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Fluorescence enhancement by factors of 5-12 times 8-alkyl thiourido-7-ethoxy-4-methyl coumarin derivatives
was observed upon complexation with Hg2+, Ag+, and Ag nanoparticles. The study reveals a chelation-
enhanced fluorescence (CHEF) mechanism with the formation of 1:2 complexes in Hg2+/coumarin derivatives
and 1:1 complexes in Ag+/coumarin derivatives. The activation parameters of the complexation processes
were evaluated with energy of activation values in the case of Ag+ being nearly twice those in the case of
Hg2+complexation. Isokinetic studies indicate an enthalpy-controlled mechanism in the Hg2+/coumarin
derivatives complex formation. No fluorescence enhancement was observed with Fe3+, Co2+, Ni2+, Cu2+,
Zn2+, Cd2+, La3+, and Ce3+, making the present coumarin thiourea derivatives selective chemosensors of
both Hg2+and Ag+ ions with different complexation time scales between these two ions. Fluorescence
enhancement of the studied coumarin thiourea derivatives using silver nanomaterials occurs almost
instantaneously and can be induced by silver nanoparticles in the picomolar (pM) concentration ranges.

Introduction

There is a growing interest to sense heavy metal ions
selectively for both chemical and biological reasons. Many
analytical methods have been applied in that respect, and much
attention has been made to fluorometry because of its low cost,
selectivity, sensitivity, and response time.1,2

Hg2+, in particular, is a higher toxic environmental pollutant.
It exists in the inorganic form or, more seriously, in the organic
form as methylmercury, which is even more toxic to aquatic
life.3

Coumarins are sparsely used as chemical sensors for metal
ions based on chelation-enhanced fluorescence (CHEF).4 In the
present derivatives, coumarin moiety is linked to thiourea
derivatives with subsequent reduction in fluorescence efficien-
cies. Upon selective complexation with Hg2+, fluorescence
enhancement by a factor of five- to seven-fold takes place.

Several techniques for the determination of mercury ions have
been reported over the past few years. These include atomic
absorption spectrometry,5,6 inductively coupled plasma mass
spectroscopy,7-11 spectrophotometry,12 neutron activation analy-
sis,13 anodic stripping voltammetry,14 X-ray fluorescence spec-
trometry,15 electrothermal atomic absorption spectrometry,16

atomic fluorescence spectrometry,17 and cold vapor atomic
absorption spectrometry,18 and potentiometric ion-selective
electrodes for Hg2+ ion have been reported.19-21

Although these methods have good sensitivity and fast
measurement capabilities, they require expensive instruments,
well-controlled experimental conditions, and complicated sample-
pretreatment procedures. In the past few decades, research
interest has focused on developing fluorescent chemosensors
for Hg2+ because of their sensitive, selectivity, low cost, easy
signal detection, and transduction techniques.

Some Hg2+ sensors are reported that are based on changes in
electronic absorption spectra with subsequent color change upon
complexation.22,23 Other Hg2+ sensors based on fluorescence
enhancement or fluorescence quenching are also reported.24,25 These
are based on moieties of azoderivaties,22,26 N-dansylcarboxamide,27

chiral polymers,24 aminonaphthol,25 anthryl actamide,28 crown
ethers,29 thiocarbamate,30 rhodamine,31-34 naphthalimide,35 an-
thraquinone,36 cholic acid,30 porphyrin,37 thiosemicarbazone,38

carbamodi-thioat,39 benzothiazole,40,41 fluorescein,42,43 phenylene-
diamine triamide,44 hydroxyquinoline,45,46 anthracene,47,48 and phe-
noxazinone.49 Other Hg2+ sensors that are based on more complex
molecular architecture are reported.35,50-63

A gold-nanoparticles (Au NPs)-Rhodamine 6G (Rh6G)-
based fluorescent sensor for detecting Hg2+ in aqueous solution
has been developed. Water-soluble and monodisperse gold
nanoparticles (Au NPs) have been prepared facilely and further
modified with thioglycolic acid (TGA).64 Free Rh6G dye was
strongly fluorescent in bulk solution. The sensor system
composed of Rh6G and Au NPs fluoresces weakly as result of
fluorescence resonance energy transfer (FRET) and collision.
The fluorescence of the Rh6G- and Au-NPs-based sensor was
gradually recovered because the Rh6G units departed from the
surface of functionalized Au NPs in the presence of Hg2+.

