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Abstract A chalcone-based Schiff base (5), capable of de-
tecting iron (III) in partially aqueous media, has been de-
signed, then synthesized by the condensation of 3-formyl-2-
hydroxyquinoline and acetophenone. To determine iron (IIT)
ion, a simple spectrofluorimetric method was developed by
using the synthesized Schiff base. The developed method
was validated by analyzing the certified reference material
(CRM-SA-C Sandy Soil C). During the process of the deter-
mination of iron in food samples, satisfactory accuracy was
obtained for spinach and rocket. Nitric acid and hydrogen
fluoride were used for the digestion of the certified reference
material whereas only nitric acid was used for food samples,
in a closed microwave system. Measurements were carried out
by using the modified standard addition method. The standard
addition graph was linear until 5.0 mg/L. in determination of
iron (III). Detection and quantification limits were 0.06 and
0.20 mg/L., respectively. The presented method is simple,
time-saving, cost-effective and suitable for determination of
iron content of soil and foods.
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Introduction

The importance of metal ions is well known for living systems
[1]. In particular, iron is vital for human life [2]. While it is
causing a disease known as iron deficiency anemia in excess
in causing other diseases [3, 4]. Therefore, it is important to
take the iron balanced nutrition. On the other hand, iron is also
an important element in the earth and is effective for plant
growth. For this reason, the determination of the iron content
in food and soil, is an important issue.

Atomic methods such as AAS, AES and GF-AAS are
usually used to determine the iron content of food and
soil samples [5—-8]. Generally, separation and preconcentration
processes are applied in these expensive methods before
the determination stage. Moreover, these require long
analysis time and using of some chemicals such as ad-
sorbent and stripping reagents [9-11]. Consequently, it
is important to develop an alternative simple, reliable,
fast and cheap method to determine the iron content of
food and soil samples.

Many spectrofluorimetric methods to determine metal
ions are reported in the literature [12-14]. However,
there are limited spectrofluorimetric methods to deter-
mine iron in real samples [15-17]. Moreover, these
methods require long time for sample treatment before
the determination stage and the use of many chemicals
and extra process [16, 17].

Selective florescent ligands can be used as complexation
reagent to develop simple and fast metal determination
methods [18-20]. In this context, we recently focused
flavonoid-like compounds to evaluate them as analytical
reagent. Conjugated 7t electron systems and heteroatoms
in their structure make them potential fluorescent li-
gands to interact with metal ions. Moreover, flavonoids
are natural products and known as harmless compounds.
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Scheme 1 Synthetic pathway to Schiff base derived from chalcone (5)

Therefore, flavonoid-like compounds may be considered
as advantageous analytical reagents. The purpose of this
study is to reveal the metal sensor properties of a
flavonoid-class chalcone compound. Chalcones are the
aromatic ketones belonging to 1,3-diaryl-2-propen-1-
ones. Chemically they consist of open-chain flavonoids
in which the two aromatic rings are joined by a three-
carbon «, (3-unsaturated carbonyl system. The presence of
reactive unsaturated ketone in chalcone may result in com-
plexes with metal ions. [21, 22].
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The new chalcone-based Schiff base was used as a selective
fluorescent ligand to determine iron(III) ion. Fluorescence inten-
sity of the system having many conjugated 7t electrons decrease
increasing with iron(IIl) ion concentration. This property was
used as an analytical response to develop a new
spectrofluorimetric method to determine iron (III). The proposed
method was applied in some food samples to determine iron
amount. According to our knowledge, there is no report of a
chalcone-based Schiff base used in metal determination in real
samples in the literature. The present study is a first in this sense.
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Materials And Methods
Instrumentation

An Analytik Jena Specord 210 spectrophotometer and a PTI
spectrofluorimeter (QM 2006 model) were used to measure
absorbance and fluorescence intensity, respectively. The exci-
tation wavelength was 360 nm and fluorescence emission
spectra were recorded in the range of 370-650 nm with a slit
width of 1.0 nm. CEM Mars 6 Microwave system was used to
digest the samples.

