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Development of a new chemosensor is challenging, because it has to deliver sensitiveness, selectiveness,
reproducibility, robustness, and the least number of interfering analytes. In this sense coordination chemistry can
offer an attractive approach to the problem. Diethyl 2-(9-fluorenyl) malonate (DEFM) was found to be an effi-
cient fluorosensor for Fe®* ions in ethanolic solutions, showing fluorescence quenching of 99% in the concen-
tration range of 0.1-1.0 pmol L™, and most importantly, with no effect of interfering ions. Theoretical

calculations supported photoelectron transfer (PET) mechanism to explain the fluorescence suppression
observed. The method passed several analytical tests and showed the limit of detection and the limit of quan-
tification at 15.56 and 51.85 nmol L™}, respectively. The sensor passed a series of analytical tests and proved to
be an attractive low-cost approach for Fe>* quantification in ethanol fuel.

1. Introduction

Iron is an essential element. According to the World Health Orga-
nization, it is found in levels from 0.5 to 50 mg L ™! at natural waters [1].
The minimum daily requirement for iron ranges from about 10 to 50
mg/day [1]. A healthy adult has 40 to 160 mg of iron in their blood,
indexes above or below this are a warning sign. Despite this importance,
excess or deficiency of iron in specific types of cells or organs can cause
serious health problems, such as anemia, cirrhosis, diabetes, chronic
fatigue, and osteoporosis.

Another interesting aspect about iron is related to the use of ethanol
as a fuel in automobiles because it is considered an undesired inorganic
contaminant [2]. From the point of view of the quality of fuel ethanol,
metal ions are considered inorganic contaminants in any concentration,
since metallic species can accelerate the corrosion of engines or promote
the formation of gums and sediments. However, there are specifications
on ions such as iron (5 mg / kg), copper (0.07 mg / kg), sodium (2 mg /
kg), chloride (1 mg / kg) and sulfate (4 mg / kg) that can be observed in
quality control resolutions for fuel ethanol from regulatory agencies
such as ANP (Brazilian agency), which makes it mandatory to determine
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the levels of these ions within their maximum allowed limits [3].

Iron can be inserted in this organic matrix through the steps involved
in ethanol production or the storage phase [2-4]. Despite being found in
low concentrations, the presence of metal ions can compromise the good
performance of the engines, especially those powered by ethanol-
gasoline mixture, due to the formation of gums (insoluble solids) by
peroxidation processes of hydrocarbons present in gasoline; or oxidative
processes of engine components, leading to possible exhaust gas emis-
sions such as carbon monoxide, one of those responsible for the aggra-
vation of the greenhouse effect [5]. The selective and sensitive
identification of iron has been of interest to many researchers, and
several detections and quantification methods have been developed, for
example, voltammetric, fluorimetric, and ICP-OES measurements
[6-10]. Fluorimetric protocols have played an important role in the
detection of metal ions due to their simplicity and high sensitivity
[11-16]. Fluorescent sensors for Fe>™ have been continuously devised
[17-20] but, so far, easy-to-make chemosensors, with a low limit of
detection and extensive work range are limited, and hence are still an
analytic challenge.

Fluorene and its derivatives are rigid aromatic molecules that
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fluoresce in the ultra-violet region with high quantum yield and, owing
to their numerous applications, have been the topic of studies for a long
time [21-25]. However, fluorene-derivatives that act as selective fluo-
rescent chemosensors for the detection of metal ions, including Fe3,
together with statistical tests of the detection methods, are not often
reported [26-31]. In this context, this work presents the investigation of
a turn-off chemosensor based on a fluorescent fluorene derivative
(diethyl 2-(9-fluorenyl)malonate, DEFM, see Scheme 1) for detection of
Fe3". The structural simplicity and undemanding preparation of DEFM,
together with the fact that this molecule has never been reported as a
fluorescent sensor, are noteworthy.

