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KEYWORDS Abstract Various aqueous solutions of silver and silver/cobalt nanoparticles (Ag and Ag/Co NPs) were
Ag NPs; obtained, and their fluorescence emission spectra have been studied. First, colloidal Ag NPs were prepared
Ag/Co NPs; by an electrochemical method under different time intervals and at different rotation speeds of rotating
Core-shell; electrode. Next, in a reduction method, Ag/Co core-shell NPs were prepared, using Ag NPs as a core. The

core-shell structure of Ag/Co NPs has been demonstrated by the Transmission Electron Micrograph (TEM)
and X-Ray Diffraction (XRD) pattern. The fluorescence emission spectra of Ag and Ag/Co NPs, at different
ranges of excitation wavelength, were investigated, which revealed two kinds of fluorescence emission
peak. The shorter emission peak was fixed at about 485 (for Ag NPs) and 538 nm (for Ag/Co NPs). For both
NPs, with an increase in excitation wavelength, the latter emission peak becomes red-shifted. The effect of
duration time and rotation speed of the rotating electrode, in the electrochemical preparation of Ag NPs,
on its fluorescence emission spectra, has also been investigated.
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Fluorescence spectra.

1. Introduction gaps, and nonradiative decay can proceed back down to ground
state, their fluorescence emission spectra are rather improba-
ble [7,8]. However, NPs have large surface areas in comparison
with bulk metals, and energy states are distinct, which results
in a growth in fluorescence emission spectra [9,10].

The first investigation regarding the fluorescence of bulk
metals was reported by Mooradian [11]. Boyd et al. studied
the photoinduced fluorescence of noble metals and its en-
hancement on roughened surfaces [12]. The surface plasmon
absorption of silver NPs and their plasmonic excited fluores-
cence have also been reported in [13]. Liang et al. reported

Because of special optical and electronic properties of NPs,
they have received much attention in many fields [1-4]. Par-
ticularly, the strong optical absorption and fluorescence of no-
ble metallic NPs make them of special interest. However, the
exact mechanism concerning factors influencing photolumi-
nescence is still unclear; therefore, the repetition and expla-
nation of some spectral experiments are quite difficult [5].
Fluorescence is a three- step process involving photoexcitation
of an electron from ground state to excited states, followed by

relaxation of the excited electron, which is accompanied by flu-
orescence emission [6]. Since bulk metals do not have band

* Corresponding authors.
E-mail addresses: z.parang@srbiau.ac.ir (Z. Parang), keshavarz@sutech.ac.ir
(A. Keshavarz).
Peer review under responsibility of Sharif University of Technology.

Production and hosting by Elsevier

ELSEVIER

the fluorescence spectra of silver NPs with different sizes dis-
persed in organic solvents [ 14]. Zheng and Dickson [15] showed
that the silver clusters formed by photoreduction have strong
fluorescence, while the larger NPs formed through reduction
with NaBH, were non-fluorescent. The fluorescence emission
spectra of silver nanospheres under different excitation wave-
lengths have also been measured [16]. Jian et al. investigated
the fluorescence emission spectra of silver-coated gold colloidal
nanoshells, and developed the quasi-static and local field the-
ory to describe the fluorescence emission property [17]. The flu-
orescence spectrum property of gold nanochains has also been
reported [18].
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Figure 1: TEM images of (a) Ag NPs, which were synthesized at 75 s and 3000 rpm, and (b) corresponding Ag/Co NPs.

Core-shell nanoparticles show interesting optical, elec-
tronic, magnetic and catalytic properties [ 19-24]. Many meth-
ods have been developed for the preparation of core-shell NPs,
such as microemulsion [25], electrochemical [26], radiolytic re-
duction [27], photolytic reduction [28], pulsed laser ablation
in water [29], polyol [30], and the UV photoactivated tech-
nique [31]. Although several papers have been published about
Ag/Co nanoparticles, those concerning the fluorescence emis-
sion spectra of these core/shell nanostructured materials are
rare in literature.

In this paper, we have developed a simple two step
method for fabrication of Ag/Co core-shell NPs. We prepared
Ag NPs under different time intervals and different rotation
speeds of rotating electrode. The effect of these variations
on fluorescence emission spectra of Ag NPs was investigated.
At different excitation wavelengths, the fluorescence emission
spectra properties of Ag and Ag/Co NPs have also been studied.

