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a b s t r a c t
Nanoparticles of the dominant hematite form (␣-Fe2 O3 ) of iron oxide have been prepared by a simple route of dropping FeCl3 solution into boiling water. The nanoparticles have been characterized
by transmission electron microscopy (TEM), UV–visible electronic absorption spectroscopy, chemical
stoichiometry, thermal analysis methods (TGA, DSC and DTA), XRD, FTIR and magnetic susceptibility measurements. Kinetic analysis of the DSC calorigram of thermal dehydration of the nanoparticles reveals
one stage of the dehydration process of energy of activation of 29.0 kJ mol−1 . The role of iron oxide
nanoparticles in ﬂuorescence quenching of coumarin thiourea derivatives (I–IV) was investigated at room
temperature (296 K) by means of steady-state ﬂuorescence spectroscopy. The quenching process was
characterized by Stern–Volmer (S–V) plots which display a positive deviation from linearity. This could
be explained by static and dynamic quenching models. The positive deviation in the S–V plot is interpreted in terms of ground-state complex formation model and sphere of action static quenching model.
Various rate parameters for the ﬂuorescence quenching process were determined by using the modiﬁed
Stern–Volmer equation. The sphere of action static quenching model agrees very well with experimental
results. Quenching constants for iron oxide nanoparticles are about four orders of magnitudes higher
than quenching by Fe3+ ions.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Nanoparticles of iron oxides and their suspensions have extensive applications in magnetic sealing, oscillation damping, position
sensing [1] ultra high density magnetic storage media [2], clinical
diagnosis and treatment [3], biological labeling, tracking, imaging,
detection, and separations [4]. Their characteristics depend significantly on particle size, particle morphology and size distribution.
Hematite, the most stable iron oxide, is of scientiﬁc and technological importance as a catalyst, pigment, ion exchanger, magnetic
material, lithium-ion battery component and gas sensor [5–9].
Hematite is an antiferromagnetic semiconductor, the color of which
varies with particle size and aggregation form [10]. The electrical
properties of hematite can be widely modiﬁed with some impurities [11]. Further, it is a starting material for the magnetic iron
oxides used in magnetic recording tapes [12].
Some studies have been carried out on the preparation of
monodisperse ␣-Fe2 O3 particles using a two-step hydrolysis of
dilute FeCl3 aqueous solution [13]. The ﬁrst step is the hydrolysis of
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FeCl3 solution at 70–90 ◦ C, which provided ␤-FeOOH colloidal suspension, and the second step is the transformation from ␤-FeOOH
at 100–120 ◦ C via a dissolution and recrystallization process. Partial neutralization with NaOH solution promotes the hydrolysis
of highly concentrated FeCl3 solutions. The particle size of ␣Fe2 O3 can be controlled by neutralization degree, and it decreases
with decreasing the electrolyte concentration. Forced hydrolysis
of Fe3+ solutions involves hydrolyzing Fe (NO3 )3 , Fe (ClO4 )3 or
FeCl3 solutions at a temperature close to 100 ◦ C under strongly
acidic conditions. If hematite is prepared from Fe (NO3 )3 or Fe
(ClO4 )3 , it forms Fe3+ hydroxyl species [14], whereas, if hematite is
prepared from FeCl3 , akaganeite may be an intermediate product
which then transforms in situ to hematite [15]. Hematite production by transformation of ferrihydrite starts with the precipitation
of ferrihydrite which is then converted into hematite in aqueous
suspension by a short-range crystallization process within the ferrihydrite aggregates. This transformation takes place under weakly
acid to weakly alkaline conditions and requires the presence of
some water within the ferrihydrite aggregates [16].
The acicular hematite particles are formed as products of
hydrothermal transformation of suspensions of amorphous iron
(III) hydroxide in water at temperatures above 100 ◦ C in an autoclave in the presence of chelating agents, e.g. citric acid, tartaric
acid or 1-hydroxyethyl-1,1-diphosphonic acid [17]. The mechanical
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Scheme 1. The molecular structure of coumarin thiourea derivatives (I–IV).

