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ABSTRACT 
  
 This research presents the development of a method for the quantification of Fe3+ using a reduced 
Schiff base ligand, which was synthesized via a simple two-step process with a high yield of 84%. The 
quantification of Fe3+ was analyzed using UV-Visible spectrophotometry. The selective binding of ligand with 
various cations (Fe3+, Cr3+, Pb2+, Co2+, Cu2+, Zn2+, Cd2+, Hg2+, Mn2+, Ni2+, Fe2+, Mg2+, Ag+, Na+, K+) was 
investigated. The results revealed that the reduced Schiff base ligand specifically formed a complex with 
Fe3+, indicated by a new absorption peak in the 350–400 nm range due to ligand-to-metal charge transfer 
(LMCT). In contrast, other cations induced no significant spectral changes. Quantitative studies of Fe3+ 
showed that the absorbance at 380 nm increased linearly with Fe3+ concentration, displaying a correlation 
coefficient (R2) of 0.9994 within the Fe3+ concentration range of 2.00 × 10–6 to 1.00×10–3 M. The method 
exhibited a limit of detection (LOD) of 1.22×10–6 M and a limit of quantification (LOQ) of 2.03×10–5 M. 
The reduced Schiff base ligand was successfully applied for Fe3+ quantification in real water samples, 
corresponding to the results obtained by inductively coupled plasma optical emission spectroscopy (ICP-
OES). 
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Introduction 
Iron is an important element in the human body. It is extremely important for the metabolic process 

which plays an important role in physiology. Iron displays a role in many chemical and biological processes, 
such as metabolic processes, oxygen transport respiration and electron transfer [1-4]. Quantification of iron 
is important for human health. Accumulation of iron in the body can result in kidney and liver damage, 
including abnormalities of vital organs which can cause cancer, hemochromatosis, and symptoms of hepatitis 
[ 5 - 8 ] . Iron deficiency prevents the synthesis of certain enzymes and proteins which can affect oxygen 
transport, causing many diseases, including cell metabolism problems and anemia [9-11]. The average amount 
of iron that a person should receive is approximately 3.8 grams for men and 2.3 grams for women [12-13]. 

Water is an essential resource for all living organisms, especially humans. Wastewater from industrial 
factories lacking effective waste control and treatment systems, as well as from agriculture and household 
activities, often flows into water sources, contaminating them with heavy metals. Iron is one of metals that 
contaminates water sources, causing in water pollution. Therefore, monitoring and assessing the quality of 
water resources, including iron content, is critically important. 

From the importance of iron mentioned above, accurate analysis of iron content in various samples, 
especially water samples, is therefore very important. Numerous methods have been developed for iron 
analysis in many samples [14-19]. There are several techniques that can be used to analyzed iron with high 
sensitivity, good accuracy and precision. However, these techniques are usually large and expensive, and 
require an analytical person with experience and expertise in using tools. Moreover, some techniques require 
complicated sample preparation before analysis. 

Over the past decades, many researchers have been interested in designing and synthesizing 
chemosensors to simply measure heavy metals with good specificity and high sensitivity. Schiff base groups 
are frequently incorporated into chemosensor designs due to their unique properties; 1) being both a receiver 
and a transmitter, 2) various precursors for synthesis and easy to find, and 3) easy to synthetize and purify 
with high productivity and low costs [20-23]. Schiff base can bind to metal ions including iron ions and 
change the optical signal. Researchers are therefore competing to design synthetic chemosensors that can 
detect heavy metals with a low LOD and a wide measurement range [24] with high efficiency [25]. Although 
these chemosensors have various advantages mentioned above, but they do not selectively bind to only one 
type of metal ion. They rather bind with more than one type of metal ion [25-28]. 

Longyan Wang et al. [11] reported a Schiff base probe obtained by the synthesis of di-
ketopyrrolopyrrole and p-methoxyaniline which can be used to measure Fe3+ and Al3+ with decreased 
fluorescence signal when binding to Fe3+ and increased signal when binding to Al3+. Min Zhang et al. [29] 
reported a Schiff base probe, synthesized from 2-hydroxy-1-naphthaldehyde and 5-aminosalicylic acid, that 
can measure Fe3+, Al3+, Cr3+, and Cu2+. There was an increase in the fluorescent signal when binding with 
Al3+, and a decrease in the fluorescent signal when binding with Fe3+. Changes of color of the solution were 
observed differently when binding with Cr3+ and Cu2+. 