Reagents

In all analytical measurements, pipettes and vessels were kept
in dilute nitric acid at least overnight and were subsequently
washed three times with distilled water. Analytical grade
chemicals and solvents were purchased from Merck
(Darmstadt/Germany) and Fluka (Buch/Swetzerland).

Fig. 3 Job’s Plot of the iron (I1I) 250000+
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1000 mg/L. of stock solutions of metal cations were prepared
by dissolving an appropriate amount of nitrate salts in deion-
ized water. Working standard solutions were obtained by ap-
propriate dilution of these stock standard solutions. Sandy soil
standard reference material (CRM-SA-C) was supplied from
High-Purity Standards, Inc. A 1.0 x 103 mol/L. solution of
the ligand was prepared by dissolving appropriate amount of
compound (5) in 100 ml ethanol and was kept in refrigerator at
4 °C for one week.

Samples

Rocket and spinach samples were purchased from local super-
markets in Trabzon, Turkey. The vegetable samples were
washed thoroughly with tap and deionized water. Then, the
samples were dried at 105 °C for 24 h and ground. The diges-
tion of the dried samples (0.5 g) was carried out by using
10.0 mL of HNO; and the digestion of the standard reference
material (0.5 g) was carried out by using 2.0 mL of HCI,

T T
0,2 0,4 0,6 0,8 1
Mole fractions of ligand
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3.0 mL of HNOs, and 5.0 mL of HF in a closed microwave
digestion system. After the microwave digestion process, the
solutions were filtered through a 0.45 mm cellulose nitrate
membrane and evaporated. Then, the volume was completed
to 10 mL with deionized water and used directly in the mod-
ified standard addition method as the sample solution.

Synthesis of the Ligand

The synthetic pathway to new Schiff base ligand, (2E)-
3-(2,5-dimethoxyphenyl)-1-{(4-
hydroxybenzylidene)amino]phenyl} prop-2-en-1-one (5),
is summarized in Scheme 1. 4-Aminoacetophenone (10 mmol)
(1) was dissolved in ethanol (25 mL) and an aqueous solution of
NaOH (20%, 15 mL) was added dropwise to this solution. The
reaction mixture was stirred for 30 min. at room temperature.
Then, 2,5-diamino-methoxybenzaldehyde (10 mmol) (2) was
added to the reaction mixture. The solid formed was filtered
off and dried in vacuo. The yellow solid product (yield 80.0%)
was obtained. To obtain the final compound (5), 4-hydoxy-
benzaldehyde (10 mmol) was added to the ethanolic solution

1(I)0 140
1/[Fe3+]V2

of the compound (3) (25 mL) and the reaction mixture was
refluxed at 80 °C for 12 h. The yellow solid formed was filtered
off and dried in vacuo. Yield: 70%; "HNMR (DMSO-dg, TMS,
400 MHz, 6 ppm):10.62 (1H, bs, Ar-OH), 8.52 (1H, s,
—CH = N-), 8.21 (2H, d, Ar-H, J = 8), 8.05 (1H, d, =CH,
J=16),7.96 (1H, d, =CH, J = 16), 7.81 (2H, d, Ar-H, J = ),
7.34 (2H, d, Ar-H, J = 8), 7.04 (3H, bs, Ar-H), 6.91 (2H, d, Ar-
H,J=38),3.76 3H, t,—OCH;, J=8), 3.70 (3H, t, -OCHj;, J = 8).
3C NMR (DMSO-ds, TMS, 100 MHz, § ppm): 188.5, 162.1,
161.2, 156.6, 153.7, 153.1, 138.3, 134.9, 131.6, 1304, 127.6,
124.0, 121.6, 118.5, 116.3, 116.2, 113.4, 113.1, 56.5, 56.1.

Optimum Conditions for Iron (IIT) Determination

The proposed method is based on the fluorescence quenching
of'the Schiff base compound (5) with iron (III) ion. Only a few
minutes was enough before the fluorescence intensity of the
solutions was measured. A modified standard addition method
was used to determine iron content of the samples. A similar
approach has already been used for iron (III) determination
with other fluorescent ligands [23, 24]. Various constant iron
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(IIT) concentrations (0.5-5.0 mg/L) were tested to obtain ac-
curate results with the modified standard addition method.
Optimum constant iron (III) concentrations were different
for each sample matrix. 0.5 mg/L. was the optimum constant
iron (III) concentration for the sandy-soil reference material
while it was 1.5 mg/L. and 2.0 mg/L. for rocket and spinach,
respectively.