dehydration of ␥-FeOOH leads to different products if the process
is carried out by dry grinding (conversion to hematite) [18]. A thermally induced dehydration can either be a direct transformation
from goethite to hematite [19,20], or a transformation with the
formation of an intermittent super structure phase called protohematite or hydro hematite before formation of hematite [21–24].
A simple method was described [25] for the preparation of colloidal iron oxide by dropwise addition of FeCl3 aqueous solution to
boiling water. A reddish colloidal solution of hydrated iron oxide
was obtained that is indeﬁnitely stable. The ferric oxide particles
thus prepared are surrounded by Fe3+ ions that hold the insoluble
␣-Fe2 O3 particles in suspension. This explains the positive charge
on the colloidal particles. The characterization of such colloidal system is useful due to its potential importance in various chemical
and medical ﬁelds.
The ﬂuorescence quenching of organic molecules including
coumarin and its derivatives in solution by various quenchers like
carbon tetrachloride, acetone, aromatic hydrocarbons, fullerene,
aniline, aromatic amines, halide ions, methylene bromide,
haloalkanes, chloromethane, etc. has been studied by several
investigators [26–42] by steady-state and transient methods. The
quenching of organic ﬂuorophores by nanoparticles is thought to
arise from dynamic quenching [43–45], both dynamic and static
mechanisms are involved in the quenching [46–48]. The quenching mechanism is important not only in physical science, but also
in chemical, biological, and medical sciences.
The general chemical structure of coumarins consists of a benzene moiety fused to ␣-pyrone rings and most of them have
a very efﬁcient ﬂuorescing ability. Coumarin derivatives possess
a wide range of applications as anticoagulants [49], antitumor
agents [50], photosensitizers [51], anti-HIV agents [52], antimicrobial agents [53], chemosensors [54], and anti inﬂammatory agents
[55]. Coumarin derivatives have been linked to other molecules
in gene expression studies [56] as well as in salmonella detection
[57]. Coumarin derivatives are also currently used as ﬂuorogenic
dyes in proteomics [58]. Due to the interesting properties associated with coumarins, we undertook the ﬂuorescence studies of
newly synthesized coumarin thiourea derivatives (Scheme 1). In
the present study we have used steady state ﬂuorescence to investigate quenching of coumarin thiourea derivatives (I–IV) by hydrated
iron oxide nanoparticles to understand the nature of the quenching
mechanism.