A chemically programmed antibody sensor, consisting of a
stilbenyl boronic acid cofactor and monoclonal antibody EP2-
19G2, provides a new method of mercury detection.65 The
fluorescent antibody sensor generates an intense powder blue
fluorescence when bound to the stilbenyl boronic acid cofactor;
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TABLE 1: Melting Points and Reaction Yields of
Derivatives I-IV

derivative mp (°C) % yield

I 208 78
II 208 81
III 130 65
IV 197 58
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however, it is quenched in the presence of Hg2+ ions. The EP2-
19G2-cofactor biosensor provides micromolar sensitivity and
selectivity toward Hg2+ ions over a wide range of metal ions in
aqueous solution.

A new series of benzoylthiourea derivatives was prepared,
and their chemodosimetric behaviors toward metal cations were
investigated in aqueous media at room temperature.66 Among
the various metal cations tested, exclusively the Hg2+ ion
responds to irreversible color changes of receptors, along with
distinctive blue shifts in UV/vis spectra. The receptors can be
applicable to the monitoring of Hg2+ ion in aqueous solution
with a pH span of 4-9.

Several fluorescent sensors for Ag+ are reported. A crown-
ether-linked iridium(III) complex67 exhibits a notable lumines-
cence enhancement in the presence of Ag+ in aqueous media.
A 10-times-higher luminescence enhancement was achieved.
A unique chemosensor for Ag+ ions was created by coupling
an anthracene signaling unit to an amine-terminated glass slide.68

A novel dimeric boradiazaindacene dye, which can be
converted in one step to an efficient resonance energy transfer
(RET) dyad,69 was applied as a highly selective, emission
ratiometric chemosensor for Ag+.

A bicyclic cycloadduct bearing a pyrenyl moiety has been
synthesized and investigated as a ratiometric fluorescent sensor

for Ag1+.71 In an aqueous ethanol solution, the presence of silver
ion induces the formation of a 1:2 metal-ligand complex, which
exhibits a strong intensity enhancement of the pyrene excimer
emission at the expense of the emission of monomeric pyrene.

New fluorescent chemosensors, 1,8-bis(pyrazolylmethyl) an-
thracene and 9,10-bis(pyrazolylmethyl)anthracene, were synthe-
sized.72 The 1,8-isomer showed selective fluorescence quenching
effects with Ag+ and Cu2+. However, the 9,10-isomer displayed a
selective fluorescence quenching effect only with Ag+.

Coumarins are a group of strongly fluorescent dyes that are
sparsely used as efficient chemosensors for transition-metal ions.

A new coumarin based fluorophore having a piperazine moiety
as the photoinduced electron transfer (PET) switch was prepared,
and its photophysical properties were studied in various solvents
and under different PH values.72 The solvatochromic shift in the
fluorescence spectrum revealed an increase in the dipole moment
in the lowest excited singlet state compared with that in the ground
state. The compound also showed an interesting intramolecular
photoinduced proton transfer phenomenon in the excited state under
neutral pH. It was effectively utilized as a new CHEF-based
chemosensor for zinc and nickel ions in water.

A coumarin azine derivative, 3,3′-hydrazine-1,2-diylidenebis-
(methan-1-yl-1-ylidene)bis(7-(diethyl amino)-2H-chromen-2-one)
(ligand 1), was synthesized and characterized.73 It was used as a
colorimetric chemosensor for Hg2+. The absorption maximum of
ligand 1 shows a large red shift from 490 to 565 nm (∆ ) 75 nm)
in the presence of Hg2+. The change in color is very easily observed
by the naked eye, whereas other metal cations, such as Fe2+, Co2+,
Ni2+, Zn2+, Cd2+, Cu2+, Fe3+, Ag+, Pb2+, alkali metal, and alkaline
earth metal cations, do not induce such a change.