The synthesis of chemosensors that selectively bind to Fe3+ by altering the fluorescent signal has 
been reported. However, there were many complicated synthesis steps that resulted in low yield. Most 
importantly, they used solvents that were not environmentally friendly [30-32]. Li, Z. et al. [33] synthesized 
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a chemosensor that selectively bound to Fe3+ in a 'turn on' manner with a four-step synthesis process using 
DMF and CHCl3 as solvents. Ruiping, W. et al. [34] also synthesized a chemosensor that specifically bound 
to Fe3+, but pyridine was used as a solvent with 3 steps of synthesis, resulting in low yield. Changing the 
chemosensor to reduced Schiff base ligand allowed it to selectively bind to Fe3+. It has been reported that 
synthesized Schiff base - naphthalene-2-ol [35] can selectively bind to Cu2+, but when reducing Schiff base 
was made, it was found that it could selectively bind to only Fe3+. Importantly, the synthesis was easy with 
high yield. When binding to Fe3+, the fluorescent signal was suppressed, and spectral changes occurred due 
to electron transfer from ligand to metal ion (LMCT). In addition, this research group performed a preliminary 
Fe3+ binding study with the fluorescence signal decreasing with addition of Fe3+ [36]. However, reduced 
Schiff base has not been used as a detector to quantify Fe3+ in real samples. 

Given the critical role of Fe3+ in biological and environmental systems, accurate Fe3+ quantification 
is essential for water quality assessment. Therefore, this research is interested in using reduced Schiff base 
ligand with simple synthesis and high yield. The specificity of this reduced Schiff base ligand as a sensor to 
determine the amount of Fe3+ in water samples with low lower limit of detection (LOD) and a linear coefficient 
(R2) close to 1, make it a viable alternative for Fe3+ quantification in real water samples. 

 

 
Figure 1 Structure of reduced Schiff base (RSB). 
 
Materials and Methods 
Chemicals and Equipment 
 A UV-visible spectrophotometer (model UV–2401PC, Shimadzu) was used to record absorption 
spectra and to measure absorbance. A nuclear magnetic resonance spectrometer (model Bruker Ascend 500, 
Bruker) was used at 500 MHz for 1H-NMR, and at 125 MHz for 13C-NMR. A mass spectrometer (model 
Dal-tonics (micro TOF), Bruker) was used to record mass spectra. Inductively coupled plasma optical emission 
spectroscopy (Perkin Elmer Avio 200) was used as a reference technique to compare the iron(III) content 
analysis results in the samples. 
 Salts of various types of heavy metal ions including Cd(ClO4)2⋅H2O (99.9%), Cu(ClO4)2⋅6H2O 
(98%), Fe(ClO4)2⋅H2O (98%), Fe(ClO4)3⋅H2O, Ni(ClO4)2⋅6H2O (98%), Mn(ClO4)2⋅6H2O (99%), 
Pb(ClO4)2⋅3H2O (99%), Zn(ClO4)2⋅6H2O (98%), AgNO3 (99%), and HgCl2 (98%) were purchased from 
Sigma Aldrich. NaCl (98%), KCl (98%), MgCl2 (98%), and CrCl3⋅6H2O (95%) were purchased from 
UNILAB. All chemicals were AR grade. 
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Synthesis of reduced Schiff base  
The synthesis of reduced Schiff base ligand has been reported from the research of Sungwienwong 

et al. [36], which is a simple synthesis method, using a mild reaction with high yield (84%). The structure 
of reduced Schiff base ligand was characterized by IR, 1H-NMR, 13C-NMR and mass spectrometry. The 
results are as following: IR (ATR) vmax 3293, 3055, 2851, 1621, 1597, 1514, 1467, 1437, 1357, 1327, 
1267, 1235, 1130, 1089, 955, 904, 812, 744 cm-1 ; 1H-NMR (500 MHz, DMSO d6): δ 3.63 (4H, s, 
H-3′), 4.01 (4H, s, H-1′), 7.07 (2H, d, J = 8.8 Hz, H-3′′), 7.10 (2H, t, J = 7.6 Hz, H-7′′), 7.17–7.21 (5H, 
m, H-1, H-3, H-6′′), 7.35 (1H, t, J = 7.4 Hz, H-4), 7.59 (2H, d, J = 8.5 Hz, H-8′′), 7.65 (2H, d, J = 8.8 
Hz, H-4′′), 7.70 (2H, d, J = 8.0 Hz, H-5′′); 13C-NMR (125 MHz, DMSO d6): δ 48.1 (C-1′), 58.1 (C-3′), 
113.8 (C-9′′), 118.0 (C-3′′), 122.3 (C-6′′), 122.7 (C-8′′), 125.8 (C-7′′), 128.0 (C-10′′), 128.1 (C-5′′), 
128.6 (C-3), 129.0 (C-4′′), 131.3 (C-1), 133.4 (C-1′′), 137.7 (C-2), 154.5 (C-2′′); HR-ESI-MS m/z 
449.2231 [M + H]+ (calculated for C30H29N2O2 449.2223). 
 