Results And Discussion
Synthesis of the Ligand

There are some synthesis methods for chalcone-based Schiff
bases in the literaute [25-27]. In the presented study, the path-
way is given in the Scheme 1. The chalcone compound (3) has
been obtained by the reaction between aminoacetophenone and
2,5-diamino-methoxybenzaldehyde in NaOH media. Then, the
chalcone based Schiff base (5) was obtained from the reaction
between 4-hydoxy-benzaldehyde and the chalcone compound
(3), in ethanolic solution. The characterization of the new com-
pound (5) is given in the materials and methods part.

Spectrofluorimetric Measurements

Various excitation wavelengths between 400 and 300 nm were
tested to obtain the highest fluorescence intensity for the ligand.
The maximum emission band was obtained at 470 nm when the
ligand is excited at 360 nm. The effect of many cations on the
emission spectra of the ligand was investigated. Figure 1 shows
the effects of Li*, Na*, K*, Be**, Mg**, Ca**, Sr**, Y**, Ti*",
V5+, C13+, M06+, W6+, Mn2+, Fe3+, C02+, Ni2+, Cu2+, Au3+,
Zn*, Cd*, B**, AP, As®, Se®*, NH," ions (2.6 x 1074 M)
on the fluorescence spectra of the ligand (2.6 x 107> M). As

Table1  Analytical performance data of the proposed standard addition
method for total iron determination

Excitation wavelength (nm) 360
Emission wavelength (nm) 470
Limit of detection (ugmLfl) 0.06
Limit of quantification (ug mL™") 0.20

Linear range (g mL ") 0.2-5.0
Constant iron (III) conc. (ng mL ") for sandy-soil CRM 0.5
Constant iron (IIT) conc. (ug mL ) (ug mL ") for rocket 1.5
Constant iron (III) conc. (ng mL ) ( ug mL ™) for spinach 2.0

Ligand concentration (mol LY 26x107°

Ligand volume (mL) 2

Total volume (mL) 4

Solvent ethanol:water
(1:1)

Time before measurement 2 min.

Correlation coefficient (R?) for spinach 0.9918

Table 2  Determination of iron in two reference materials (N = 3)

Sample Found value Certified value
(mg/g) £ % RSD (mg/g) + % RSD
Sandy Soil C 165+ 1.1 15.8+1.2

seen from Fig. 1, there are moderate changes in fluorescence
intensity of the ligand for the tested ions. Most of ions caused
decrease of fluorescence intensity except for Ti**, Be**, B>
and NH," ions. These ions caused a little fluorescence enhance-
ment at 470 nm. Fe** causes the most fluorescence quenching.
Spectrofluorimetric titrations showed that there is regular fluo-
rescence quenching with increasing iron (IIT) concentrations at
470 nm. Therefore, this quenching was used as an analytical
response for iron (IIT) determination.

Effect of Reagent Concentration

To determine optimum reagent concentration,
spectrofluorimetric titrations were performed by using solu-
tions of the ligand in the range of 5.0 x 107> —3.0 x 10°° M.
The values of fluorescence intensity at 470 nm were plotted
against the iron(IIl) concentration. A standard iron(IIl) solu-
tion was used in the experiments. When 2.6 x 107> M of
ligand concentration was used, the highest R? value (0.9845)
was obtained (Fig. 2). Therefore, further studies were carried
out at this concentration.

Effect of Constant Iron Concentration

The constant iron (III) concentration used in the modified
standard addition method was optimized by changing from
0.2 to 3.0 mg/L. for each sample matrix. The optimum con-
stant iron (III) concentrations were 0.5 mg/L., 1.0 mg/L. and
1.5 mg/L. for Sandy Soil C, rocket and spinach, respectively.
The relative errors below 5% were considered in the determi-
nation of the optimum constant iron (III) concentration.