Coumarin derivatives possess a wide range of applications
as anticoagulant,74 antitumor,75 photosensitizer,76 anti-HIV,77

antimicrobial,78 and antiflammatory agents.79 Coumarin deriva-
tives have been linked to other molecules in gene expression
studies80 as well as in salmonella detection.81 Coumarin deriva-
tives are also currently used as fluorogenic dyes in proteomics.82

Fluorescence enhancement is gaining increased analytical
importance. It allows the use of small quantities of reagents. It
also minimizes the background signal and increases selectivity.83

Different mechanisms of fluorescence enhancement have been
proposed. One possible mechanism relies on the lone pair
electrons, which normally participated in the fluorescence self-
quenching of certain fluorophores. The transfer of these electrons

TABLE 2: Energy of Activation for Hg2+-Coumarin
Complexes

sample
Ea

(kJ/mol)

correlation
coefficient

(r)

standard
deviation

(SD)

I 56.64 0.99850 0.03621
II 58.01 0.99873 0.03535
III 59.87 0.99917 0.02898
IV 57.28 0.99979 0.01408

TABLE 3: Energy of Activation for Ag+-Coumarin
Complexes

sample
Ea

(kJ/mol)

correlation
coefficient

(r)

standard
deviation

(SD)

I 102.42 0.99925 0.04776
II 109.42 0.99928 0.05031
III 110.38 0.99891 0.06159
IV 107.55 0.99979 0.02611

TABLE 4: (a) First-Order Rate Constants k (s-1) for
Hg2+-Coumarin Complexes at Different Temperatures and
(b) Activation Parameters for Hg2+-Coumarin Complexes

(a)

sample k (×10-3) s-1

temperature

20 °C 25 °C 30 °C 35 °C 40 °C

I 2.89 4.08 6.07 8.36 12.84
II 2.85 3.97 6.11 8.70 13.13
III 2.72 4.13 5.82 8.69 13.13
IV 2.83 4.11 6.13 8.70 12.77

(b)

sample
∆Ea

(kJ/mol)
∆H#

(kJ/mol)
∆G#

(kJ/mol)
∆S#

(J/mol K)

I 56.64 54.13 86.80 -107.80
II 58.01 55.50 86.79 -103.20
III 59.87 57.36 86.82 -97.20
IV 57.28 54.77 86.79 -105.70

TABLE 5: (a) First-Order Rate Constants for
Ag+-Coumarin Complexes at Different Temperatures and
(b) Activation Parameters for Ag+-Coumarin Complexes

(a)

sample k (×10-4) s-1

temperature

20 °C 25 °C 30 °C 35 °C 40 °C

I 3.13 6.43 12.83 26.12 53.10
II 3.18 6.42 12.73 28.25 56.68
III 3.08 6.35 12.23 25.83 56.30
IV 3.13 6.43 12.83 26.12 53.10

(b)

sample
∆E

(kJ/mol)
∆H#

(kJ/mol)
∆G#

(kJ/mol)
∆S#

(J/mol K)

I 102.42 99.91 90.67 35.00
II 109.42 106.91 90.55 54.00
III 110.38 107.87 90.64 56.90
IV 107.55 105.04 90.62 47.60
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to the surface plasmon field results in artificial fluorescence
enhancement.84 In addition to the electromagnetic (EM) en-
hancement, there is a chemical enhancement because of
molecule-metal electronic transitions modifying the molecular
level structure and transition moments.85

In the present article, we report a series of coumarin thiourea
derivatives that undergo selective fluorescence enhancement
upon complexation with Hg2+and Ag+ ions. The present series
of chemosensors can be easily prepared, and this is advantageous
because complicated or time-consuming synthesis may limit
chemosensors applications.