Density functional theory (DFT and TD-DFT) calculations were car-
ried out and afforded a plausible explanation for the sensing mechanism.
Also, wide analytical parameters such as a calibration curve, limits of
detection and quantification, as well as, repeatability, intermediate
precision, robustness, and recovery testes confirmed the good applica-
bility for this chemosensor for Fe3*, compared to similar systems of
chemosensors [32-40]. Moreover, works that employed wide analytical
tests are rare in literature, making this work more applicable in real
systems.

2. Experimental section
2.1. Chemicals and materials

The chemicals are from Sigma-Aldrich and used as supplied. Before
being used, all glassware was calibrated, washed by soaking in freshly
prepared aqua regia (1HNO3/3HCl (v/v)) and then with ultrapure
water, and finally dried in air.

2.2. Preparations

Diethyl 2-(9-fluorenyl) malonate (DEFM) was prepared as described
elsewhere, Scheme 2 [41]. The yield was 62% (8.02 g). Elemental
analysis found (calculated) for DEFM, Cy0H2004, 324.14 g mol™!: C%
74.10 (74.06); H% 6.27 (6.21); N% 0.10 (0.00). ESI-MS (positive mode)
at m/z - found (calculated): 325.14 (325.15) (molecular fon-H™). The Bii
NMR, 3C NMR, DEPT-135, and ESI-MS (including simulated) spectra
are shown in the Supplementary Material, Figures SM1-SM3, with the
appropriate assignments.

2.3. Apparatus

CHN analyses were carried out with a Perkin-Elmer 2400 analyzer.
Mass spectra were measured in high-resolution ESI-MS on a microTOF
QII mass spectrometer (Bruker Daltonics, Billerica) from solutions in
ethanol. 'H and 3C NMR spectra were recorded on a Bruker Avance HD

Scheme 1. Representation of the chemosensor DEFM.
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at 400 MHz, with CHCl3, and tetramethylsilane (TMS) as an internal
reference. Chemical shifts are expressed in § (ppm). Electronic spectra in
the UV-Vis range (190-820 nm) were obtained on a diode array Hewlett
Packard 8452A spectrophotometer in ethanol solutions using a 1.0 cm
path length quartz cell.

Fluorescence measurements and fluorescence quantum yields were
recorded at room temperature with a 1.0 cm optical path quartz cuvette
using a Shimadzu RF5301-PC spectrofluorimeter. The equipment was
set in between 1.5 and 5.0 nm slit width for excitation and emission
spectra, employing a 600 nm min~! scan rate and maximum wave-
lengths of excitation and emission at 296 nm and 316 nm, respectively.

DFT was carried out with the B3LYP functional and 6-311 g(d,p)
basis to all atoms. The solvent was included (ethanol) in the calculation
using SCRF formalism. Calculations were done using the Gaussian 09
[42]. Orbitals surfaces and population were obtained by Avogadro [43]
and GaussSum 3.0 [44], respectively.

2.4. Sensitivity and selectivity measurements, and merit parameters

The selectivity was tested from a stock solution of DEFM (10 mmol
L™Y) in ethanol, various dilutions were made to attain the working so-
lution concentrations. The following species were used to evaluate the
selectivity of the DEFM chemosensor: NH{, [N(CH3)4]" Lit, Na*, K*,
Mg2+, Ca2+, Eu3+, Tb3+, Ru3+, C02+, Ni2+, Cu2+, Zn2+, Hg2+, Cd2+,
Mn2*, Fe*t, cr® and AI®" they were accessed from the respective
chloride salts in 10 mmol L™! alcoholic stock solutions.

The sensitivity of DEFM for Fe®' ions was determined from an
analytical curve, which includes calculation of limit of detection (LOD)
and quantification (LOQ). Merit parameters such as repeatability, in-
termediate precision, robustness, and recovery were calculated, using
statistical approaches, to evaluate the analytical method, such as
Grubbs, Fisher, Cochran, and Durbin-Watson tests [45-48]. Ethanol was
employed as a solvent in all tests. Samples were measured in triplicate
and standard variations were calculated from the results.