Study of the selective binding of reduced Schiff base ligand with various cations. 

The solutions of metal cations; Na+, K +, Mg2+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+, Hg2+, Cd2+, Pb2+, 
Cr3+, Fe3+ (3.00x10-4 M) and the solution of reduced Schiff base (1.00x10-5 M) were prepared. The reduced 
Schiff base solution (2.00 mL) was mixed with each metal ion (2.00 mL). The absorbance of the mixtures 
was determined at 250-700 nm. 

The solutions of metal cations; Na+, K +, Mg2+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+, Hg2+, Cd2+, Pb2+, 
Cr3+, Fe3+ (1.00x10-4 M) and the solution of reduced Schiff base (1.00x10-5 M) were prepared.  The reduced 
Schiff base solution (1.00 mL) was mixed with each metal ion (1.00 mL). The absorbance of the mixtures 
was determined at 380 nm. Then, the solution of Fe3+ (1.00 mL) was added to the above mixture solution, 
and the absorbance of the solutions was determined at 380 nm. The absorbance in the absence and presence 
of Fe3+ was compared. 

  
Binding study of reduced Schiff base with Fe3+  

The titration of reduced Schiff base ligand was performed by adding the Fe3+ solution (1.00x10-3 M) 
50 L-interval to the reduced Schiff base ligand (1.00x10-5 M, 2.00 mL) until the volume of Fe3+ solution 
was 800 L. The absorption spectra were measured in the wavelength range of 300-700 nm, and the spectra 
of the reduced Schiff base ligand in the presence of each concentration of Fe3+ were compared. 

The absorption spectra of standard Fe3+ solution with various concentrations, 3.00×10-6, 1.00×10-4, 
2.00×10-4, 3.00×10-4, 5.00×10-4 and 1.00×10-3 M, were measured at 380 nm. Calibration curve of the 
absorbance versus standard Fe3+ concentration was constructed for LOD and LOQ determination. 

 
The effect of pH on Fe3+ measurement with reduced Schiff base ligand. 

The reduced Schiff base ligand (1.00×10-5 M) and Fe3+ (3.00x10-4 M) solutions were prepared at pH 
3, 5, 9 and 12. The absorbance at 380 nm of reduced Schiff base ligand solution (2.00 mL) was measured 
in the absence and presence of standard Fe3+ solution (2.00 mL) for all pHs.  
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The interferent effect of various metal ions on Fe3+ measurement with reduced Schiff base ligand 
The reduced Schiff base ligand (1.00×10-5 M, 2.00 mL) was mixed with Fe3+ solution (1.00×10-4 M, 

1.00 mL). The absorbance at 380 nm of the mixture solution was measured. Then, the absorbance was 
measured with addition of other metal ions (3.00×10-4 M, 1.00 mL) to the above mixture. 
 
Application of reduced Schiff base for quantitation of Fe3+ in water samples 

Water sample solutions with Fe3+ concentrations of 1.0×10-4 M and 3.00×10-4 M in tap water, canal 
water, and drinking water were prepared by calculating the volume of Fe3+ solution used from the standard 
solution. Then, the volume was adjusted with tap water, canal water and drinking water. The reduced Schiff 
base ligand solution (1.00×10-5 M, 2.00 mL) was mixed with each type of water sample. The absorbance at 
a wavelength of 380 nm was measured, and used to determine the amount of Fe3+ from the standard 
calibration curve. 

 
Results and Discussion 

The synthesis of reduced Schiff base ligand has been reported in the research of Sungwienwong et 
al. [36] using the coupling reaction between 2-hydroxy-1-naphthadehyde and m-xylylene diamine to obtain 
Schiff base naphthalene-2-ol and reduced with sodium borohydride (NaBH4) to obtain reduced Schiff base. 
The structure of reduced Schiff base was identified using NMR, IR and mass spectroscopic techniques. 

