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ABSTRACT 

Quenching the fluorescence of the dyes 3-(4’-dimethylaminophenyl)-1-(1H-pyrrol-2-yl)prop-2-en-1-one (DMAPrP), 3- 
(4’-dimethylaminophenyl)-1-(2-furanyl)prop-2-en-1-one (DMAFP) and 3-(4’-dimethylaminophenyl)-1-(2-thienyl)prop- 
2-en-1-one (DMATP) has been investigated in the presence of silver cation and silver nanoparticles in different media. 
The results of the quenching experiments were analyzed using Stern-Volmer equation. Quenching the fluorescence of 
the dyes decreased with increasing medium viscosity. The Stern-Volmer constant (KSV) values in the absence and pres- 
ence of ethylene glycol show that the quenching efficiencies decrease as the medium viscosity increases indicating that 
the quenching process is a diffusion-controlled process, and this is consistent with a dynamic-type quenching. 
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1. Introduction 

Silver nanoparticles (Ag NPs) have been a subject of 
great interest among scientists due to their remarkable 
properties such as good conductivity, catalytic and anti- 
bacterial effect [1-4]. Moreover, the successful use of Ag 
NPs in materials modification for application in different 
fields such as clothing, semiconductor and preparation of 
nanocomposite materials with improved performances 
has been demonstrated [5-7].  

Fluorescence quenching is a technique to understand 
the interaction within the medium in view of the special 
role of surfaces of the nanoclusters in guiding and modi- 
fying physicochemical process. Metal nanoparticles have 
attracted significant attention due to their interesting op- 
tical and electronic properties, which have resulted in the 
exploitation of a number of applications in chemistry and 
biochemistry [8-13]. Fluorescence quenching of organic 
dyes by AgCl and/or Ag nanoparticles has been studied 
[14-16]. 

Chalcones and their functionalized derivatives have 
been shown to display diverse medical properties [17-20], 
interesting properties such as optical sensor [21] and 
electrochemical sensors for Ca and Ba [22]. 

In continuation of our interest in the study of photo- 
physical properties of chalcones [23-25], the quenching 
of fluorescence spectra of DMAPrP, DMAFP and DM- 
ATP has been investigated by Ag+ ion and Ag nanoparti- 

cle in different media. 
In the present study, we report a series of laser dyes 

derivatives (Scheme 1) undergo fluorescence enhance- 
ment on the interaction with Ag nanoparticles. 

2. Experimental 

2.1. Preparation and Characterization 

The synthesis, purification and characterization of 3-(4’- 
dimethylaminophenyl)-1-(1H-pyrrol-2-yl)prop-2-en-1- 
one (DMAPrP), 3-(4’-dimethylaminophenyl)-1-(2-fu- 
ranyl)prop-2-en-1-one (DMAFP) and 3-(4’-dimethyl- 
aminophenyl)-1-(2-thienyl)prop-2-en-1-one (DMATP) 
have been reported in a previous work [23-25] as follow 
into a conical flask 250 ml equipped with magnetic stir- 
ring were placed 5.5 g sodium hydroxide (NaOH) 
 

X

NO

X = NH       DMAPrP
     = O         DMAFP

= S DMATP  

Scheme 1. Series of laser dyes (chalcones) derivatives under 
investigation. *Corresponding author. 
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(0.01375 mol) dissolved in 50 ml of second distilled wa- 
ter and 0.01 mol ketone compounds dissolved in 25 ml of 
ethanol (EtOH). Then 0.01 mol of 4-N,N-dimethyl amino 
benzaldehyde dissolved in 25 ml EtOH was added drop- 
wise. The mixture was stirred at 30˚C (progress of reac- 
tion was monitored by Thin-Layer Chromatography (TLC) 
using ethyl acetate/petroleum ether as eluent (1:9 v/v)). 
After 6 h, the product precipitated from the solution. Af- 
ter cooling in a refrigerator overnight, the solid product 
was filtered, washed with water and 95% ethanol, dried 
under vacuum and further purified by recrystallization 
from ethanol, yielding 70% of the product. 

AgNO3 purchased from Aldrich was used without fur- 
ther purification. Deionized water was used throughout 
the work. Sodium dodocyle sulfate (SDS), cetyltrimethyl 
ammonium bromide (CTAB) from BDH, triton x-100 
(TX-100) from Aldrich were used without further purify- 
cation. 

The fluorescence spectra of the dyes with Ag+ ion and 
Ag nanoparticles as quenchers were recorded using Shi- 
madzu RF 510 spectrofluorometer.  