3. Results and discussion
3.1. Photophysics of the sensor DEFM

The photophysical and selectivity properties of sensor DEFM were
carried out from alcoholic solutions. Absorption, excitation, and emis-
sion spectra are in Fig. 1. UV-vis spectra showed intraligand n-t* and n-
n* transitions in the

250-400 nm range, with maximum molar absorptivities of 1.21 x
10° L mol ! em ™! at 268 nm and of 8.65 x 10° Lmol ! em ™! at 302 nm.
When excited at 296 nm, which corresponds to the population of the first
excited state Sy — S, the sensor emitted at 316 nm, with the highest
efficiency.

3.2. Fluorimetric evaluation towards cations

3.2.1. Individual and collective selectivity

The majority of the tested cations did not change significantly the
fluorescence of sensor DEFM, except for Fe>* which caused a strong
suppression of 99% as observed in Fig. 2(top), suggesting the formation
of a complex formed in solution with high specificity for this metal ion
and low values of the standard deviation. Individual selectivity was
investigated upon quantitative addition of 100 pmol L™! solutions of
metal ions to equimolar solutions of the sensor DEFM.

In a collective selectivity test (Fig. 2 bottom), all cations used in the
individual selectivity tests were tested together as potential in-
terferences for the determination of Fe>t It shows the high specificity of
the chemosensor towards Fe>" ions since the set of cations did not
interfere significantly with the suppression of the Fe>*-DEFM complex.
Furthermore, notice that Fe>* produces a 99% quenching of fluores-
cence of the sensor, while it was reduced to 86% in presence of 21 metal
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Scheme 2. (Top) Representation of the PET effect that quenches the fluorescence of the sensor DEFM upon coordination with Fe>*, high spin, 25+1 = 6. (Bottom)
Mlustrative scheme of the PET redox process for the complex with 99% of quenching.
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Fig. 1. Absorbance (blue line), excitation (red line) (Aexy = 296 nm) and
emission (black line) (Aem = 316 nm) spectra of sensor DEFM in 100 pmol L
and ethanol. Excitation and emission slits are both 3 nm. (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)

cations. This outcome reflects multiple, simultaneous equilibria of
complex formation that are established in the presence of the different
cations used. Under this condition, the concentration of [Fe
(DEFM)1Cl,]™ in solution is reduced, which accounts for the increase of
the fluorescence, compared to that observed in the competition tests
(Fig. 2 top), carried out in the presence of individual ions. Testing the
selectivity of DEFM in the presence of several different contaminants
offers the best simulation of a potential application of the sensor in real
samples, as opposed to the experiment in the presence of individual
cations.

Finally, in the collective selectivity test, upon adding DEFM and 21
metal cations (except Fe®t), the fluorescence intensity goes down by
57%. While the metal cation (other than Fe®") that lowers the fluores-
cence intensity the most is Ru>" by ~ 30%. The reason for that behavior
is directly associated with the stability of the metal complexes formed in
solution, which is given by their specific formation constants. In the
presence of a mixture of metal ions, it is expected the formation of
multiple equilibria. The particular stability of each complex influences
the energy of the frontier orbitals, and consequently the ability to affect
the PET mechanism. Thus, the suppression of the luminescence intensity
is, indeed, expected to be different in the presence of a single metal ion
of specific nature than in the presence of different cations.

3.2.2. Stoichiometry and stability of the Fe>*-DEFM complex

The stoichiometry was determined by Job’s plot for absorbance as
seen in Fig. 3. The method showed a maximum absorption when the
molar fraction of Fe3* is close to 0.3, in accordance with the formation of
a complex in a 1:2 (metal:sensor) ratio.

