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Abstract
The Super-e�cient �uorescence quenching of the dye, 1-(E)-styryl-2-(4-(2-(E)-styrylphenoxy) butoxy)
benzene (alkoxy bridged styryl benzene) (PPPBB), by silver and gold nanoparticles (Ag NPs and Au NPs)
are explored by the steady-state �uorescence measurements in methanol and ethylene glycol (MeOH and
EG). The data showed that both radiative and non-radiative energy-transfer perform a key role in the
�uorescence super-quenching mechanism. The Stern–Volmer quenching constants (Ksv) were calculated

as 1.4 ×  1010, 1.2 ×  1010 M− 1 in MeOH and EG for Ag NPs, and 2.69 ×  108, 6.18 ×  109 M− 1 in MeOH
and EG for Au NPs, respectively. Besides, the quenching sphere radius (r) values were calculated, via
Perrin model of quenching, as 160,161 nm in MeOH and EG for Ag NPs, and 45, 85 nm in MeOH and EG
for Au NPs, respectively. From active sphere radius results, one can conclude that the �uorescence
resonance energy-transfer is responsible for super-quenching of PPPBB. Moreover, the �uorescence
energy-transfer had an observable effect on the �uorescence super-quenching of PPPBB by AgNPs and
AuNPs in EG more than in MeOH. These Super-quenching processes can pave the way for the usage of
(PPPBB/ NPs) quenching systems in the energy transfer-based biosensors and essays with high degree
of sensitivity.

1- Introduction
New methods for investigating the interaction between metallic nanoparticles and excited �uorophore
were discovered through the rapid development of nanotechnology science over the last decades. The
interactions between the metallic nanoparticles with �uorophores had a growing interest in recent years
[1,2]. The near �eld interactions between �uorophores and metallic nanoparticles help in modi�cation of
the �uorescence emission [3, 4]. Dye emission depends on the shape, type, and size of metallic
nanoparticles in the molecular probing / sensor’s devices [5–7]. Many �uorophores acquire enhancement
of �uorescence e�ciency because of electronic coupling between the electronic transition dipole moment
with surface plasmon. The dynamic quenching occurs from the quenching of organic molecules by
nanomaterials [8–12]. Other research includes both static and dynamic quenching [13–18] in super-
�uorescence quenching processes. Nanoparticles induced superquenching �nd applications in
biosensing, optical materials and scanning probe microscope [19].

Stilbene derivatives have several photophysical properties, so they are important in photo redox process
which are used in solar energy conversion, biosensors, chemical sensors, dye laser, industrial dyes,
phosphor scintillator and optical brighteners. Stilbene derivatives are chemically and thermally stable
compounds and are not favorable starting materials for stilbene derivatives synthesis process due to the
phenyl moieties stability. The hydroxylated derivatives (stilbenoids) are used as antibiotics
(phytoalexins). Triazine stilbene derivatives are used in the paper industry and textile. They have an
important role in the photochemical and biomedical investigations. Styryl benzene derivatives �nd
application in biphotonic process, optics, colorant dyes, and laser dye [20–22]. The combination of amino
stilbenes with the silver nanoparticles (AgNPs) produces a new photonic material [23]. Recently, natural
compounds having a stilbene unit are characterized by anticancer activity [24]. Up-to date, the dye 1-(E)-
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styryl-2(4-(2-(E)-styryl phenoxy) butoxy benzene PPPBB has not yet been examined regarding quenching
by nanometallic particles which is expected to have signi�cant applications in biosensors and
�uorescence-based assays. Herein, we reported the super-quenching processes of the PPPBB molecule by
Ag and Au Nps to explore it’s photophyscial interaction parameters and to pave the way for their usage as
a sensitive systems for �uorescence-based biosensors.

2- Experimental

2.1 Materials and chemicals
All solvents and chemicals were acquired from Sigma Aldrich and were spectroscopic grade and used
without further puri�cation. AgNO3, tera chloroauric acid trihydrate (HAuCl4.3H2O), and the reducing
agent tri-sodium citrate were used to synthesize the Ag or gold nanoparticles AgNPs and (AuNPs) in
doubly distilled water.