The solute coumarin thiourea derivatives (I–IV) were freshly
synthesized using standard method [59]. Iron chloride (FeCl3 , 99%)
was purchased from Fluka. Methanol was purchased from Fluka.
Poly (ethylene glycol) was obtained from Aldrich. Double-distilled
water was used throughout this study.
Steady-state emission spectra were measured using a Shimadzu
RF 510 spectroﬂuorophotometer connected to a Haake Ultrathermostat (Julabo F10) of temperature precision ±0.1 ◦ C using
a rectangular quartz cell of dimensions 0.2 cm × 1 cm to minimize the reabsorption. UV–vis absorption spectra were measured
using a Shimadzu UV-160A spectrophotometer. Thermogravimetric analysis (TGA) was carried out under dynamic ﬂow of nitrogen
(30 ml/min) and a heating rate of 20 ◦ C/min using a Shimadzu TGA50 thermoanalyzer. DSC measurements were made in a nitrogen
atmosphere (rate ﬂow 30 ml/min) and heating rate of 10 ◦ C/min
using a Shimadzu DSC-50 Differential Scanning Calorimeter. Differential thermal analysis was carried out under dynamic ﬂow
of nitrogen gas (30 ml/min) and a heating rate of 10 ◦ C/min up
to 800 ◦ C using a Shimadzu DTA-50. Simultaneous DTA–TGA runs
were recorded using a Shimadzu DTG-60H apparatus. Kinetic analysis of the DSC calorigrams was conducted according to Thomas
and Clarke [60]. X-ray diffraction analysis was carried out using
a Philips PW 1390 X-ray diffractometer using copper target with
Nickel ﬁlter. Each sample was subjected to X-ray analysis under
working conditions of 40 kV and 20 mA. All the difractograms
were investigated in the 2 values in the range of 5–70◦ at room
temperature. Fourier transform infrared (FTIR) spectroscopy was
recorded on a Perkin-Elmer 1430 spectrophotometer in the range
of 4000–400 cm−1 . The FTIR spectra were recorded at room temperature in KBr pellets. The nanoparticle size and morphology
were analyzed either by a transmission electron microscope (TEM),
JEOL-JEM 1230, operating at an accelerating voltage of 120 kV or
a Philips CM20 electron microscope operating at an accelerating
voltage of 200 kV. A drop from aqueous suspension of solution was
deposited on a ground piece of mesoporous silica or amorphous
carbon–copper grid and left to evaporate at room temperature.
Magnetic susceptibility at room temperature has been measured
using a Bartington susceptibility-meter MS2B equipped with a dual
frequency sensor that accepted 10 cm3 samples in standard plastic
pots. The calibration sample is provided by the manufacturer, and
is normally a sample containing small ferrite beads.
2.2. Experimental procedures
2.2.1. Synthesis of iron oxide nanoparticles
A solution of 0.1 M FeCl3 (15 ml) was added drop by drop
to 100 ml of vigorously stirred boiling distilled water. The color
changed from yellow (FeCl3 solution) to red and upon excess addition of 0.1 M FeCl3 the color turned to dark red. The resulting
solution was heated to reﬂux and kept at that temperature for
30 min. The solution was then cooled to room temperature. Such
colloidal solution can exist indeﬁnitely without signs of precipitation. However, a reddish-brown precipitate was obtained upon
dropping concentrated solution of sodium hydroxide.
2.2.2. Titrimetry of hematite
Accurately weighed amount (100 mg) of hematite was dissolved
in 3 ml conc. HCl, diluted to 50 ml with distilled water. The pH of
the solution was adjusted to 2–3 with a solution of NaOH, ﬁve drops
of thiocyanate indicator where added (thiocyanate ion gives a red
to colorless end point). The solution was titrated against 0.05 M

400

A.S. Al-Kady et al. / Spectrochimica Acta Part A 83 (2011) 398–405
Table 1
Stoichiometric analysis of iron oxide nanoparticles.

Fig. 1. TEM photograph of iron oxide nanoparticles.

ethylenediamine tetraacetic acid; EDTA solution (1.86 g/100 ml
water). Each 1 ml of 0.05 M EDTA is equivalent to 2.793 mg Fe3+ .
2.2.3. Iron oxide nanoparticles as ﬂuorescence quencher
The quenching of coumarin thiourea derivatives (I–IV) was studied using iron oxide nanoparticles as quencher. 1 ml of 5 × 10−5 M
coumarin thiourea solution was mixed with the appropriate volume of iron oxide nanoparticles solution as quencher and the
solution was made to the mark with methanol in 10 ml volumetric
ﬂasks.
3. Results and discussion
3.1. Characterization of iron oxide nanoparticles
3.1.1. Transmission electron microscopy (TEM)
The particle size and morphology were analyzed by transmission electron microscopy (TEM). Fig. 1 shows the TEM image of iron
oxide nanoparticles that conﬁrms the nanoscale dimension of the
prepared particles and shows that the particles have an average
diameter of about 6 nm.
3.1.2. UV–vis electronic absorption spectroscopy
Fig. 2 shows the absorption spectrum of different concentrations
of a 6 nm diameter iron oxide nanoparticles aqueous solutions.
The spectra show a characteristic absorption band centered at ca.
405 nm.
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Fig. 2. Absorption spectra of iron oxide nanoparticles aqueous solutions of concentrations (a) 4.2, (b) 9.2 and (c) 17.7 nM.