The fluorescence of compounds I-IV is also remarkably
enhanced by silver nanoparticles. Enhanced fluorescence criteria
of these coumarin derivatives would be of significant importance
in many biological, medical, and chemical fields.

Experimental Section

Steady-state emission spectra were measured using a Shi-
madzu RF 510 spectrofluorophotometer. The fluorescence
spectra were not corrected for machine response. The UV-visible
absorption spectra were measured using a Shimadzu UV-160A
spectrophotometer connected to a Haake Ultrathermostat.

Mercuric acetate (CH3COO)2Hg (99.999%) and silver nitrate
(AgNO3) (99.999%) were purchased from Aldrich. Trisodium
citrate salt (C6H5O7Na3 ·2H2O, 95%) was purchased from Fluka.

The complexes are formed by mixing 1 mL of 10-4 M of
Hg2+ or Ag+ and 1 mL of 10-4 M coumarin derivative in
methanol and then making up to the mark with methanol in 10
mL volumetric flasks.

Silver nanoparticles were prepared by the citrate reduction
of AgNO3.86 An aqueous solution of AgNO3 (1 mM, 125 mL)
was heated until it began to boil, and then 5 mL of a 1%
trisodium citrate solution (as nucleating and reducing agent) was
added quickly, which resulted in a change in solution color to
pale yellow. After the color change, the solution was removed

Figure 1. (a) Fluorescence emission spectra of coumarin (10-5 M) in the presence of different concentrations of Hg2+ at increasing intensities of
(0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, and 0.45) × 10-5 M at λex ) 333 nm and λem ) 488 nm. Emission intensities were measured after
30 min of mixing. (b) Calibration curve using constant concentration of I ) 1.0 × 10-5 M in the presence of different concentrations of Hg2+ )
(0.05 to 0.45) × 10-5 M at λex ) 333 nm and λem ) 488 nm. Emission intensities were measured after 30 min of mixing.
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from the heating element and stirred until it cooled to room
temperature. A typical solution of 60-80 nm diameter silver
particles that exhibited a characteristic surface plasmon band
centered at 420 nm was obtained.

Thiourea derivatives (I-IV) were prepared87 starting with
4-methyl-7-hydroxy-8-nitrocoumarin. A mixture of 4-methyl-
7-hydroxy8-nitrocoumarin (22.1 g; 0.1 mol) was refluxed with
anhydrous potassium carbonate (27.6 g; 0.2 mol) and ethyl
iodide (23.6 mL; 0.4 mol) in dry acetone (300 mL) with
continuous stirring for 15 h and then cooled, filtered, and washed
with acetone. The combined filtrate and wash was concentrated
and the separated solid was filtered and washed with water and
then crystallized from ethanol to give 7-ethoxy-4-methyl-8-
nitrocoumarin 179° (90%). A suspension of the nitrocoumarin
(10 g) and stannous chloride dihydrate (40 g) in 95% ethyl
alcohol (40 mL) and HCl (120 mL) was boiled for 5 min to
give a clear solution. The separated crystals obtained after
cooling were filtered, suspended in water, and treated with
NaHCO3. The yellow solid separated was filtered, extracted with
hot isopropanol, and concentrated in vacuum, and the separated
shiny yellow crystals were filtered and recrystallized from
ethanol to give 8-amino-7-ethoxy-4-methyl-coumarin (7.4 g;
mp 127-128° (80%)).

We obtained 8-alkylthiourido 7-ethoxy-4-methyl coumarins
(I-IV) by heating a solution of the amine (2.2 g; 0.01 mol in

20 mL of ethanol) with the appropriate isothiocyanate derivative
(0.01 mol) in alcohol with stirring for 6 h. The product was
concentrated and filtered. The separated solid was recrystallized
from ethanol to give the desired compound.