2. Experimental

2.1. Materials

Materials were purchased from various chemical com-
panies. Silver nitrate and potassium nitrate were obtained
from Scharlau and Panreac, respectively. Sodium borohydride,
poly(N-vinylpyrolidone) (PVP), hexadecyltrimethylammonium
bromide (CTAB), nitric acid and cobalt sulfate were also pur-
chased from Merck. In all experiments, aqueous solutions were
prepared using double-distilled water.

2.2. Apparatus

An electro analyzer system (SAMA 500) was used for the
electrochemical synthesis of Ag NPs. The UV-Vis. absorption
spectra were recorded, using a Varian spectrophotometer. The
Transmission Electron Microscope (TEM) and X-ray Diffraction
(XRD) (Bruker D8, using Cu K, radiation (A = 1.541874 A))
were used to investigate the morphology and structure of fab-
ricated samples. TEM measurements were achieved using a
Philips CM10, operating at 100 kV. For this measurement, the

sample was prepared by dropping a diluted prepared solution
of the product onto a copper grid and letting it evaporate. The
photoluminescence was recorded on a Varian spectrophotome-
ter. The fluorescence spectra were accomplishedona 1 x 1 cm
quartz cell at various excitation wavelengths.

2.3. Preparation of silver and silver/cobalt NPs

Ag NPs were synthesized by “Controlled Current Coulom-
etry” (CCC), electrochemical method, using a Pt rotating elec-
trode. A solution mixture of AgNO; and KNO3; was applied as
an electrolyte and PVP as a stabilizer. Ag NPs were prepared
during different time intervals of electrolysis (35, 75, 300 and
600 s), and different rotating speeds of cathode electrode (500,
1000, 1500, 2000 and 3000 rpm) at 1 A, at room temperature.
The color change of the electrolyte around the cathode to yel-
low reveals the formation of Ag NPs.

Then, Ag/Co core-shell NPs were prepared by the reduction
method, using Ag NPs as a core. For this purpose, a solution
containing CoSO4 and CTAB was added to the colloidal Ag NPs
solution. Then, NaBHy4, as a reducing agent, was added. The color
change to dark brown indicated the formation of Ag/Co NPs.

3. Results and discussion

In this study, we have investigated the fluorescence
emission spectra of Ag and Ag/Co NPs. First, Ag and Ag/Co
NPs were prepared. In Figure 1, TEM images of Ag NPs that
were synthesized at 75 s and 3000 rpm, and related Ag/Co
NPs are shown; the XRD pattern of the Ag/Co NPs is shown in
Figure 2. The core-shell structure of the fabricated Ag/Co NPs is
confirmed by its TEM image. In core-shell NPs, whose heavier
metal is a shell, only the peaks of heavier metal are observed
in the XRD pattern [32]. For this purpose, the XRD pattern of
the related Ag/Co NPs was investigated. As determined by X-ray
diffraction (Figure 2), peaks fitted on 38.15, 44.3, 64.50, 77.47
and 81.62° indicate the existence of Ag, and bands fitted on
41.10, 43.78, 46.84 and 74.89° show the presence of cobalt.
From these results, we conclude that Ag is core and Co is
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Figure 2: XRD pattern of Ag/Co NPs obtained from Ag NPs, which were
synthesized at 75 s and 3000 rpm.

shell; so the dark solid core of particles belongs to Ag, and the
bigger grayish sphere surrounding them belongs to Co atoms.
However, TGA analysis and electrochemical techniques have
also been applied as proof of the core-shell structure of these
fabricated Ag/Co NPs [33].

Ag NPs were prepared by an electrochemical method at
different time intervals and rotation speeds of the rotating
electrode. The UV-Vis. spectra of these synthesized NPs were
investigated (Figure 3). The Ag NPs characteristic plasmon
resonance absorption band was detected at about 405 nm. We
observed that as the time of Ag NPs synthesis was increased, the
concentration of Ag NPs was also enhanced, so, we had to dilute
Ag NPs, which were synthesized over 600 s, in order to study its
UV-Vis. absorption spectrum. Therefore, its intensity decreased
in comparison with Ag NPs prepared over 300 s (Figure 3).

Then, the fluorescence emission spectra of various solutions
of Ag NPs were investigated. For this purpose, the Ag NPs that
were prepared over different time intervals and at different
rotation speeds of rotating electrode were excited at 420 nm.
As reported previously [34], the rotation speed of the rotating
electrode has a significant effect on the particle size and degree
of aggregation, and at higher rotational speed, the synthesis
of smaller nanoparticles is favorable. We also observed that
enhancement in the rotation speed of the rotating electrode is
accompanied by a decrease in the size of the prepared Ag NPs. It
was also observed that the fluorescence emission peak slightly
blue-shifted with a decrease in the size of Ag NPs (Figure 4).

