm served as both surfactant and
mild-reducing agent, OAc was acted as co-surfactant, and ODE was
used as solvent. The recipe yielded monodisperse Ag NPs that were
characterized by TEM, XRD and UV—Vis spectroscopy. Fig. 1A
showed a typical TEM image of Ag NPs from which the formation of
spherical nanoparticles with the average particle size of 3 nm was
concluded. The formation of silver metallic particles was further
confirmed by the XRD pattern (Fig. 1B). It shows broad peaks at
20 =38.4°,44.3°, 64.5°and 77.1° that are readily assigned to the 111,
200, 220 and 311 reflections of a face centered cubic (fcc) symmetry
of metallic silver (JCPDS Silver, File No: 04—0783). However, the
broad peaks indicates the very small crystallite size of Ag NPs.

The absorption spectroscopy is one of the most significant tools
for the characterization of Ag NPs due to their surface plasmon
resonance peak in visible region. Fig. 2 showed the UV—Vis ab-
sorption spectra of PyY, Ag NPs and PyY—Ag NPs (PyY@Ag NPs) in
chloroform. Ag NPs showed a characteristic broad plasmon reso-
nance peak at 431 nm. PyY (1.0 x 10~> M) in chloroform had two
absorption peaks appeared at 551 (monomer band) nm and 540 nm
(dimer band), when it had an absorption peak at 552 nm along with
a slight absorption shoulder at ~540 nm in the presence of Ag NPs.
The effect of Ag NPs on the absorption property of PyY in chloro-
form was examined by comparing those absorption spectra. It was
concluded that the presence of Ag NPs in chloroform modified the
absorption characteristic of PyY (Fig. 2). While the dimer formation
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Scheme 1. Synthesis of monodisperse Ag NPs.
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