The specificity study of the reduced Schiff base ligand in selective binding to various types of metal 
ions, including Fe3+, Cr3+, Pb2+, Co2+, Cu2+, Zn2+, Cd2+, Hg2+, Mn2+, Ni2+, Ag+, Na+, Mg2+, K+, Fe2+ showed 
only selectivity of Fe3+. New peaks in the range of 350- 420 nm were observed with the significant change 
of the absorption spectrum of reduced Schiff base due to ligand-to-metal charge transfer (LMCT). However, 
other metal ions did not change the spectra of reduced Schiff base except Fe2+ and Cu2+, as shown in Figure 2. 
The reduced Schiff base ligand showed selective binding to Fe3+ as observed by the increase of the absorbance 
of reduced Schiff base ligand when Fe3+ was added, as shown in Figure 3. 

 

 
Figure 2 Absorption spectra of reduced Schiff base solution in the presence of various metal ions (3.0×10-4 M). 
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Figure 3 The bar graph shows the absorbance of RSB (1.00×10-5 M) with various metal ions (3.00×10-4 M) 
before adding (blue) and after adding 3.00×10-4 M of Fe3+ solution (orange) at 380 nm. 

 
 The binding efficiency of the reduced Schiff base ligand with Fe3+ was evaluated by monitoring 
absorbance changes upon Fe3+ addition. When Fe3+ was added to the reduced Schiff base ligand solution, the 
absorbance in the wavelength range of 350-420 nm increased with increasing volume of Fe3+, as shown in 
Figure 4. The plot of absorbance value at a wavelength of 380 nm versus the concentration of Fe3+ added 
gave a straight line with a linear correlation coefficient (R2) of 0.9974, as shown in Figure 5. 
 

 
Figure 4 Absorption spectra of reduced Schiff base solution in the presence of 0.0-800.0 L of 1.0×10-3 M 
Fe3+. 
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Figure 5 The linear relationship of absorbance versus Fe3+ concentration. 
 

The linear relationship of the absorbance at 380 nm with the Fe3+ concentration with a linear 
correlation coefficient (R2) of 0.9994 was confirmed by creating a standard curve. The limit of detection 
(LOD) and limit of quantification (LOQ) were calculated as three times and ten times the standard deviation 
(SD) of the blank solution signal measurements in 10 replicates. LOD and LOQ were found to be 1.22×10-6 M 
and 2.03×10-6 M, respectively, as shown in Figure 6. 

 

 
 

Figure 6 Standard graph showing a linear relationship between the absorbance at 380 nm and Fe3+ concentration 
in the range of 1.00×10-6-1.00×10-3 M when using the reduced Schiff ligand at a concentration of 1.00×10-5 
M. 
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The results of the pH effect on the reduced Schiff base ligand solution in the range pH of 3–12 are 
shown in Figure 7. The spectra of the reduced Schiff base ligand at pH 3–12 did not change. Only at pH 3, 
the absorbance at the highest wavelength decreased due to the protonation of OH and NH functional groups 
of RSB. Comparison the spectra of reduced Schiff base ligand solution at the pH 3–12 before and after 
adding Fe3+ throughout the studied pH range, showed no effect of pH on Fe3+ binding, as shown in Figure 8. 

 

 
Figure 7 Absorption spectra of 1.00×10-5 M of RSB at pH 3, 5, 9 and 12.  
 
 

 
Figure 8 The absorbance of 1.00×10-5 M of RSB before and after adding 3.00×10-4 M of Fe3+ solution at 
pH 3-12 measured at 380 nm. 
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The interference effects of various types of ions to the quantitative analysis were studied by analyzing 
Fe3+ solutions at a concentration level of 1.00×10-4 M, and the absorbance at 380 nm was determined. Then, 
other metal ions (3.00×10-4 M) were added, and the absorbance was compared as shown in Figure 9. The 
results showed that the absorbance value when adding other metal ions changed by more than 5.00 %. Only 
Fe2+ had a change in absorbance of 12.94 %. However, determination of the amount of iron in water samples 
was the determination of the total amount of Fe3+ and Fe2+ and did not affect the analysis. 

 

 
Figure 9 The changes in absorbance at 380 nm of the 2.00 mL RSB (1.00×10-5 M)  mixed with 1.00 mL 
Fe3+ (1.00×10-4 M) in the presence of different types of 1.00 mL cations (3.00×10-4 M). 
 