Iron oxide sample

End point (ml)

Weight of Fe3+ (mg)

% Fe3+

Dried at room
temperature

18.8
17.0
18.1
16.0

52.5
47.5
50.3
44.7

52.5
47.5
50.3
44.7

Dried at 160 ◦ C for 1 h

25.0
24.9
24.9
24.8

69.8
69.6
69.6
69.3

69.8
69.6
69.6
69.3

3.1.3. Titrimetry studies
The titrimetry of iron oxide product was determined by chemical estimation of Fe3+ using EDTA. The data of four different batches
of hematite samples dried at room temperature and at 160 ◦ C for
1 h are shown in Table 1. Samples dried at room temperature show
varying percentages of Fe3+ due to variation in concentration of
water of hydration. Samples dried at 160 ◦ C, show a constant percentage of iron at about 69.6%. This value is nearly the same as the
theoretical percentage of iron in hematite; ␣-Fe2 O3 of 70%.
3.1.4. Thermoanalytical techniques
Fig. 3a shows the differential scanning thermogram of iron oxide
nanoparticles dried at room temperature. A single endothermic
peak starting from room temperature up to 200 ◦ C is obtained from
which Arrhenius plot was constructed (Fig. 3d). Kinetic analysis
of the DSC thermogram reveals one stage of the dehydration process of energy of activation of 29.0 kJ mol−1 (Table 2). As-prepared
sample heated up to 160 ◦ C in a DSC pan does not show an endothermic peak when rescanned immediately (Fig. 3b) but shows an
endothermic peak when rescanned after leaving for 24 h in ambient atmosphere (Fig. 3c). During this time the sample is believed to
absorb water from atmosphere. The enthalpy of activation (H# ),
free energy of activation (G# ) and entropy of activation (S# ) of
the dehydration process were determined from Eyring’s equation
(1) and presented in Table 2.
ln

k
T

= ln

k 
B

h

+

H # 1
S #
−
R
R T

(1)

where k is the reaction rate constant, T is the absolute temperature, H# is the enthalpy of activation, R is the gas constant, kB is
the Boltzmann constant, h is the Planck’s constant and S# is the
entropy of activation. The plot of ln k/T versus 1/T gives a straight
line with slope −H# /R from which the enthalpy of activation
can be derived and with intercept ln kB /h + S# /R from which the
entropy of activation is derived.
It is interesting to note that Ea values are higher than those
for diffusion-controlled reactions (10–21 kJ mol−1 ) [61]. Therefore,
they are characteristic of a chemical reaction rather than a diffusion
controlled process. Further scrutiny of Table 2 reveals consistent
large and negative values for entropies of activation (S# ). This
implies a highly ordered transition state (i.e. tight transition state)
in the course of the dehydration process.
The two proposed dehydration stages are clearly shown by
derivative thermogravimetric (DrTGA) curves. A total mass loss of
about 7% was observed and this loss is predominantly in the temperature range 40 and 140 ◦ C and a negligibly small (<1%) mass loss
was observed when heated to 600 ◦ C. The observed mass loss is due
to loss of water of hydration of iron oxide nanoparticles (Fig. 4).
Differential thermal analysis (DTA) curves show two endothermic
peaks in the temperature range 25–125 ◦ C (Fig. 5).
3.1.5. X-ray diffraction (XRD) patterns
The phase and purity of the synthesized iron oxide nanoparticles were examined by X-ray diffraction technique. Fig. 6 shows
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Fig. 3. (a) Differential scanning thermogram of as-prepared iron oxide nanoparticles dried at room temperature. (b) Differential scanning thermogram of iron oxide nanoparticles dried at 160 ◦ C and rescanned immediately. (c) Differential scanning thermogram of iron oxide nanoparticles dried at 160 ◦ C and rescanned after waiting for 24 h. (d)
Arrhenius plot extracted from differential scanning thermogram of iron oxide nanoparticles dried at room temperature.