Time before Measurement
Emission spectrum of the mixture containing an equivalent

amount of iron (IIT) and the ligand (2.6 x 10> M) was obtain-
ed in the range of 1-10 min. It was seen that the fluorescence

Table 3  Determination of iron in the food samples (N = 3)

Sample Proposed method Standard method (ICP-OES)

Found value Found value MU
Spinach 230.1 £ 1.4° 219.2 17.8
Rocket 615.7+1.6" 607.0 49.2

“ Measurement uncertainty
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intensity had not changed after two minutes. There was very
little change in the fluorescence intensity from 2.0 until
10 min, which means that a few minutes before the measure-
ments was enough.

Composition and Stability of the Complex

The nature of the complex in ethanol/water (1:1) was investi-
gated with Job method. The concentrations of ligand and iron
(III) were 2.6 x 10> M and the total solution volume was 5 mL.
As seen from Fig. 3, a plot of fluorescence intensity against
mole fraction of the ligand shows a maximum at 0.7 that clearly
indicates 2:1 (L:M) stoichiometric formation of iron (III) com-
plex. The conditional formation constant (log K), was calculat-
ed according to the known method [28] using the
spectrofluorimetric titration data, was found to be 1.06 (Fig. 4).

Quenching Mechanism

The Stern-Volmer relationship [29] expresses the efficiency of
quenching of a fluorophore by a quencher (Eq. 1).

Fo /F=1+Ky[Q) (1)

Where F,, and F are the fluorescence intensity in the ab-
sence and the presence of the quencher, respectively. K, is the
Stern-Volmer quenching constant and [Q] is the concentration
of the quencher. If a system obeys the Stern—Volmer equation,
aplot of Fo/F versus [Q] will give a straight line with a slope of
Ky and a y-axis intercept of 1.

Figure 5 shows the steady-state emission Stern-Volmer
analysis for the complexation of iron (IIT) by the ligand. Fo/F
term linearly increased with increasing iron (III) concentration
until 2.6 x 10* M. These results are consistent with the static
quenching.

Analytical Performance

An external calibration line based on fluorescence quenching
of 2.6 x 10> M ligand showed linearity within the concentra-
tion range of 0.2 to 8.8 mg/L. (Fig. 2 inset). However, accu-
racy was not good in iron determination in samples using the
external calibration graph. Because of this, a modified stan-
dard addition method was used in iron determination. The
analytical performance data for the developed method under
the optimized conditions are presented in Table 1.

As seen from the Table 1, a linear relationship was found
between the fluorescence intensity at 470 nm and the concen-
tration of the iron (III) in the range of 0.2-5.0 mg/L. For
sandy-soil CRM, the correlation coefficient was 0.9918 indi-
cating linearity. R” values were 0.9932 and 0.9898 for rocket
and spinach, respectively. The LOD (3xS4/m ) and LOQ
(9xSy/m) were determined by using the standard deviation

@ Springer

of eleven measurements of the blank response (Sy) and the
slope of the calibration line (m) according to the IUPAC
recommendations.

Accuracy

The accuracy of the proposed method was verified by analyz-
ing a sandy-soil standard reference material (CRM-SA-C
Sandy Soil C). A good consistency was found between the
obtained and certified values (Table 2). Statistical analysis of
the results from the Student’s t-test show no significant differ-
ence between the obtained and certified values.

The food samples were analyzed by the modified standard
addition method. Analysis of the same food samples was car-
ried out by a standard ICP-OES method. The results are given
in Table 3. Statistical analysis of the results from the Student’s
t-test showed no significant difference between the results.

Advantages of the Proposed Method

The method hereby presented is effective in various food and
sandy-soil samples. One of its many advantages is that before
the determination stage, a closed microwave digestion of the
sample is enough. The separation of iron (III) ion from the
sample solution and sample treatment stage before measure-
ment are both not needed in the usage of this method. It is also
proved to have the ability to handle the matrix effect that might
occur. It does not need more than a couple of minutes to stable
fluorescence response before measurement. The reagent used
in this report is a kind of flavonoid compound; being known as
useful compounds for human body, making the reagent envi-
ronment-friendly. Consequently, these advantages make the
proposed method time-saving, simple and economic when
compared to other several methods in the literature.
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