Results and Discussion

The addition of Hg2+ to a methanolic solution of coumarin
derivative (I) results in the appearance of a new fluorescence
band at ca. 488 nm with subsequent quenching of the emission
band at ca. 380 nm (Figure 1a). The buildup of the emission
band shows a linear relation with the concentration of Hg2+

(Figure 1b). No fluorescence enhancement at 488 nm was
observed with metal ions Fe3+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+,
La3+, and Ce3+.

The molar ratio method studies reveal a two-stage complex-
ation process between Hg2+ and coumarin derivatives I-IV.
Figure 2a shows the buildup of fluorescence band at 488 nm
upon complexation between I (constant concentration) and Hg2+

(variable concentrations). Two enhancement criteria are obtained
at Hg2+/coumarin molar ratios 1:2 (enhancement factor of about
3) and a molar ratio 1:1 (enhancement factor of about 5). We
confirmed this by plotting enhanced fluorescence versus
[I]/[Hg2+] molar ratio in which enhancement criteria are obtained
at [I]/[Hg2+] molar ratios of 1 and 2 (Figure 2b).

Figure 2. (a) Molar ratio plot of fluorescence intensities of Hg2+/coumarin derivative I complex. The concentration of I was kept constant at 1.0
× 10-5 M in methanol, and we varied the ratio [Hg2+]/[I] by continuously varying [Hg2+] in the range of (0.1 to 1.5) × 10-5 M at λex ) 333 nm
and λem ) 488 nm. Emission intensities were measured after 30 min of mixing. (b) Molar ratio plot of fluorescence intensities of the coumarin
derivative I/Hg2+ complex. The concentration of Hg2+ was kept constant at 1.0 × 10-5 M in methanol, and we varied the ratio [I]/[Hg2+] by
continuously varying [I] in the range of (0.1 to 1.5) × 10-5 M at λex ) 333 nm and λem ) 488 nm.
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Similar behaviors are displayed by derivatives II-IV. At 1:1
molar ratio, fluorescence enhancements by factors up to 12 times
are achieved.

The fluorescence enhancement is both time- and temperature-
dependent, and this is consistent with ground-state complex
formation.

Figure 3a shows the first-order kinetic plot of ln(I∞ - It)
versus time for Hg2+-I at different temperatures. From the
slopes, the Arrhenius plot was obtained (Figure 3b), from which
the energy of activation for the complexation process was

obtained as 56.64 kJ mol-1. Derivatives II-IV show similar
behavior with Hg2+ giving activation energies of 58.01, 59.87,
and 57.28 kJ mol-1, respectively (Table 2).

The fluorescence of the Hg2+-coumarin thiourea complex
is quenched by water addition. Figure 4 shows the Stern-Volmer
plot for quenching of complex Hg2+-I emission by water
addition. The plot is not linear and is consistent with a static-
type quenching in which water destabilizes the Hg2+-I complex.
Similar behavior is displayed by complexes of derivatives II-IV
with Hg2+.

Figure 3. (a) Rate constants of the formation Hg2+-I complex at 20 (b), 25 (O), 30 (9), 35 (0), and 40 °C (2) upon the addition of [Hg2+] )
1.0 × 10-5 M to [I] ) 1.0 × 10-5 M at λex ) 333 nm and λem ) 488 nm. (b) Arrhenius plot for Hg2+-I complex.

Figure 4. Stern-Volmer plot for the quenching of Hg2+-I complex emission by water. We prepared the complex by mixing 1.0 × 10-5 M of both
[Hg2+] and I methanolic solutions. λex ) 333 nm and λem ) 488 nm. Emission intensities were measured after 30 min of mixing.
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A behavior similar to that of Hg2+ complexation was
displayed: Ag+ metal ion with a much larger time scale of
complexation process.

The addition of Ag+ to a methanolic solution of coumarin
derivative (I) results in the appearance of a new fluorescence
band at ca. 488 nm with subsequent quenching of the emission
band at ca. 380 nm (Figure 1a). The buildup of the emission
band shows a linear relation with the concentration of Ag+

(Figure 5b).