Table 2
Activation parameters extracted from differential scanning thermograms of as-prepared iron oxide nanoparticles.
Sample

Ea (kJ mol−1 )

H# (kJ mol−1 )

G# (kJ mol−1 )

S# (J/mol K)

Correlation
coefﬁcient (r)

Standard
deviation (SD)

As-prepared samples dried at
room temperature

29.0

26.25

84.61

−179.80

0.99807

0.07787

XRD pattern of iron oxide nanoparticles dried at room temperature. The peaks at 2 = 32◦ , 35◦ , 40◦ and 50◦ are due to hematite
dominant phase [22,24,62]. Some of the intense peaks with h k l
planes 0 1 2, 1 0 4, 1 1 0, 1 1 3, 0 2 4 and 1 1 6 of hematite was
compared and matched well with the data reported by Schwertmann [14]. All the peaks can be readily indexed to hexagonal

phase of ␣-Fe2 O3 . No other phase was observed in the synthesized
iron oxide nanoparticles, which indicates the high purity of the
sample.
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Fig. 5. DTA thermogram of as-prepared iron oxide nanoparticles.
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3.1.6. Fourier transform infrared (FTIR) spectrophotometry
The FTIR spectrum of as-prepared iron oxide nanoparticles
is shown in Fig. 7, which conﬁrms the high purity of the sample. The main characteristic peaks of iron oxide nanoparticles are
assigned in Table 3. The band at 3420 cm−1 is assigned to adsorbed
water which also gives rise to the stretching mode of hydroxyl at
3217 cm−1 and the bending mode of hydroxyl at 1640 cm−1 . Other
bands are as follows: 630 cm−1 and 570 cm−1 for Fe–O stretching
mode of hematite and 468 cm−1 for lattice mode of FeO6 [63,64].
3.1.7. Magnetic susceptibility
Magnetic susceptibility () of iron oxide at room temperature
was measured as  = 103 × 10−5 m3 kg−1 indicating ferromagnetic
properties of the synthesized iron oxide nanoparticles.
3.1.8. Lyophilization of iron oxide nanoparticles
When the aqueous solution of iron oxide nanoparticles was
lyophilized, it gave an extremely deliquescent product that turns
Table 3
FTIR band assignment for iron oxide nanoparticles.
Wavenumber (cm−1 )

Assignment

3420
3217
1640
630, 570
468

 (H–O–H)
 (O–H)
ıbend –OH
Fe–O stretching ( Fe–O ) mode of hematite
FeO6 lattice

Fig. 8 shows the quenching ﬂuorescence spectra of coumarin
thiourea derivative I in the presence of variable concentrations of
iron oxide nanoparticles in methanol/water (1:1) by volume. The
ﬂuorescence emission of sample I exhibits maximum at 376 nm
upon excitation at 330 nm. The following observations were made:
(i) the shape and band maxima of absorption and ﬂuorescence
spectra remain unchanged, (ii) no other emission band of the
ﬂuorophore towards red is noticed and (iii) absorbance of the ﬂuorophore does not change during the course of the experiment.
The
above
observations
suggest
that
(i)
the
ﬂuorophore–quencher interaction does not change the absorption
and ﬂuorescence spectral properties, (ii) the formation of any
emissive exciplex may be discounted, and (iii) there is no observable photochemical reaction between ﬂuorophore and quencher.
Similar behavior is displayed by coumarin thiourea derivatives
(II–IV) with variable concentrations of iron oxide nanoparticles.
The dynamic process in which quenching mechanism is mainly
due to collision is governed by the linear Stern–Volmer equation
[65]:
I0
= 1 + KSV [Q ]
I

(2)

where I0 and I are steady state ﬂuorescence intensities in the
absence and presence of quencher, respectively; KSV is the
Stern–Volmer quenching constant and [Q] is the concentration
of quencher. The Stern–Volmer plots obtained by using experimentally determined values of I0 and I are found to be nonlinear
showing positive deviation and are shown in Fig. 9. Similar experimental results were also observed by others [31,66–69]. The
positive deviation from linearity suggests that the quenching is
not purely dynamic, and hence it may be due to the simultaneous
presence of dynamic and static quenching.
In order to see whether ground-state complex is partly/purely
playing a role, one can use the extended S–V equation [70] as
I0
= 1 + (KSV + Kg )[Q ] + (KSV Kg )[Q ]2
I
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or
[I0 /I − 1]
= (KSV + Kg ) + (KSV Kg )[Q ]
[Q ]