As shown in Figure 5, the florescence emission peak of Ag
NPs, which was prepared over 75 s was detected at about
485 nm at a certain rotation speed of rotating electrode
(for example, 500 rpm). By increasing the time of synthesis
to 600 s, interaction between Ag NPs increases, due to the
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Figure 4: Fluorescence emission spectra of Ag NPs synthesized during 75 s
at different rotation speeds (500, 1000, 1500, 2000 and 3000 rpm), excited at
420 nm.
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Figure 5: Fluorescence emission spectra of Ag NPs, which were prepared
during different times (35, 75, 300, and 600 s), and 500 rpm, excited at 420 nm.

concentration enhancement of NPs. As a result, the energy level
becomes broader and splits. Therefore, two emission peaks
were observed for Ag NPs that were prepared over 300 and
600 s.

The fluorescence properties of Ag and Ag/Co NPs under dif-
ferent excitation wavelengths were also investigated (Figures 6
and 7). As the excitation wavelength changed from 380 to
410 nm for Ag NPs, and from 400 to 440 nm for Ag/Co NPs, two
kinds of fluorescence emission peak were observed. The shorter
emission wavelength was fixed at about 485 and 538 nm for
Ag and Ag/Co NPs, respectively, and the longer emission wave-
lengths were red-shifted, along with the increase in excita-
tion wavelength. These two fluorescence emission peaks are
attributed to relaxation from the electronic motion of surface
plasmon, and a recombination of sp electrons with holes in the d
band, respectively. The reason for the observed red-shift in flu-
orescence spectra can be elucidated by the following explana-
tion. As the excitation wavelength increases, the electrons will
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Figure 3: UV-Vis. absorption spectrum of Ag NPs, which were synthesized at different times (35, 75, 300 and 600 s) in (a) 500 and (b) 3000 rpm.
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Figure 6: Fluorescence emission spectra of Ag/Co NPs, which were prepared by
Ag NPs that were synthesized during 75 s at 500 rpm, excited at 400-440 nm.

+h0 Ex 380
. X:

100 —— Ex390

350 —— Ex 400

2 300 —— Ex410
£ 250
£ 200
£ 150t
E 100
50

450 480 510 540 570 600 630 660 690

Wavelength (nm)

Figure7: Fluorescence emission spectra of Ag NPs, which were prepared at 75 s
and 500 rpm, excited at 380-410 nm.

be stimulated to the lower energy level, so relaxation of these
electrons will be emitted at longer wavelengths.

As shown in Figure 6, in fluorescence emission peaks of
Ag/Co NPs at excitation wavelengths smaller than 420 nm, the
shorter emission peak cannot be seen. It has been covered with
the longer one, and as the excitation wavelength increases, the
latter peak become red-shifted and two peaks become more
distinct. However, for Ag NPs in excitation wavelengths higher
than 400 nm, the longer emission peak has been covered by the
shorter one (Figure 7).

4. Conclusion

In this study, we have prepared Ag and Ag/Co NPs, and
the fluorescence emission spectra of these NPs have been in-
vestigated. The Ag NPs have been prepared by an electro-
chemical method over different time intervals and at different
rotation speeds of rotating electrode. The UV-Vis. and fluores-
cence emission spectra of these synthesized NPs were studied,
and the effect of the duration time of synthesis and the rotation
speed of the rotating electrode on their fluorescence emission
spectra, at 420 nm excitation wavelength, was investigated. It
was observed that as the duration time of Ag NPs synthesis
increased, the fluorescence peak splits and with an increase
in the rotation speed of the rotating electrode, the peak be-
comes slightly blue-shifted. Then, during a reduction method,
Ag/Co NPs were obtained from Ag NPs. The core-shell struc-
ture of Ag/Co NPs was also demonstrated by TEM image and
XRD pattern. The fluorescence emission spectra of Ag and Ag/Co
NPs at different excitation wavelengths were studied, and for
both NPs, two kinds of emission peak were observed. For Ag
NPs, it was observed that at excitation wavelengths higher than
400 nm, the latter emission peak was hidden by the shorter one.
However, for Ag/Co NPs, by increasing excitation wavelength,
the emission fluorescence peak will be distinct.
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