Maximum fluorescence enhancement is achieved in 1:1 Ag+/I
molar ratio. This is shown in Figure 6. Similar behaviors are
displayed by derivatives II-IV. At 1:1 molar ratio, fluorescence
enhancements by factors up to seven times are achieved. This
behavior is different from that of Hg2+ ions, which binds to
two coumarin derivative molecules.

The fluorescence enhancement is both time- and temperature-
dependent, and this is consistent with ground-state complex
formation.

Figure 5. (a) Fluorescence emission spectra of coumarin (10-5 M) in the presence of different concentrations of Ag+ at increasing intensities of
(0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, and 0.45) × 10-5 M at λex ) 333 nm and λem ) 488 nm. Emission intensities were measured after
70 min of mixing. (b) Calibration curve using constant concentration of I ) 1.0 × 10-5 M in the presence of different concentrations of Ag+ )
(0.05 to 0.45) × 10-5 M at λex ) 333 nm and λem ) 488 nm. Emission intensities were measured after 70 min of mixing.

Figure 6. Fluorescence intensity as a function of molar ratio [Ag+]/I at λex ) 333 nm and λem ) 488 nm. The concentration of I ) 1.0 × 10-5

M in MeOH and the concentrations of Hg2+were varied from (0.1 to 1.5) × 10-5 M. Emission intensities were measured after 70 min of mixing.
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Figure 7a shows the first-order kinetic plot of ln(I∞ - It)
versus time for Ag+-I at different temperatures. From the
slopes, the Arrhenius plot was obtained (Figure 7b), from which
the energy of activation for the complexation process was
obtained as 102.42 kJ mol-1. Derivatives II-IV show behavior
similar to that of Hg2+, giving activation energies of 109.42,
110.38, and 107.55 kJ mol-1, respectively (Table 3).

The fluorescence of the Ag+-I complex is quenched by water
addition. Figure 8 shows the Stern-Volmer plot for quenching
of complex Ag+-I emission by water addition. The plot is not
linear and is consistent with a static-type quenching in which
water destabilizes the Ag+-I complex. Similar behavior is
displayed by complexes of derivatives II-IV with Ag+.

The energies of activation encountered in Ag+-complex
formation are nearly twice the values in Hg2+-complex formation
(Tables 2 and 3).

The highest activation energy values in both Hg2+-coumarin
and Ag+-coumarin complexes are those with phenyl deriva-
tives. The increased rate of Hg2+-coumarin complex formation
compared with that of the Ag+-coumarin complex is shown
in Figure 9. The increased rates displayed by Hg2+ compared
with Ag+ might be of significance in mixture analysis.

The mechanism of fluorescence enhancement upon selective
complexation can be explained in terms of the role of lone pair
electrons on sulfur and nitrogen atom in the thiourea-linked side
chain. These lone pair electrons play a role in fluorescence
quenching of parent fluorophore.87 When this lone pair electrons
become encountered in metal ion complexation, fluorescence
enhancement occurs. A schematic presentation similar to
previously reported systems84 is given below.

Isokinetic Studies. Table 4a,b gives the rate constants (k,
s-1), enthalpies of activation (∆H#, kJ/mol), free energies of
activation (∆G#, kJ/mol), and entropies of activation (∆S#, J/mol
K) of Hg2+ complexes with derivatives I-IV. A plot of ∆H#

Figure 7. (a) Rate constants of the formation of the Ag+-I complex
at 20 (b), 25 (O), 30 (9), 35 (0), and 40 °C (2) upon the addition of
[Ag+] ) 1.0 × 10-5 M to [I] ) 1.0 × 10-5 M at λex ) 333 nm, and
λem ) 488 nm. (b) Arrhenius plot for the Ag+-I complex.

Figure 8. Stern-Volmer plot for the quenching of Ag+-I complex emission by water. We prepared the complex by mixing 1.0 × 10-5 M of both
[Ag+] and I methanolic solutions. λex ) 333 nm and λem ) 488 nm. Emission intensities were measured after 70 min of mixing.
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versus ∆S# is linear (Figure 10) according to the isokinetic
relationship88

The slope gives the isokinetic temperature T ) 304.58 K. This
temperature is nearly the same as the average experimental
temperature of 303 K.

