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Abstract

Metal enhanced fluorescence (MEF) is an unequaled
phenomenon of metal nanoparticle surface plasmons, when light
interacts with the metal nanostructures (silver nanoparticles) which
result electromagnetic fields to promote the sensitivity of fluorescence.
This work endeavor to study the influence of silver nanoparticles on
fluorescence intensity of Fluoreseina dye by employment mixture
solution with different mixing ratio. Silver nanoparticles had been
manufactured by the chemical reduction method so that Ag NP layer
coating had been done by hot rotation liquid method. The optical
properties of the prepared samples (mixture solution of Fluoreseina
dye solutions and colloidal solution with 5 minutes prepared of Ag
NPs) tested by using UV-VIS absorption and Fluorescence
spectrophotometer. by using AFM, SEM testes, the structure of silver
nanoparticles had been estimated. the result of this work showed that
adding Ag NPs colloidal to Fluoreseina dye solution help get a
significant increase in the fluorescence intensity of this dye. this study
results show that its significant to recent related studies in MEF.
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1. Introduction

In the last decades a large number of articles have been studied the Nano metric
systems. Nanostructured systems have better mechanical, chemical, and catalytic
properties than bulk materials and can be utilized in different technologies. And these
systems are more effective and less costly than the bulk materials [1]. due to the surface
plasmon resonance absorption, noble metal nanoparticles show bright colours [2]. Silver
Nanoparticles Ag NPs has high nonlinear optical properties. The Surface plasmon
absorption (SPA) lies in the visible part of electromagnetic spectrum for silver particles
with a size from 1 - 100 nm and it is what confers the characteristic bright yellow to Ag
NPs colloidal solutions [3]. Ag nanoparticles can be synthesized using various methods;
one of the most important and most popular preparation technique for preparing Ag and
Au colloids is the chemical reduction method [4]. Metal enhanced fluorescence (MEF) is
the interaction of the excited state of fluorophore with the localized surface plasmons of
the metal nanoparticles (MNPs) and that resulted in amplifies the radiative quantum yield
and increase the fluorescence intensity of the fluorophore [5]. due to Silver nanoparticle
characteristic like high reflection, suitability, and biocompatibility, its common material
used for MEF applications [6]. MEF has been demonstrated for many fluorophores which
has nano-sized molecule [7].

The coupled system frequently demonstrates much improved photophysical
qualities such as fluorophore photostability ,in addition to signal amplification [8].
Organic dye molecules can absorb radiation in the ultraviolet and visible regions of the
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electromagnetic spectrum. then the dye molecules can radiatively release the absorbed
energy in the form of fluorescence. Metal nanostructures are known to impact both of
these processes via mechanisms such as MEF [9].

2. Experimental work

2.1 Materials

Sodium citrate and silver nitrate were received from Sigma Aldrich, dye from
lambda physics, distilled water, these materials had been used without further
purification.

2.2 Preparation of silver nanoparticles solution

0.0425 gm of AgNO3 in 50mL deionized H>O to prepared 50 ml as a starting
solution of ~ 5x10° M of AgNOs in water, in order to reach 10 M concentration, 25mL
of AgNO; solution was added to 100mL of H,O (now ~1x 103M). In another hand a
solution of 1% sodium citrate (0.5 gm in 50mL of H20) has been made, then heated the
125mL solution of AgNOs until it begins to boil at 97 °C. At a moment of boiling 5mL
of 1% sodium citrate solution has been added drop by drop, as soon as boiling
commences. The colour of Colloidal solution is gradually converted with increasing the
time of reduction from light yellow to dark yellow and finally becomes dark brown that’s
an indication to creation of silver nanoparticles with different particle size as shown in
Fig.1.

Figure 1: Prepared silver Nanoparticles by a hot chemical reduction method with different
reduction periods

Silver nanoparticles had been coated onto glass microscope slide by using hot rotation
liquid method [10].by dipping the microscope slide perpendicular in the hot rotation silver
NP liquid for a different period's time from 5 t010 minutes as shown in Fig. 2.