Benesi-Hildebrand [49], equation (1), allowed access to the binding
constant for the complex, 1.5x106 L2 mol-2, for a 1:2 (metal:sensor)
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Fig. 2. (Top) Individual selectivity test: relative fluorescence of sensor DEFM in
the presence of equimolar concentrations (100 pmol L) of several cations in
ethanolic solutions. Results are the average of triplicate measurements. Exci-
tation (at 296 nm) and emission (at 316 nm) slits of 3 and 5 nm, respectively.
(Bottom) Collective selectivity test, in the presence of equimolar concentrations
(100 pmol LY of all cations and sensor DEFM, in ethanol. Excitation and
emission slits of 1.5 nm.

ratio as seen in Fig. 4(top). The high value of the formation constant
supports a strong affinity of the sensor to the Fe>' ion.

1 1 1

= e —F KO (Fu— Fo)

F— Fy )

where: F, and F = fluorescence of the sensor in the absence and presence
of quencher; [Q] = quencher concentration of Fedt ion; n = relation of
Fe3" ion and sensor (=0.5); K = binding constant of complex formed.



F. dos Santos Carlos et al.

0.30

0.28- /

0.26 4 y ¢

®
0.24 -

0.22 -

Absorbance (266 nm)

0.20 4

4 5 6
X (Fe*)

|
|
|
|
|
|
|
|
|
|
|
|
0.18 v [
)
3

-
N
~ A
00
© -

0 10

Fig. 3. Job’s plot of the variation of the absorption at 266 nm for sensor DEFM
and Fe" in a total molar concentration of 10 pmol L™! in ethanol.
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Interaction of Fe>* jon with the sensor DEFM was studied using
Stern-Volmer’s formalism [50] in accordance with a 1:2 (metal:sensor)
stoichiometry given by the equation (2). A plot of F-F, versus [Fe3*]
exhibited a linear fit with an R? of 0.9942, from 1.00 t0 6.00 x 107 mol
L7! of Fe** concentration. The linearity of the Stern-Volmer plot in-
dicates a dynamic quenching mechanism, however the proximity be-
tween the values of Kgy and K at 1.0 x 10° L2 mol 2 and 1.5 x 10° L?
mol 2 respectively, also suggests some static suppression during the
formation of the complex in the ground state.

Fy n

7= 1+ k7o) = 1 + KwlQ] 2
where: F, and F = fluorescence of the sensor in the absence and presence
of quencher, respectively; [Q] = quencher concentration of Fe>; n =
molar relation between Fe®*" ion and sensor (=0.5); kq = bimolecular
quenching constant, t¢ = lifetime of fluorescence in the absence of the
quencher; Kgy = Stern-Volmer’s suppression constant, which measures
the metal:sensor affinity.
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Fig. 4. (Top) Benesi-Hildebrand’s plot for calculation of binding constant (K). (Bottom) Stern-Volmer’s plot for calculation of suppression constant (Ksy).
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3.2.3. Theoretical calculations

To better understand the electronic processes in molecular systems,
such as emission and absorption processes, theoretical calculations are a
valuable tool, that permits to access the energy diagram and their mo-
lecular orbitals involved in electronic transitions. The optimized ge-
ometries of the sensor and the Fe3" complex, named [FeCly(DEFM)5] ™+
with octahedral configuration, are shown in Fig. 5 (the coordinates of
the optimized geometries are showed in Table SM1) along with the
energy diagram in Fig. 6, and the most important electronic transitions
are summarized in Table 1.

According to the ligand field applied by the ligands, the Fe>* com-
plex can present spin multiplicities of doublet and sextet (ground state),
and quartet in excited states, depending on the different possibilities of
matching the 5 electrons in the d orbitals. The theoretical calculations
performed (under the unrestricted mode) investigated the absorption
profile (Fig. SM4), from the first 150 transitions, simulating the three
possibilities of spin state, and showed that the electronic energy of the
sextet state is about 85.02 kJmol ™! less than the first quartet state, and
82.50 kJmol™! more stable than the doublet state. This way, the
following discussion about the observed suppression phenomena will be
referred to the sextet state.

Also, it was investigated the stability of complex [FeCly(DEFM),]™"
based on the free energy calculations obtained from optimized geome-
tries of reactants and products, and the results revealed a free energy of
~1239 kJ mol* for [FeClo(DEFM)y] ™.