1-(E)-styryl-2-(4-(2-(E)-styrylphenoxy)butoxy)benzene (PPPBB) (Fig. 1) was kindly supplied from Prof. K.
Müllen, University of Mainz, Germany. The method of PPPBB synthesis is described in previous work [25].

2.2. Instrumentations :
The electronic absorption spectra were recorded utilizing the Shimadzu UV-3101 PC spectrophotometer.
emission and excitation spectra were recorded using a Jasco FP-8200 Spectro�uorometer, excitation
bandwidth 5 nm, emission band width 5 nm, with Xe lamp light source. Fluorescence intensities were
measured at right angle to the exciting light. Narrow entrances were used in order to minimize the
intensity of the exciting light and thus to keep the photochemical reactivity (photoisomerization) at very
low rate. The �uorescence decay was recorded by �uorescence lifetime measuring system Horiba
�uoroCub3000U-EYM1.TEM measurements of silver and gold nanoparticles were measured using JEM-
100SX Model Electron microscope.

2.3 Synthesis and characterization of silver nanoparticles:
Silver nanoparticles were prepared by the well- known chemical reduction method [26,27]. In a typical
procedure, 125 ml of 1 × 10 −3M silver nitrate solution was heated to boiling and 5 ml of 1% trisodium
citrate solution (as nucleating and reducing agent) was added quickly. This resulted in a color change
from pale yellow to golden yellow indicating the formation of AgNPs. Stirring was continued until cooled
to room temperature. The nanoparticles were characterized by Transmission Electron Microscope (TEM)
and UV-Vis absorption spectrophotometry. A typical solution of 51 nm diameter AgNPs having polygonal
shape, exhibiting a characteristic surface plasmon band around 428.5 nm was obtained. TEM image of
AgNPs with absorption spectrum are shown as an inset in Fig. (2).

2.4 Synthesis and characterization of AuNPs:



Page 4/17

About 16.8 nm diameter AuNPs were prepared by the citrate reduction of HAuCl4.3H2O [28–31]. An
aqueous solution of HAuCl4.3H2O (1 mM, 100 mL) was brought to a re�ux while blending, and afterward
10 mL of a 1% trisodium citrate solution (as nucleating and reducing agent) was added rapidly, which
brought out a change in solution color from pale yellow to deep red. After the color change, the solution
was re�uxed for an additional 15 min, allowed to cool to room temperature. A typical solution of about
16.8 nm diameter gold particles exhibited a characteristic surface Plasmon band around 522 nm. The
size and mono disparity of the resulting nanoparticles was well documented for this method of synthesis
[26]. The mechanism of the successive reduction of [AuCl4]− ions into metallic AuNPs is explained in
details in literature [32–34]. From the electronic absorption spectra of the prepared 16.8 nm diameter of
2.01 nM concentration and 0.792 optical density (OD) at λmax = 522 nm, one can calculate the extinction
coe�cient (ε (λ)) of the prepared AuNPs. TEM image of AuNPs with absorption spectrum shown as an
inset is shown in Fig. (2).

The molar absorptivity and concentration of Ag and Au nanoparticles were calculated according to
reference [35]. Figure 2 ( a and b) displays the TEM image of the set AgNPs and con�rms the nano-scale
dimensions of the particles of an average diameter of about 51 nm. The electronic absorption spectrum
of 2.5 × 10− 9 M AgNPs aqueous solution presented a surface plasmon resonance peak at 420 nm.
Additionally, Fig. 2 (c and d) shows the TEM image of the prepared AuNPs con�rming the nano-scale
dimension of the particles of an average diameter of about 16.8 nm. The electronic absorption spectrum
of 6.9 × 10− 9 M AuNPs aqueous solution presented a surface plasmon resonance peak at 520 nm

