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ABSTRACT 

Development of a highly selective optical sensor for determining Fe³⁺in water samples has been 

reported. The optical sensor was prepared through immobilizing Deferoxamine as a proper 

ionophore on a transparent agarose film. . A distinct color change, from white to brick red, was 

observed by contacting the sensing membrane with Fe³⁺ ions at pH 2. The effects of pH, ionic 

strength and reaction time were studied.  

No significant interference from 100 times concentrations of a number of potentially interfering 

ions was detected for the Fe³⁺ ion determination. The optical sensor was successfully applied to 

the determination of Fe³⁺ in spiked water samples. The prepared sensor is repeatable and the 

relative standard deviation of 0.49% was calculated. The limit of detection (LOD) of the 

method was calculated 1.14×10-7. 

There was a linear relationship between the Fe³⁺ concentrations and membrane absorbance at 

350 nm The equation A = 14507C + 0.017 has a linear fit with an R² of 0.994. 
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Introduction   

Iron is an essential chemical element for life, playing a crucial role in biological processes and 

metabolism in living organisms. However, the presence of iron in water can lead to health and 

environmental issues. This element exists in water primarily in two forms: dissolved iron (Fe²⁺) 

and undissolved iron (Fe³⁺)[1]. High levels of iron in water can affect its quality, resulting in 

undesirable taste and color, as well as the formation of insoluble deposits in water systems. 

Accurate detection and measurement of iron in water are of paramount importance, especially in 

regions where groundwater and surface water may be contaminated by industrial and agricultural 

sources. Various methods exist for measuring iron in water, including chemical, spectroscopic, 

and electrochemical techniques [2]. These methods are based on different scientific principles 

and technical approaches, and their selection depends on the specific conditions of each study. In 

environmental assessments, it is also necessary to evaluate the iron present in water against 

national and international health standards. For instance, the World Health Organization (WHO) 

and other health organizations have established limits for iron concentration in drinking water. 

Therefore, regular and precise measurement of iron in water resources is a key action in water 

quality management, public health protection, and preservation of aquatic ecosystems. Further 

research and studies in this area can contribute to improving measurement methods, reducing 

pollution, and ultimately enhancing community health [3]. 

Optodes are constructed based on the stabilization of complexing or redox reagents on organic 

and inorganic matrices and measuring changes in the absorption or fluorescence of the sensing 

layer as a result of reactions with the analyte. In particular, the use of fluorescent indicators has 

led to the creation of highly sensitive tools [4]. An important point regarding the stabilization of 

reagents on polymer substrates is that groups which can interact with the analyte become 

inaccessible during stabilization on the polymer substrate, resulting in the reagent being unable 

to show its properties in solution [5]. Additionally, the stabilized indicators on polymer 

substrates are limited due to irreversible reactions. Therefore, the type of reaction and the type of 

polymer substrate are very important for use in optodes. Agarose is a polysaccharide, non-toxic 

polymer that can be easily functionalized due to the presence of hydroxyl groups on its surface 

[6-8]. Hashemi and colleagues used this material as a polymer substrate to prepare optodes for 
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measuring copper, mercury, and nickel [6, 9, 10]. Deferoxamine is a well-known reagent for the 

photometric measurement of iron (III). Various methods have been employed for measuring iron 

(III). Furthermore, various optical sensors have been introduced for this purpose. Agarose was 

used as a suitable membrane for preparing optical sensors for iron (III), and the capability of this 

method was examined in measuring iron (III), showing satisfactory results. In this study, 

deferoxamine was used as the complexing agent with iron (III) for stabilization on agarose and 

for spectrophotometric measurements. 

Experimental 

Materials and Reagents   

Iron (III) salt, epichlorohydrin, agarose, and other materials were purchased from Merck, 

Germany. During the work, double-distilled water was used. The deferoxamine solution used 

during the experiments was prepared in a sodium dihydrogen phosphate buffer at 0.02 mol L-1 , 

which was adjusted to pH by adding hydrochloric acid and one molar sodium hydroxide. 

Apparatus 

The pH measurement at a temperature of 25 was performed using the HANNA pH meter model 

211 made in the USA, along with a glass electrode. Before measurement, standard pH buffer 

solutions from Merck were used for calibration. For measuring absorbance and absorbance 

spectra, a double-beam spectrophotometer model 1650PC from Shimadzu, made in Japan, was 

used. A quartz cell was used for measuring absorbance. 

Results and Discussion 

Preparation of Agarose Membrane   

To prepare a transparent agarose membrane, a 4% weight-volume solution was prepared in 

double-distilled water. A mixture of water and agarose powder was poured into a 25 milliliter 

beaker and, using a magnet and heater stirrer, a suspension solution was obtained. Then the 

resulting suspension was heated and stirred on the heater stirrer to a temperature of 80. Bubbles 

that form in the solution typically rise to the surface, which can be removed using the tip of a 

spatula to take off that thin bubble layer, and the remaining solution was poured between two flat 

glass plates measuring 20×20 centimeters. The two flat glass plates measured 20×20 centimeters, 
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with a spacer of masking tape of 0.25 millimeter thickness placed between them. The glass plates 

were then kept in the refrigerator for 15 to 20 minutes to allow the resulting gel to set and 

become a transparent membrane. It is better to place a heavy object on the plates. After cooling 

and obtaining a firm and transparent membrane, it was cut to the required size and stored in a 

20% V/V solution of ethanol-water for future use at 4. 