(3)

where KSV and Kg are the dynamic/(S–V) quenching constant and
ground-state association constant of the complex, respectively.
Our experimental data are ﬁtted to Eq. (3), and using least-square
ﬁt procedure, KSV and Kg have been determined. Fig. 10 shows
the plots of [I0 /I − 1]/[Q] versus [Q], which are straight lines with

intercept (KSV + Kg ) and slope (KSV Kg ). These plots are linear with
correlation coefﬁcient nearly equal to unity. This indicates the
quenching is not purely dynamic, and hence it may be due to
the simultaneous presence of dynamic and static quenching. The
individual values of KSV and Kg calculated from the values of intercepts and slopes were presented in Table 4. From Table 4 one can
see that the value of Kg is much smaller than KSV . The dynamic
quenching constant obtained do not agree well with that obtained
from the lower portion of the S–V plot according to Eq. (2), i.e.
in the low concentration region in the plot of I0 /I versus [Q],
which is nearly linear. Apart from this, there is no shift in the
band maxima of the absorption and emission spectra with different quencher concentrations as shown in Fig. 8a. Hence, the
positive deviation due to ground-state complex formation is discarded in the present case [36,37]. Hence, the analysis of the data
was carried out by employing the sphere of action static quenching
model.
According to this model static quenching occurs if the quencher
molecule is very near to, or, is in contact with the ﬂuorophore at
the exact moment it happens to be excited. This was explained by
the fact that only a certain fraction W of the excited state is actually quenched by the collisional mechanism. Some molecules in
the excited state, the fraction of which is (1 − W), are deactivated
almost instantaneously after being formed; because a quencher
molecule happens to be randomly positioned in the proximity at
the time the molecules are excited and interacts very strongly with
them.

Table 4
Quenching parameters of coumarin thiourea derivatives (I–IV) by iron oxide nanoparticles at room temperature.
Coumarin

KSV a ×108 (M−1 )

KSV b ×108 (M−1 )

Kg c ×108 (M−1 )

KSV d ×108 (M−1 )

Ve ×108 (M−1 )

RY (Å)

RY + RQ (Å)

rf (nm)

I
II
III
IV

9.64
8.59
8.44
8.41

6.61
5.89
5.77
5.70

2.61
2.06
1.87
1.71

6.58
5.95
5.87
5.83

2.45
1.76
1.75
1.71

4.97
5.38
5.72
5.78

34.97
35.38
35.72
35.78

585.43
576.31
574.90
564.27

RQ = 30 Å.
a
S–V quenching constant (dynamic quenching constant) determined (lower concentration of the S–V plot) from Eq. (2).
b
S–V quenching constant (dynamic quenching constant) determined from Eq. (3).
c
Ground-state association constant of the complex determined from Eq. (3).
d
S–V quenching constant (dynamic quenching constant) determined from Eq. (7).
e
Static quenching constant determined from Eq. (5).
f
Radius of sphere of action called as kinetic distance determined from Eq. (6).
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Fig. 11. The plots of [1 − (I/I0 )]/[Q] versus (I/I0 ) for coumarin thiourea derivatives
(I–IV) in methanol/water (1:1) by volume.

(5)

where V is the static quenching constant and it represents an active
volume element surrounding the ﬂuorophore in its excited state.
Frank and Wawilow [73] suggested that the static or instantaneous quenching occurs in a randomly distributed system when a
quencher happens to reside within a sphere of action surrounding
a ﬂuorophore upon its excitation, the volume of such of action is
given by:
(6)

where N is Avogadro’s number and r the radius of sphere of action
called as kinetic distance. As W depends on the quencher concentration [Q], the S–V plots for a quencher with high quenching ability
generally deviate from linearity. Thus, it is worth rewriting Eq. (4)
as
[1 − (I/I0 )]
= KSV
[Q ]

I
I0

+

1−W
[Q ]

2.4

2.8

3.2

2

Io /I

The additional factor W is expressed as:

V
4
= r 3
N
3

2

2.5

(4)

W = e−V [Q ]

1.6

Fig. 12. The plots of ln (W) versus [Q] for coumarin thiourea derivatives (I–IV) in
methanol/water (1:1) by volume.