3- Results And Discussion
Interaction of metallic nanoparticles with �uorophores is considered an active area of research [36–40].
To probe the microenvironment of the �uorophore, the �uorescence is quenched or enhanced in the
proximity of the metallic nanoparticles depending on the distance between the probe and NPs [41–45]. In
some cases, there’s a positive deviation from a linear Stern-Volmer relation for example in singlet to triplet
excitations, formation of charge transfer complexes both at ground and excited states, combined effect
of both static and dynamic quenching. In general, three types of quenching processes can occur: (a)
static quenching, (b) dynamic quenching, and (c) electron / energy transfer. Adsorption of the probe
molecule on the surface of the metallic nanoparticles resulting in a decrease in the emission intensity is a
well- known static quenching mechanism. Collision of excited �uorophore with a quencher during their
excited state lifetime causes a reduction of emission intensity giving the known dynamic quenching. Non-
radiative energy / electron transfer between the probe molecule and NPs is also a route of �uorescence
quenching [46–48]. To investigate the interaction of metallic nanoparticles with PPPBB molecule, we
measure the emission spectra of PPPBB in absence and presence of different concentrations of AgNPs in
methanol and ethylene glycol, respectively to investigate the effect of medium viscosity on the
�uorescence quenching rate constants.

As shown in Fig. (3 a-d), the �uorescence intensity of PPPBB decreases with increasing the concentration
of metallic AgNPs and AuNPs without changes in the spectral patterns indicating the absence of
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chemical interaction in excited state between metallic nanoparticles and PPPBB. No such quenching of
PPPBB was observed in the presence of low concentrations of capping agent indicating that the role of
metallic nanoparticles in quenching.

To determine the quenching rate constants, we apply Stern-Volmer relationship (1) in the form:

Io
I = 1 + Ksv[NP]

1
Where Io and I are the �uorescence intensities of PPPBB in the absence and presence of the quencher
respectively, Ksν is the Stern Volmer quenching constant (Ksν = kq.τf) where kqis the second order
quenching rate constant, τfis the excited state lifetime of PPPBB (measured as 2.17 ns in methanol), and

NPS  is the nanoparticle quencher concentration. The linear plots of �uorescence quenching of PPPBB

by metallic nanoparticles (AgNPs and AuNPs) are shown in Fig. (4a-b).

As shown in Table 1, the quenching rate constants are much higher than the diffusion rates constants in
MeOH (kd = 1.1×1010 M− 1s− 1) or EG (kd = 3.8×108 M− 1s− 1) [49]. This indicates the absence of diffusion–
controlled dynamic quenching. In case of AuNPs, the quenching rate constant kq in EG is more than one
order higher than the value in methanol. This is attributed to the role of micro viscosity in imposing a
cage effect with concomitant enhancement of static quenching [50,51]. On the other hand, the quenching
rate constant kq in case of AgNPs is more than three orders of magnitudes higher than that for AuNPs in
MeOH and is more than two orders of magnitudes higher than that for AuNPs in EG. This is due to the
remarkably large overlap between PPPBB emission and AgNPs plasmonic absorption compared with
AuNPs as shown in Figure (5). This leads to a stronger dipole-dipole interaction between excited state of
PPPBB and the surface plasmon resonance (SPR) absorption band of AgNPs compared with AuNPs. Due
to the overlap between emission spectrum of PPPBB and Plasmon absorption band of nanoparticles,
radiative energy transfer is also expected.

The remarkably high �uorescence quenching rate constant values are attributed to the so- called hyper- or
super- �uorescence quenching [52]. In general, super-quenching of �uorescence by metallic nanoparticles
occurs due to (1) large absorption coe�cient of surface plasmon resonance (SPR) absorption band of
metallic nanoparticles (2) due to spherical like shaped of AgNPs and AuNPs whereby energy transfer
occurs at any orientation of donor relative to nonmetal surface and (3) overlap between emission of
donor and SPR absorption band.