Table 2a,b gives the rate constants (k, s-1), enthalpies of
activation (∆H#, kJ/mol), free energies of activation (∆G#, kJ/
mol), and entropies of activation (∆S#, J/mol K) of Ag+

complexes with derivatives I-IV. A plot of ∆H# versus ∆S# is
linear (Figure 11) with the slope equal to the isokinetic
temperature, T ) 363.83 K. This temperature is higher than

the average experimental temperature of 303 K, indicating that
the complexation of coumarin derivatives (I-IV) with Ag+ ion
is an enthalpy-controlled reaction. This is verified by the fact
that at the average temperature of 303 K, both enthalpies of
activation (∆H#, kJ/mol) and rate constants have the same trend.

A remarkable and nearly instantaneous fluorescence enhance-
ment of derivatives I-IV was observed upon the addition of
Ag nanoparticles.

About a 14-fold enhancement in fluorescence at 480 nm is
achieved within 2 min of mixing Ag nanoparticles and coumarin
derivative methanolic solutions. Figure 12 shows the time scale
of fluorescence enhancement upon using Ag nanoparticles
compared with Ag+ ions. In the case of Ag nanoparticles, more
enhancement factor is achieved (about 14 fold) compared with

Figure 9. First-order kinetic plots of Ag+-I (b) and Hg2+-I (O) complexes at 20 °C.

Figure 10. Isokinetic relationship plot of ∆H# versus ∆S# with a slope of T.

Figure 11. Isokinetic relationship plot of ∆H# versus ∆S# with a slope of T.

∆H# ) T∆S# + C
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Ag+ ions. The time scale for full-scale enhancement in the case
of Ag nanoparticles is about 20 times shorter than that in Ag+

ions.
The buildup of the enhanced fluorescence band at 489 nm as

a function of Ag nanoparticles addition is shown in Figure 13a.

A linear correlation exists between Ag nanoparticles concentra-
tion in the picomolar (pM) concentration range and the enhanced
fluorescence intensity at 488 nm of I (Figure 13b).

This behavior is of great significance from an analytical point
of view because coumarin derivatives can be linked to biological

Figure 12. Comparison of time course measurement of fluorescence intensity for Ag nanomaterials (O) and Ag+ metal ion (b) -I complex.

Figure 13. (a) Enhanced fluorescence emission of I (10-5 M) as a result of the addition of Ag nanoparticles of concentrations at increasing
intensities of 0.146, 0.292, 0.438, 0.584, 0.73, 0.876, 1.022, 1.168, and 1.314 pM at λex ) 333 nm and λem ) 489 nm. Emission intensities were
measured after 7 min of mixing. (b) Calibration curve for Ag nanoparticles using constant concentration of I ) 1.0 × 10-5 M and different
concentrations of Ag nanoparticles in the range of 0.146 to 1.314 pM at λex ) 333 nm and λem ) 489 nm. Emission intensities were measured after
7 min of mixing.
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molecules, followed by selective fluorescence enhancement by
the addition of silver nanoparticles.

The addition of water quenches the fluorescence of Ag
nanoparticles-coumarin derivatives assemblies. Figure 14
shows the Stern-Volmer plots of fluorescence quenching of
derivative (I) assembly with Ag nanomaterial upon using water
as a quencher. No significant quenching is achieved below a
water percentage of about 20% in methanol. This is also of
analytical significance because aqueous media are of importance
in many biological systems.

The fluorescence quenching induced by water can be ex-
plained according to the role of water as a polar solvent in
stabilizing the polar excited state and thus lowers the transition
momentum to ground state via radiationless transitions.89 A
second mechanism of water quenching is via hydrogen bonding
with nitrogen and sulfur coordination atoms or acting as
replacing ligands that undergo coordination with metal ions at
the expense of coumarin derivatives I-IV.
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