Correction of the emission spectra response was per- 
formed using the method of Melhuish [26-28] using 10–5 
M solution of anthracene in benzene (originally reported 
in quanta by measuring absolute intensities of emitted 
photons at various wavelengths as a reference standard; 
λex = 365 nm). From the observed and corrected emission 
spectra of 10–5 M solution of anthracene in benzene the 
correction factor at each wavelength was calculated then 
applied to correct the present emission spectra. In 
quenching studies, because of the absorption of the exci- 
tation and the emission light by the quencher, correction 
for both of these was performed using the method de- 
scribed by Marciniak [29] that applied the following 
equations: 
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where corr
fI  and obs

fI  are fluorescence intensities cor- 
rected and observed for the absorption of exciting light by 
the quencher, respectively, D  and Q  are the molar 
absorption coefficient at the exciting wavelength for donor 
and quencher, respectively, Dc  and Q  are molar con- 
centrations of donor and quencher, respectively and l is 
the exciting wavelength. 
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where obs
fI  and 'corr

fI  are fluorescence intensities ob- 
served and corrected for the absorption of exciting light  
by the quencher, respectively, Q  is the molar absorp- 
tion coefficient of the quencher at the emission wave- 
length monitored, and I’ is the effective path length for 

reabsorption of fluorescence. 
Absorption of the solutions was measured by a Shi- 

madzu UV-160A spectrophotometer. Transmission elec- 
tron microscopy (TEM) was carried out on a model 
JEOL JEM-100SX Electron Microscope with a field gun, 
and an accelerating voltage of 20 kV. The images were 
recorded at different magnifications from 500 to 3500 at 
different time intervals. Samples were prepared by plac-
ing and drying a drop of solution on a copper grid coated 
with a thin amorphous carbon film.  

2.2. Preparation and Characterization of Ag 
Nanoparticles 

Before the preparation, all the glassware must be soaked 
in aqua regia, and then washed by water several times 
and dried. The preparation steps are follows, into a clean 
conical bottle containing 40 mL water, 0.385 ml of 2.4 × 
10–2 mol/L silver nitrate (AgNO3) and 3.5 mL of 1.0% 
sodium citrate solution were added under the stirring, 4 
mL of 0.05% sodium borohydride (NaBH4) solutions 
were added slowly. After 10 min, it was diluted to 50.0 
mL with water [30]. Transmission electron micrographs 
and UV-Vis spectra were then recorded to characterize 
the prepared Ag nanoparticles. 

The silver nanoparticles have the maximum absorption 
peak at 405 nm and the average size was 15 nm. Differ- 
ent volumes of this solution have been used to quench 
the fluorescence of DMAPrP, DMAFP and DMATP. 

2.3. Calculations of Silver Nanoparticles  
Parameters 

Since one begins with 1 × 10–3 M AgNO3 in making the 
silver nanoparticles one has a concentration of silver 
nanoparticles if we assumed that all Ag+ ions are reduced 
by the reducing agent, sodium borohydride NaBH4. 

Silver atom has cubic close-packed fcc crystal struc- 
ture with cell parameters a = b = c = 4.0853 Å. In an fcc 
unit cell, the corner atoms account for (1/8) × 8 = 1 atom, 
and those in the center of the faces for (1/2) × 6 = 3. The 
fcc unit cell contains four atoms with volume = 
68.182333 Å3. In both the hcp and fcc structures voids 
account for only 25.96% of the total volume [31]. 

Diameter of silver nanoparticle = 150 Å. Volume of 
the silver nanoparticle is 1.8 × 106 Å3 and the number of 
silver atoms per particle is 1.056 × 105 atoms/particle. 
The number of silver atoms is 5.6 × 1021 per 50 mL, so 
the number of particles is 1.054 × 1018 per liter. The con- 
centration of Ag nanoparticles in mole per liter is 1.8 nm. 
For silver nanoparticles of 0.995 nm concentration, the 
optical density was 1.0945 OD at λmax = 405 nm, the ex-  
tinction coefficient (ε(λ)) of the prepared silver nanopar- 
ticles is 1.1 × 109 M–1·cm–1. 
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3. Results and Discussion 
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3.1. Characterization of the Prepared Ag  
Nanoparticles 

The size distributions of the metal particles synthesized 
in this work have been analyzed by high resolution 
transmission electron microscopy (HRTEM) images, 
showing that at least 80% of the particles are distributed 
around 15 nm. Figure 1 shows the electronic absorption 
spectra of different concentrations of Ag-nanoparticles in 
aqueous solution. Typical concentrations are (a) 0.199, (b) 
0.398 and (c) 0.587 nm. The insert in Figure 1 shows the 
HRTEM image of Ag-nanoparticles of about 15 nm di- 
ameter. The absorption band of Ag nanoparticles shows 
an absorption maximum at 405 nm. The HRTEM image 
shows that the prepared particles are spherical and of 
about 15 nm diameter. 