It should be pointed out the good correspondence between the
calculated and the experimental absorption spectra (Table 1) of the free
sensor (Fig. 1) and its complex (Fig. SM4) that show mainly intraligand
transitions. An inspection of the molecular orbital diagram of DEFM in
Fig. 6 shows that

HOMO(-6.23 eV) and LUMO + 3(-021 eV) are mainly centered on the
fluorene unit, thus the excitation at 296 nm, through a n-n* transition is
followed by the reverse process, which accounts for the fluorescence of
the free sensor. In contrast, excitation of the complex [FeClo(DEFM),] ™"
at 296 nm is associated with the transition HOMO-12(-9.05 eV) —
LUMO + 3(-1.59 eV) (the first has major contributions are from malo-
nate and the chloride ions, while the second is centered in the malonate
unit). Therefore, after the photo-excitation of the complex at 296 nm, an
electron from HOMO(-6.93 eV) can be transferred to HOMO-12(-9.05
eV), through the photoinduced electron transfer (PET) mechanism
[51,52] (See Scheme 3), drastically decreasing the fluorescence in-
tensity observed, also known as an ON-OFF fluorescent switch [53-57].
The complete set of orbitals for both DEFM and its Fe3* can be found in
the Supplementary Material Section, Table SM2)

Thus, coordination of the sensor with Fe>" inhibits the back electron
transfer observed in the free ligand from LUMO + 3 to HOMO orbitals,
thus turning off the fluorescence [53]. Besides this static quenching,
Fe3" can provoke a nonradiative deactivation of the sensor, as suggested
by the Stern-Volmer analysis (Fig. 4), and has been proposed as an
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alternative mechanism for the quenching of fluorophores [54]. Inter-
estingly to note that for a ground state with 25 + 1 = 2 (Fe>, low spin),
the excitation of at the same wavelength (296 nm) excites an electron
from the HOMO-12(-8.57 eV)(centered in the chloride ligand) to the
LUMO(-3.57 eV)(which has significant contribution of the dz? of Fe3+,
Fig. SM5). In that case, thus, the static quenching is associated with a
LMCT transition.

3.3. Evaluation of the analytical method

3.3.1. Calibration curve and the sensibility of sensor

Limit of detection (LOD) (3 s/I, where: s = standard deviation; I =
slope of the line) and limit of quantification (LOQ = 10 s/1) were
calculated from the analytical curve shown in Fig. 7. LOD and LOQ were
found at 15.56 and 51.85 nmol L™}, respectively, within linearity of
0.1-1.0 pmol L™ (R2 = 0.997, least squares method). The quality of the
correlation between the concentration of the Fe>* ion and the intensity
of emission were checked by several statistical tests (Grubb’s, Fisher’s,
Cochran’s, Durbin-Watson’s test) described in the Supplementary sec-
tion of the manuscript (Tables SM3-SM6, equations SM1-SM4). The tests
were approved and recommended by regulatory agencies [45-48,58].

3.3.2. Repeatability and intermediate precision tests

Results of the repeatability and intermediate precision tests
[45-48,58] are summarized in Table SM7 for the lower level of con-
centration for detection of Fe>* jons with precision and accuracy,
therefore using the limit of quantification (~51.85 nmol LY, using ten
replicate measurements, Fig. 8(left). The intermediate precision tests
out the accordance of the results from the same laboratory (repeatability
and analyst 1) but performed by a different analyst (analyst 2). All the
samples showed a HorRat ratio (RSD/RSD Horwitz) lower than 1, and
thus approved in the test. The Fisher’s test also gives that F.q. (analyst 1;
analyst 2) = 0.52, which is lower than F.q = 4.03, hence supporting
that the analytical method is reproducible and repeatable.