To calculate the volume of quenching sphere radius of PPPBB (V in cm3) and the quenching sphere
radius (r in nm) we apply the well-known Perrin model relationship [53–55] according to equations (2 and
3)

[ ]
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ln
Io
I = VNo[Q]

2
V = 4/3πr3 (3)

Where Io and I are the �uorescence intensities of PPPBB in the absence and presence of nanoparticles, V

is the volume of the quenching sphere in cm3, No is the Avogadro’s number, [Q] the concentration of the
quencher [NP] in mol dm −3, r is the quenching sphere radius in nm. From the plot of ln Io/I versus [NP]
we obtained a linear correlation as shown in Fig. (6 a-b) with slopes equal VNo. The calculated V and r
values are listed in Table (1). The radius of PPPBB was determined from X-ray measurements as Rd =
0.53 nm, the sum of molecular radii R = Rd + Rq, where Rq = 51 nm for AgNPs and 17.33 nm for AuNPs. As
shown in Table 1, the radius of active sphere volume was found to be larger than R indicating that the
non-radiative and radiative energy transfer processes are responsible of quenching of �uorescence of
PPPBB due to a signi�cant overlap between emission spectrum of PPPBB and Plasmon surface of
metallic nanoparticles which enhances the dipolar interaction between excited state of PPPBB and (SPR)
nanoparticles.

Table (1) Super-quenching photophysical parameters from Stern-Volmer plots (KSV values) and from
Perrin model (quenching sphere volume V, and radius r)

Solvent Stern Volmer

parameters

Perrin model

parameters

AgNPs AuNPs AgNPs AuNPs

KSV (M− 

1)
kq (M− 

1s− 1)
KSV (M− 

1)
kq (M− 

1s− 1)
V (cm3) r

(nm)
V (cm3) r

(nm)

MeOH 1.4 ×
1010

6.45 ×
1020

2.69 ×
108

1.24 ×
1017

1.73 ×
10− 14

160 3.84 ×
10− 16

41

EG 1.2 ×
1010

5.53 ×
1020

6.18 ×
109

2.85 ×
1018

1.75 ×
10− 14

161 2.64 ×
10− 15

85

Conclusion
Super �uorescence quenching of 1-(E)-styryl-2-(4-(2-(E)-styrylphenoxy)butoxy)benzene (PPPBB) by AgNPs
and AuNPs was studied in methanol and ethylene glycol solvents. The �uorescence quenching data
reveal that non radiative and radiative energy transfer play a major role in the �uorescence quenching
mechanism. The Stern –Volmer quenching rate constants (Ksv) as well as the quenching rate constants
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(kq) were calculated. Two solvents of different viscosities namely ethylene glycol and methanol were
used to assess the role of cage effect in enhancing static quenching. The quenching sphere radius r
values were calculated for AgNPs and AuNPs quenchers. The radii of active sphere volume were found to
be larger than the respective nanoparticles radii indicating contribution of both non-radiative and
radiative energy transfer processes in the �uorescence quenching of PPPBB* by metallic nanoparticles
due to a signi�cant overlap between SPR of metal nanoparticles and PPPBB*
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Figure 1

1-((E)-2-phenylethenyl)-2-(4-(2-((E)-2-phenylethenyl) phenoxy) butoxy) benzene (PPPBB)
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Figure 2

(a) TEM images of the as prepared AgNPs, (b) absorption spectrum of 0.25 n M AgNPs aqueous solution,
(c) AuNPs TEM image and (d) Electronic absorption spectrum of 6.9 n M AuNPs aqueous solution.
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Figure 3

(a and b) Emission spectra of  M solutions of PPPBB in MeOH and in EG in the presence of different
concentrations of AgNPs. (c and d) Emission spectra of  M solution PPPBB in MeOH and EG at different
concentrations of AuNPs. (λex = 313 nm).
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Figure 4

Stern-Volmer plots of super- �uorescence quenching of  M solution PPPBB (a) by Ag NPs in MeOH, and
EG and (b) by AuNPs in MeOH and EG.
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Figure 5

(a) Overlap between the �uorescence emission spectrum of  PPPBB and electronic absorption spectra of
 nM AgNPs; (b) Electronic emission spectrum of  PPPBB and electronic absorption spectra of  nM AuNPs
and (c) Schematic illustration for the super-quenching proposed mechanism of PPPBB by AgNPs or
AuNPs.
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Figure 6

Perrin model for �uorescence super-quenching of  M solution PPPBB by (a) AgNPs in MeOH, and EG and
(b) AuNPs in MeOH and EG.