2.3 Preparation of Fluoreseina dye solutions

The Fluoreseina dye solution is prepared by dissolving the required amount of the
dye into the solvent; a Mattler balance of 0.1mg sensitivity is used to measure the weight
of the dye. The weight of the dye (W in gm) is calculated by using the next equation [11]:

W = My,VC/1000 (1)
where My, is the molecular weight of the dye (gm/mole), V is the volume of the solvent
(ml), C is the molar concentration (mole/litre).
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Figure 2: Ag NPs deposited on glass microscope slides by putting the slide in the hot rotation
Ag NP solution at different reduction period

To prepare the diluted solutions, the next equation is used [11]:
C1V1 = CzV2C1 (2)

where C1 is the high concentration [M], V1 is the volume before dilution (1), C2is the low
concentration [M], and V2 is the total volume after dilution (I). Fluoreseina laser dye is
prepared in ethanol solution with different concentrations ranging from 1x1072 to 1x10°
M.

2.4 Mixing Ag NPs solution with dye solution

The dye solution with concentration 10-4 M is mixed with silver colloid (Five
minutes as a reduction period is chosen) with different mixing ratio (started from 10% Ag
NPs to 90%dye solution and still increase the ratio of Ag NPs colloid and decrease the
ratio of dye solution until reach 50% Ag NPs to 50% dye) to study the effect of adding
Ag Colloidal on the optical properties of the dye.

2.5 Structure and Optical measurements

The optical features were investigated by UV-Vis spectroscopy for Ag NPs and
Fluorescence spectroscopy for Ag and fluoreseina dye. And Total fluorescence of Ag NPs
and fluoreseina dye mixture solution with different mixing ratio, the surface roughness
and topography of deposited thin films were studied by AFM, additionally SEM was
employed to confirm the NPs shape, size and particle size distribution.

3. Results and discussion

3.1 The Atomic Force Microscope (AFM) analyses of silver nanoparticles

The AFM is an instrument capable of measuring the topography of a given sample,
Fig. 3 show the atomic force microscope results for Ag NPs which had been prepared at
5-minute reduction periods, the particle size was 68.27 nm. One can observe that the
particle size is in the nanoparticle range.

3.2 SEM analysis of Silver Nanoparticles

SEM is a type of electron microscope, its powerful technique for analysing the
structure of the prepared metal nanoparticles, which produces images of a sample by
scanning it with a focused beam of electrons. The information about the sample's surface
topography, morphology, and composition of the obtained metal nanoparticles was
examined by using FE-scanning electron Microscope and shown in Fig.4. By analysis the
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results of Figure 4 one can notice that at the case of 5 minutes a particle size at the range
from 22.8 to 47.6 nm.
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Figure 3: AFM results of prepared Ag NPs by chemical reduction method with 5 min as a
reduction period
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Figure 4: FE-SEM image with magnification force = 50 kx of prepared Ag NPs by using
5 min. as a reduction period

3.3. Absorption and Fluorescence Spectra of Ag NPs Colloidal

3.3.1 UV-Visible Spectrophotometer of Silver Nanoparticles

The study of the absorption spectra introduces the first step of comprehend the
agitated electronic states of molecules and gives much information related to S° Sp
excitation of molecules under examination. UV-Vis. spectroscopy is one of the most
vastly used techniques for optical characterization of silver nanoparticles. Chemical
reduction method is one of the most common and well-known methods for the preparation
of silver colloids. However, the reduction period changing here, whereas the other
parameters, amount of the sodium citrate aqueous solution and AgNO3 concentration are
kept constant. The absorption spectrum (Fig. 5) of the light-yellow silver colloids which
is prepared by hot chemical reduction method after 5 minutes from boiling point, this
Figure shows the surface Plasmon absorption band with a maximum of 425 nm which
assign to existence of Ag nanoparticles [10].
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Figure 5: Absorbance spectrum of prepared Ag NPs by chemical reduction method
(5 min.) as a reduction period

3.3.2 Fluorescence Spectra of Silver Nanoparticles
The emission spectrum of the silver colloid is examined and Fig. 6 shows that the
position of the maximum fluorescence peak occurred at 494 nm.
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Figure 6: The Fluorescence spectrum of prepared silver nanoparticle by chemical
reduction method after 5 minutes from boiling point.

3.4 The overlap between Fluoreseina dye and Ag NPs
The fluorescence spectrum of Fluoreseina dye which interfered with the absorption

spectra for silver nanoparticles has shown in Fig.7, where the wavelength of fluorescence
of Fluoreseina dye is occurred in 515.4nm and wavelength of absorption of Ag NPs
colloid is occurred at 425 nm. It can be noticed that an obvious overlap between them at
496 nm. In Fig. 8 shows the overlap between absorption of F dye and fluorescence of Ag
NPs colloid.