Figure 2. Enhanced fluorescence emission of DMAPrP (10 
µM) as a result of the addition of Ag nanoparticles (concen-
tration indicated on the figure) at λex = 370 nm and λem = 
535 nm. 

3.2. Emission of Laser Dyes in the Presence of 
Nanoparticles 

 
DMATP in the media were mentioned above exhibit a 
maximum at 535, 544 and 551 nm, respectively. 

Figure 2 shows the fluorescence spectra of 10 µM 
DMAPrP (the spectra DMAFP and DMATP are not 
shown here) methanol: water (1:1) by volume in pres- 
ence of variable concentrations of Ag+ ion and/or Ag 
nanoparticles. The effect of surfactants on the fluores- 
cence quenching process was measured at the critical 
micellar concentration (cmc) of SDS, Triton X-100 and 
CTAB as anionic, neutral and cationic micelles, respect- 
tively. Also, the effect of medium viscosity on the fluo- 
rescence quenching process was cheeked by adding 
various amounts of ethylene glycol (20% and 50% by 
volume). The emission spectra of DMAPrP, DMAFP and  

As the concentration of Ag+ ion and/or Ag nanoparti- 
cles quencher increases, the position of the fluorescence 
bands does not change despite of the substantial decrease 
in the fluorescence intensities. This indicates the absence 
of significant molecular interactions under the prevailing 
experimental conditions. 

Under the experimental conditions, the excitation 
wavelength of 370 nm is away from the maximum ab- 
sorption of the Plasmon resonance peak of Ag nanoparti- 
cles by ca 35 nm and the Ag nanoparticles don’t exhibit 
any fluorescence. In addition, there is no quenching of 
laser dyes under investigation emission caused by citrate 
ions indicating that Ag nanoparticles are responsible for 
this effect. 
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It is well known that metallic surface induces strong 
quenching of molecular fluorescence due to electromag- 
netic coupling between the metal and the fluorescent 
molecule [32]. 

The quenching follows the Stern-Volmer relation Io/I = 
1 + KSV[Q], where Io and I are the emission intensities of 
dyes in absence and presence of quencher (Ag+ ions 
and/or Ag nanoparticles) of concentration [Q], respect- 
tively, and KSV is the Stern-Volmer quenching constant. 
The Stern-Volmer plots of the quenching process of 
DMAPrP (plots of DMAFP and DMATP are not shown 
here) emission by Ag nanoparticles in absence and pres- 
ence of ethylene glycol are shown in Figure 3, which 
shows that the quenching efficiencies decrease as the 
medium viscosity increases indicating that the quenching 
process is a diffusion-controlled process, and this is con- 
sistent with a dynamic-type quenching. 

Figure 1. Absorption spectra of Ag-nanoparticles in aque- 
ous solution of concentration (a) 0.199, (b) 0.398 and (c) 
0.597 nm. The inserted shows the TEM image of Ag-nano- 
particles of about 15 nm diameter. 

Also, the quenching efficiencies in the micellar media 
follow the order TX-100 > CTAB > SDS agreement with  
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Figure 3. Stern-Volmer plots for fluorescence quenching of 
10 µM DMAPrP by Ag nanoparticles in different ratios of 
ethylene glycol (viscosity effect) at room temperature. 
 
the viscosity of medium.  

The Stern-Volmer plots deviate from the linearity at 
higher concentration of the quencher (Ag nanoparticles), 
this may be due to the aggregation of Ag nanoparticles 
upon increasing their concentrations which will increase 
the possibility of static quenching relative to the dynamic 
type quenching prevailing at lower concentrations of 
nanoparticles. 

The values of KSV were calculated in all media and 
given in Table 1. It is shown that, Ag nanoparticles 
quench the fluorescence of dyes under investigation with 
extraordinary high Stern-Volmer constants (KSV) in the 
range of 109·M–1.  

These KSV values remarkably high quenching constants 
are not common in small molecular quenchers; these 
values are 7 - 8 orders of magnitude larger than small dye 
molecules quenchers [33]. This extraordinary quenching 
ability is rationalized in terms of the number of surface 
silver atoms per each silver particle of 15 nm diameter is 
9 × 103 atoms. The corresponding to 104 surface sites, 
assuming one surface site per surface Ag atom, as a re- 
sult, we can assume that the fluorescence emission of 10 
µM dye molecules may be quenched by each Ag nano- 
particle. 