Numerous quenching models [65,71–73] have been produced to
understand the static or instantaneous quenching process on the
basis of modiﬁed form of the Stern–Volmer equation given as:
I0
1 + KSV [Q ]
=
I
W

1.2

[Iron oxide nanoparticles], nM

(7)

According to Eq. (7), (1 − I/I0 )/[Q] was plotted against I/I0 and the
S–V quenching constant, KSV was obtained by the least-square ﬁt
method determining the slope. The intercept of the plot was used to
calculate the W values for each quencher concentration [Q]. From
the W values, the static quencher constant V was obtained using
Eq. (5). Both procedures are illustrated in Figs. 11 and 12. From the
V values the effective quenching radii were estimated. The results
are reported in Table 4.
The radii of the solute (RY ) and the quencher (RQ ) molecules
were determined by using the additive model of Edward [74] and
are given in Table 4. From these values of RY and RQ , the sum of
the molecular radii, i.e. encounter distance (R = RY + RQ ) is determined. From Table 4, we see that the values of kinetic distance
‘r’ are greater than the encounter distance R. Therefore, according to Andre et al. [75] and Zeng and Durocher [40], the static
effect takes place irrespective of the ground state complex formation provided the reactions are limited by diffusion indicating the
sphere of action model holds well. Further, it may also be noted
that a positive deviation in S–V plot is expected when both static
and dynamic quenching occur simultaneously [66]. The dynamic
quenching component is larger when compared to the static component. The above results suggest that the positive deviation in
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0.8
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[FeCl 3 ] X 10 -4
Fig. 13. Stern–Volmer plot I0 /I versus [Q] of the quenching of 1 × 10−5 M of sample
I by Fe3+ metal ion in methanol/water (1:1) by volume (at decreasing intensities) as
0.00, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1 × 10−4 M. The ﬂuorescence intensities
were monitored at 376 nm, ex = 330 nm.

S–V plots is due to the presence of a small static quenching component in the overall dynamic quenching. It is also found that the
quenching efﬁciences of iron oxide nanoparticles increase as RY of
coumarins decreases.
The quenching of sample (I) was studied using Fe3+ ion as
quencher. S–V plot (Fig. 13) gives S–V quenching constant KSV of
1.22 × 104 M−1 . The values of S–V quenching constants for iron
oxide nanoparticles (Table 4) are more than four orders of magnitudes higher than quenching by Fe3+ ion. The fact that smaller
particles of iron oxide nanoparticles are efﬁcient quenchers of
molecular ﬂuorescence is an important ﬁnding and this is due to
higher surface to bulk atom ratio of the smaller particles. As, the ﬂuorescence intensity is related to the concentration of the quencher.
Therefore, the quenched ﬂuorophore can serve as an indicator for
quenching agent.
4. Conclusion
In this study, iron oxide nanoparticles were prepared by a simple
route of dropping FeCl3 solution into boiling water. The resulting nanoparticles were characterized by TEM, UV–vis electronic
absorption spectroscopy, chemical stoichiometry, thermal analysis
methods (TGA, DSC and DTA), XRD, FTIR and magnetic susceptibility measurements. The quenching mechanism of coumarin
thiourea derivatives with iron oxide nanoparticles was also discussed. The S–V plots show positive deviation indicating efﬁcient
ﬂuorescence quenching. The positive deviation from linearity suggests that the quenching is due to the simultaneous presence
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of dynamic and static quenching. As a result of the remarkable quenching of the ﬂuorescence intensity of coumarin thiourea
derivatives in the presence of iron oxide nanoparticles, it is possible
for coumarin thiourea derivatives to directly sense and detect iron
oxide nanoparticles by ﬂuorescence intensity.
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