3.3.3. Robustness of sensor DEFM

The robustness was evaluated by Youden’s test [45-48,58] from
fractional factorial planning using 8 different combinations of seven
nominal experimental conditions, duplicate measurements (see
Tables SM8-SM10). So each condition was varied 4 times in four
different combinations, and with that, it was possible to calculate the
error of the measurements in the various conditions (equation (3)).
These results are gathered within Pareto’s graph in Fig. 8(right); as well
as the calculation of the significance line, which corresponds to the
maximum deviation allowed (equation (4)).

The chart shows the quality deviation for each condition within
Youden’s test, and showed no relevant significance, since they are below
the maximum deviation calculated at 0.400 thus indicating the high
robustness of the method.

Fig. 5. Optimized geometries for DEFM chemosensor and their complex formed in solution, [FeCl,(DEFM),]*.
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Fig. 6. Frontier molecular orbitals of the chemosensor DEFM and [FeCly(DEFM),] ™" .

4 <2
Significance line = tegica * \/% 4)

where: teritical = t student (2.36); s = standard deviation; N = 16.

Table 1
TD-DFT electronic transitions in DEFM and [FeCly(DEFM),]".

Compound Wavelength / nm Osc. Major contribution
(experimental) Strength
DEFM 272 (302) 0.42 HOMO - LUMO
217 (290) 0.21 HOMO — LUMO +
3
193 (266) 0.75 HOMO-1 —» LUMO
+3
[FeCly(DEFM),] ™ 347 (320) 0.09 HOMO-13 —
LUMO
286 (290) 0.10 HOMO-12 -
LUMO + 3
261 (302) 0.27 HOMO-13 —
LUMO + 4
267 (266) 0.66 HOMO — LUMO +
5

Considering that out of the 8 combinations performed for each
investigated parameter, four were made with the nominal condition and
four with the varied condition, then it was possible to apply the Fisher’s
test which compares the variances of both sets of data (equation SM2).
For all nominal condition the result the value of F.,. (Table SM11) was
less than Fitical = 15.44, considering a 95% of confidence level, hence
supporting that the analytical method is robust.

A+B+C+D E+F+G+H

4 4 )

Effect of the temperature =

L+3 (0.21)

2L (1.29)

H (-6.23)

H-1 (7.04)

Inorganica Chimica Acta 526 (2021) 120511

L+5 (1.42)

L+4 (41.48)

 ~—— 143(-159)

L (-6.13)

H

H(6.93)

=t H-12 (9.05)
H-13(-9.20)

[FeCI,(DEFM),]

3.3.4. Reversibility test

To study the reversibility of the sensor DEFM towards Fe" ions in
ethanolic solutions, the fluorescence intensity of DEFM after successive
addition of Fe®" ions and EDTA was measured out (Fig. 9). The addition
of one equivalent of Fe> to a solution of DEFM, resulted in a significant
decrease of fluorescence intensity, because of the established equilib-
rium in favor of the formation of the [FeCl,(DEFM),]" complex. After
the addition of one equivalent of EDTA to the system, the fluorescence of
the solution increases due to the binding of EDTA to the free Fe>*, while
DEFM was released to the solution. The alternate addition of Fe> and
EDTA to DEFM solution produced an on/off fluorescence response for at
least two cycles, illustrating thus, the satisfactory reversibility of sensor
DEFM with Fe®* ions.

3.3.5. Practical application

The best performance of the DEFM sensor was observed when it is
dissolved in ethanol. Therefore, recovery tests were carried out using
ethanol fuel for automobiles from a gas station as a matrix, since it is
known that it is contaminated with undesired Fe>* ions. The samples
were prepared as follows: To a 5.0 mL volumetric flask were added 50 pL
of the stock solution of the sensor DEFM in ethanol (10 mmol L) and
50 pL of a 500 pmol L™! stock solution of ferric chloride in ethanol (10
pmol L’l). The final volume was completed to 5.0 mL with the matrix,



F. dos Santos Carlos et al.

MO centered

Energy (eV)

l MO centered

in chloride
%&ex 296 nm

and malonate

HOMO-12
(-9.05)

Inorganica Chimica Acta 526 (2021) 120511

in malonate LUMO+3
(-1.59)

HOMO
(-6.93)
MO centered
in fluorene

99% FLUORESCENCE OFF

Aem =316 nm

R

Scheme 3. Chemical equation for the preparation of DEFM.

and all measurements were triplicated. Results are gathered in Table 2,
where satisfactory recovery values were observed in the range of
46-547% [45-48,58].