3.3. The Quenching Mechanism 

It is now well established that the binding of probe 
molecules to the metal surface of the nanoparticles re- 
sults in quenching of the excited state [34]. Both energy 
transfer and electron transfer processes are considered to 
be the major deactivation pathways for excited fluoro- 
probes on the metal surface. The electron transfer 
mechanism is predominant for particle sizes of <5 nm as  
the particles don’t exhibit any surface plasmon band in 
the visible region [33,35]. The degree of quenching de-

pends on the structural details that control proximity be-
tween the fluorophore and the metal nanoparticles core 
and since the metal particles are larger than 5 nm, energy 
transfer dominates the quenching mechanism [32]. 

Since we have 15-nm diameter silver nanoparticles, 
resonant energy transfer between the donor and acceptor 
takes place when a donor molecule is placed in the vicin- 
ity of a conductive metal surface. The probability of this 
Froster energy transfer depends on the overlap of the 
normalized emission band of the probe molecule with the 
extinction spectrum of the silver nanoparticles. Figure 4, 
illustrates that the excitation spectrum of the Ag nano- 
particles overlaps significantly with the laser dyes emis- 
sion, giving efficient energy transfer with a calculated 
critical transfer distance (R0) equal 62.8, 56.5 and 52 Å 
for Ag NPs-DMAPrP, DMATP and DMAFP pairs, re-
spectively. 

A number of investigations have been carried out in 
improving our understanding of the phenomenon of solu- 
bilization by surfactant solutions [36-39]. The main in- 
terest concerns the extent to which a particular com- 
pound can be solubilized in a given surfactant solution at 
a specified concentration. 

The other important aspect is to know the regions 
where the solubilizate molecules locate within the mi- 
celles. There are different ways in which a solubilizate 
can arrange itself within the micelles; it can either ar- 
range itself on the micellar surface, or it can be incorpo- 
rated in the micellar core or it can be at the interface of 
the core as shown in Scheme 2. 

So, this process reduces the fluorescence quenching. 
Also, the fluorescence quenching by metallic nanoparti- 
cles affected by the absence and presence of micelles, the 
way for solubilization may be arranged by a different 
way around the nanoparticles due to their highly ad- 
sorbed characters, see Scheme 3. 

The extent of solubilization and the site occupied by 
the fluorophore molecules depend upon the structural and 
chemical nature of both the surfactant and the solubili- 
zate as well as the concentration of the species in solu-
tion and the temperature. The presence of the solubilizate 
can affect the process of micellization and affect the 
thermodynamics of the micellization by affecting the 
interactions. 

4. Conclusions  

With increase in the concentration of Ag nanoparticles, 
the laser dyes under investigation were adsorbed effec-
tively and the fluorescence of the laser dyes was 
quenched. The quenching of the fluorescence of laser 
dyes by metallic Ag nanoparticles in 1:1 (methanol:wa- 
ter) solution may also occur by the adsorption of the laser 
dyes on the surface of nanoparticles, where KSV values 
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Table 1. Stern volmer quenching constants by Ag nanoparticles and Ag+ ion. 

KSV·M–1 

DMAPrP DMATP DMAFP Medium 

Ag0 × 10–7 Ag+ Ag0 × 10–7 Ag+ Ag0 × 10–7 Ag+ 

MeOH 128 1.36948 120 1.20081 116 1.16224 

SDS 121 1.20513 118 1.17824 114 1.14012 

CTAB 120 1.20029 114 1.14472 109 1.09396 

TX-100 116 1.16224 113 1.13059 111 1.10871 

25% Gly 119 - 114 - 109 - 

50% Gly 91 - 84 - 78 - 
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Figure 4. Normalized absorption spectra of 0.597 nm silver 
nanoparticles and normalized emission spectrum of 10 µM 
DMAPrP, DMAFP and DMATP in methanol: water (1:1) 
mixed solvent. The calculated value of Ro for silver nano- 
particles-DMAPrP, DMATP and DMAFP pairs were Ro = 
62.8, 56.5 and 52 Å, respectively. 
 

 

 
(a)                 (b)                 (c) 

Scheme 2. Different regions within the micelle where the 
fluorophore molecules locate itself (a) on the surface, (b) in 
the micelle core, (c) at the interface. 
 
are also high. The Stern Volmer quenching constant by 
Ag+ ion in 1:1 (methanol:water) solution is very low in- 
dicating absence of adsorption of the dye molecules on 
the quencher surface.  

The quenching of the fluorescence of laser dyes by Ag+ 
in aqueous medium also suggests that the electrostatic ef- 
fect between the cationic dye and cationic quencher (Ag+) 
may be responsible for the reduced quenching. The 

AgAg

 

 = Fluorophore        = micelle unit 
(a)                              (b) 

Scheme 3. The adsorption process on the metallic nanoparticle 
surface in a) absence and b) presence of micelles. 

 
process has been found to be less efficient (with signify- 
cantly low KSV values) in 1:1 (methanol:water) solution. 
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