As shown in Fig. 9, the overlap between the absorption spectra of Ag NPs colloid
and the absorption spectrum of the dye is broad and these two absorptions are overlapping
at approximately the same position of spectrum.
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Figure 7: Overlap spectra between the surface plasmon absorption of Ag NPs (5min.) and the
Fluorescence of fluoreseina dye.
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Figure 8: Overlap spectra between the absorption of fluoreseina dye and the fluorescence of
Ag NPs (5 min.).
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Figure 9: Overlap spectra between the surface plasmon absorption of Ag NPs (5min.) & the
Absorption of fluoreseina dye.
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3.5 The Ag NPs and Fluoreseina dye mixing solution

Figure 10 shows the fluorescence spectra of Ag NPs and fluoreseina dye solution
mixture with different mixing ratio from (10% to 50%), It is obvious that the adding of
Ag NPs to fluoreseina dye leads to enhance the intensity of fluorescence spectra of
Fluoreseina dye, the fluorescence intensity is as high as possible at 10% mixing ratio. It
can be noticed from Table 1 that the variation of the full width at half maximum (FWHM)
of the emission spectrum with mixing ratio and it decreases compare to that of dye only,
the variation can be reached less value at 40% mixing ratio. This decreasing in the value
of FWHM is an acceptable result.
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Figure 10: Total fluorescence of Ag NPs and fluoreseina dye mixture solution with different
mixing ratio.

When a dye molecule is located in the vicinity of a metal surface, the energy levels
of the surface Plasmon and the dye may couple, resulting in energy transfer between them.
Depending on the nature of the coupling, the effect of this energy transfer may be
observed as an increase in the fluorescence efficiency or dye’s absorption coefficient. The
dye molecule is excited by a photon or through the transfer of energy from the optically
excited surface Plasmon (see Fig. 11). When the metal transfers its energy to the
fluorophore, an enhancement of fluorescence is expected due to the higher absorption
cross-section of the metal compared to that of the dye molecule [11]. This study results
show that its great significant to recent related studies in MEF which exciting the dyes at
a wavelength conforming to the Surface Plasmon resonance of nanoparticles, (as showed
in these studies in references [12, 13]) study in reference [14] shows increase of
fluorescence spectra of R6G-Au NPs with different molar concentration of Au NPs. One
can preferentially excite the dye molecules tied to the surface of the NPs.

Table 1: The values of peak position, Maximum Fluorescence intensity and the Enhancement
factor of Ag NPs and fluoreseina dye mixture with different mixing ratio.

Mixing ratio of Peak Fluorescence
Ag NP- Position Intensity FWHM Enhancement
. (NM) Factor
Fluoreseina (nm) (a.u.)

0% 515.4 1369 117.394 -

10% 540.9 9549.3 59.387 6.9
20% 536.3 2154 69.794 15
30% 527.4 6009.6 57.875 4.3
40% 532.4 4677.6 51.784 3.4
50% 533.7 3305.3 56.821 2.4
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Figure 11: Energy diagrams describing surface plasmon-dye interaction, Surface enhanced
fluorescence [15]

4. Conclusions

The optimal mixing ratio which leads to the maximum fluorescence enhancement
of fluoreseina dye spectrum is 10%, this ratio leads to enhance the fluorescence by factor
6.9 as shown in Table 1. While increasing the mixing ratio of Ag NPs (from 20% t050%)
leads to decrease the fluorescence enhancement compared to 10% Ag NPs, but still
enhanced if it compared with dye solution only. The significant increasing in fluorescence
intensity may be explained due to the large overlap between the absorption spectrum of
Ag NPs and the absorption spectrum of fluoreseina dye, which makes the Fluoreseina dye
affects positive by the Ag NPs, so it starts to irritate more. Fig.10 shows that the peak of
the fluorescence signal moves to longer wavelengths. The largest shift is appeared at 10%
of Ag NPs and reached to 540.9 nm. This MEF arises from the coupling of fluorophore
of the dye to silver nanoparticle surface plasmons such that the coupled system may
radiate as a single system. In future works we will try to study a biological or medical
application by using the Ag NPs—fluoreseina dye which exhibit remarkable optical properties
that make them suitable for biosensing and imaging applications. In particular, Ag NPs—
fluoreseina dye is a promising material for biotechnological applications.
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