3.4. Comparison with similar sensors

Table 3 shows analytical data from some recently published sensors
for Fe®*. In all samples, the sensors are active in organic/inorganic
media or a mixture of solvents. Among those examples, DEFM has the
lowest limit of detection, low relative error, and the highest metal-to-

sensor binding constant. Moreover, it does not suffer interference from
other ions and exhibits one of the best linear ranges. Also, it is the only
study that presents merit parameters, such as repeatability, intermediate
precision, robustness, and recovery that allows a thorough evaluation of
the analytical usage of the DEFM sensor towards metal ions sensing.

4. Conclusions

A new sensor for selective and specific detection of Fe>* was tested
out for measurements in ethanolic solutions. Complex formation with
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Fig. 7. Analytical curve for sensor DEFM. Results are the average of triplicate
measurements. Excitation and emission slits are 3 and 5 nm, respectively.

Fe3" led to a strong fluorescent quenching (99%), good linearity, and
limit of detection of

15.56 nmol L™1. Job’s and Benesi-Hildebrand’s method relationships
suggested a 1:2(metal:sensor) stoichiometry, with a fairly high associ-
ation constant (K = 1.5x10° L2 mol %) reported for similar systems, thus
proving the strong sensor:analyte affinity. Besides, Stern-Volmer’s
constant (Ksy = 1.0x10° L2 mol™2) suggests a dynamic quenching,
though the proximity of K and Kgy suggests some static suppression due
to the complex formed in solution. Theoretical calculations suggested
that the photoelectron transfer (PET) mechanism can explain the fluo-
rescent suppression observed, a process which is associated with an
intraligand charge transfer (ICT) and a LMCT, respectively, for the
sextet, and dublet ground states of the Fe>* complex. The fluorimetric
method for detection and quantification of Fe3* was further studied to
check its quality and analytical applicability. The excellence of the
analytical curve was confirmed through the application of a series of
statistical tests. Furthermore, the practicability of the method passed the
repeatability as well as intermediate precision, robustness, and recovery
tests from fuel ethanol as a matrix. Finally, the sensor showed no com-
mon interfering ions, thus showed that the sensor DEFM can be suc-
cessfully used to determine Fe>" ions.
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Fig. 9. Reversible fluorescence changes of sensor DEFM (100 uM; emission in
316 nm) in ethanol solution after successive addition of Fe** (0.5 uM) and
EDTA (0.5 pM). Excitation and emission slits are both 1.5 nm.

Table 2
Recovery values (%) from solutions of DEFM and Fe>* in ethanol fuel.
MATRIX [Fe*'] (nmol L) RECOVERY (%)
ETHANOL FUEL 100 45.99 + 0.15
500 96.60 + 0.32
1000 547.23 +£ 0.88
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Table 3
Comparison between some fluorescent sensors for Fe>*. LOD = limit of detec-
tion. MP = merit parameters.

Sensor  LOD Linear Range  Interfering Medium logk  MP
(pmol LhH Ions

DEFM 15.56 0.1-1.0 none ethanol 6.0 Yes
nmol
L—l

[28] 2.22 200-1000 none H,O/tris- - No
pmol HCl
L—l

[34] - - none H,O /DMF - No

(5:5 v/v)

[32] - - cu** THF - No

[35] 0.29 20-100 AP, et H,0/ 48  No
pmol MeOH(1:1
Lt v/v)

[19] 275 0.1-50 none H;0O - No
nmol
Lfl

[18] 0.5 40-160 Ni?*, Co?™, DMF - No
pmol Mn?*
L—l
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