The reduced Schiff base ligand was applied as a sensor to quantify the amount of Fe3+ in real water 
samples from three sources; tap water, canal water and drinking water. Fe3+ solution with concentrations of 
1.00×10-4 and 3.00×10-4 M were added to each water sample. Then, analysis was performed by mixing each 
type of water sample with reduced Schiff base ligand solution in a ratio of 1:1 by volume and the absorbance 
of the solutions was measured at 380 nm. The analysis results showed percentage recoveries ranging from 
97.76% to 104.33%, with the measured Fe3+ concentrations differing from those obtained by the standard 
method only 1.51% to 2.70%, all within a 95% confidence interval, as shown in Table 1. The results 
indicated that the reduced Schiff base ligand was highly effective sensor for measuring the amount of Fe3+ 
in water samples, offering accuracy and reliability comparable to standard analytical methods. 
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Table 1 Quantity of Fe3+ in real water samples using the developed method (reduced Schiff base ligand) 
comparison with the standard method, Inductive coupled plasma optical emission spectroscopy (ICP), and the 
percentage recovery from the developed method.  
Type of sample Spiked 

[Fe3+] (M) 
[Fe3+] found (M) (RSD, n=3) %Recovery 

(RSD, n=3) 
%Error 

Reduced Schiff base ICP 
Tap water 1.00×10-4 0.99±0.160×10-4 (1.62) 1.01±0.007×10-4 

(0.70) 
98.80±1.60 2.19 

3.00×10-4 3.04±0.044×10-4 (1.45) 2.96±0.02×10-4 
(0.68) 

101.33±0.47 2.70 

Drinking water 1.00×10-4 0.98±0.160×10-4 (1.63) 0.99±0.06×10-4 
(0.60) 

98.40±1.60 1.28 

3.00×10-4 3.13±0.046×10-4 (1.47) 3.05±0.025×10-4 
(0.82) 

104.33±1.47 2.63 

Canal water 
 

1.00×10-4 0.98±0.18×10-4 (1.84) 0.99±0.05×10-4 
(0.50) 

97.90±1.80 1.51 

3.00×10-4 2.93±0.018×10-4 (0.61) 2.87±0.015×10-4 
(0.52) 

97.76±0.60 2.09 

 
Comparing the results of the reduced Schiff base ligand with previous works on Fe3+ measurement 

showed that the reduced Schiff base ligand provided a wide measurement range and a lower LOD value than 
those obtained from many researches, as shown in Table 2. The measurement of 2-1000 µM and LOD of 1.22 
µM were obtained from this study. Moreover, the developed method can be used to quantify Fe3+ in real 
water samples.  Therefore, the reduced Schiff base ligand has potential as a sensor for detecting Fe3+ in 
natural water sources. 

 
Table 2 Comparison of efficiency of different sensors for detection of Fe3+ 

Type of probe Mechanism Linear range 
(µM) 

LOD 
(µM) 

References 

Gold nanoparticles Aggregation 10–60  5.60 [37] 
Metal organic framework  
(MIL-53) 

Ions exchange 3-200 9.00 [38] 

Graphene quantum dots Coordination 0-400 7.22 [39] 
Silver nanoparticles Reduction 0.08-80  0.08 [40] 
Chromophore Coordination 0-100 5.37 [41] 
Silver nanoparticles Coordination 9- 9000 7.90 [42] 
Silver nanoparticles Coordination 7-1790 1.79 [43] 
Chromophore Coordination 2-1000 1.22 This work 
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Conclusions 
The binding interaction between the reduced Schiff base ligand and Fe3+ was analyzed by UV-visible 

spectrophotometry. New peaks in the wavelength range of 350-400 nm were detected due to ligand-to-metal 
charge transfer (LMCT) upon complex formation. The absorbance of the complex at 380 nm has a linear 
correlation with the amount of added Fe3+. In this study, the reduced Schiff base ligand can be applied as a 
sensor for analyzing the amount of Fe3+ in real water samples. The developed analytical method gave a linear 
standard curve in the concentration range from 2.00×10-6–1.00×10-3 M with LOD and LOQ of 1.22×10-6 
and 2.03×10-6 M, respectively. This method showed analytical results similar to those obtained from standard 
techniques. Therefore, this method offers a cost-effective, rapid, and straightforward approach for Fe3+ 
quantification in real water samples, requiring minimal reagent quantities. 
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