Activation Method Using Epichlorohydrin   

To activate the prepared agarose membrane, the epichlorohydrin method was used. About 5 

membranes measuring 3×1 centimeters along with 2.3 milliliters of 2 molar sodium hydroxide 

and 0.74 mL of epichlorohydrin were placed in a 25 milliliter beaker and then diluted to a 

volume of 10 milliliters (30% V/V agarose, 7% V/V epichlorohydrin, 0.6 molar sodium 

hydroxide). The resulting mixture was stirred for 2 hours at a temperature of 40 degrees Celsius 

in a water bath. The activated membranes were then washed with 500 milliliters of distilled 

water. 

Ligand Immobilization on Agarose Membranes   

Five activated membranes were placed into a 25 milliliter beaker containing 10 milliliters of a 3-

10 molar deferoxamine solution. The pH of the resulting solution was adjusted to 10 by adding 

sodium hydroxide and 1 molar hydrochloric acid. The resulting mixture was shaken for 24 hours 

at a temperature of 45 degrees Celsius in a water bath shaker. The obtained purple transparent 

membranes were washed with plenty of water to completely remove molecules that did not 

participate in the reaction. Finally, the prepared membrane was positioned vertically for use 

within the cell. 

Response of the Optical Sensor to Iron (III)  

The results of the response of the stabilized form of deferoxamine on the agarose membrane 

based on changes in the concentration of Iron (III) are shown in Figure 1. As shown in the figure, 

with an increase in the concentration of Iron (III), an increase in absorbance at a wavelength of 

350 nm is observed. 
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Figure 1. Absorption spectrum of iron (III) sensor in a solution containing phosphate/phosphoric 

acid 0.02 molar, pH = 2. The arrows indicate the direction of increased concentration. 

Investigating the Effect of pH on Complex Formation   

The effect of pH on complex formation in the pH range of 1-8 was examined by placing an 

optical membrane in a 0.2 molar sodium phosphate/phosphoric acid buffer solution and 

increasing a 3-10 molar solution of iron (III) solution. The difference in absorption obtained 

between the membrane in the absence of iron (III) ions and the membrane in the presence of iron 

(III) cations at a given time (2 minutes) was plotted according to pH changes. Figure 2 shows 

that pH = 2 have the best response. Therefore, this pH was considered as the optimal value. 
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Figure 2. Effect of pH on the difference in absorption of the free ligand and the complexed one 

for the iron (III) optical sensor in a solution containing phosphate/phosphoric acid 0.02 molar 

Recovery of the Membrane   

To investigate the recovery of the optical sensor's absorbance difference between the membrane 

in the absence of iron (III) and the membrane in the presence of iron (III) (concentration 1.5×10-

3) at pH 2 over a specified time (2 minutes), measurements were taken. For this examination, the 

absorbance difference obtained in the presence of iron (III) cations was first measured, and then 

the membrane was rinsed with various concentrations of hydrochloric acid. Figure 3 shows that 

the membrane is easily recovered in less than 3 minutes with 0.1 molar hydrochloric acid and 

returns to its original state. 
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Figure 3. The difference in absorption obtained as a result of membrane recovery 

Measurement Range   

To investigate the response of the optical and determine the absorption range of different 

concentrations of iron (III) using a micro-syringe 25 μL, 2 milliliters of a 0.02 molar phosphate 

buffer with a pH set at 2 were injected into the spectrophotometric cell, and the changes in 

absorption were examined. Additionally, according to Figure 4, as a result of the sensor's 

response to the increase in iron (III), the membrane in question changes color from white to brick 

red. 

 

Figure 4. Change in color of the optical sensor after responding to iron (III), (a) before the 

increase in iron (III) (b) after the increase in iron (III) 
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The measured absorbance was plotted as a function of the absorbance difference between the 

deferoxamine film and the deferoxamine-metal complex at a wavelength of λ = 350 nm. As 

shown in Figure 5, the changes in absorbance versus concentration long linear range. The 

equation A = 14507C + 0.017 has a linear fit with an R² of 0.994. 

 

Figure 5. Calibration curve of the iron (III) optical sensor at a wavelength of 350 nm 

Response time   

To examine the response time of the iron (III) ion sensor, a cell containing a membrane and 2 

milliliters of 0.02 molar sodium phosphate buffer was added to achieve a final concentration of 

1.5 × 10-3 molar, and its response time was plotted against concentration changes over time using 

a spectrophotometer 6. According to the obtained graph, the estimated response time for this 

sensor was 2 minutes  . 
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Figure 6. Curve of change in absorption over time of iron (III) 

Effect of Ionic Strength   

To investigate the effect of ionic strength on the membrane prepared, it was placed in NaCl 

solutions at concentrations of 0.1, 0.01, and 0.001 molar, and a solution of iron (III) was added to 

the spectrophotometer cell containing 2 milliliters of 0.02 molar sodium phosphate buffer to 

reach a final concentration of 1.5 × 10-3 molar, and the amount of ∆A=A2-A1 was calculated and 

compared with the results obtained in the absence of NaCl.  

In the relation ∆A, the difference in absorbance, A1 is the absorbance in the absence of iron (III), 

and A2 is the absorbance in the presence of iron (III). Figure 7 shows the results obtained from 

this investigation. According to these results, no change in the membrane's response to iron (III) 

was observed with the examined ionic strengths. 
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Figure 7. Effect of Ionic Strength on Sensor Response 

Investigating the Effect of Various Interfering Ions   

Selectivity is one of the very important characteristics of optical sensors, which refers to the 

selective response of the sensor to the target ion compared to the interfering ions present in the 

sample solution. To investigate the selectivity, several metal ions were employed. The 

concentration of interfering ions was considered to be 100 times the concentration of the target 

ion, while the concentration of iron (III) ions was 1.5 × 10-3 molar. The results of the 

investigation of the interfering effect on the sensor are shown in Figure 8. Considering that the 

relative error percentage is less than 5%, it was concluded that the investigated ions do not cause 

any serious interference on the developed optical sensor.  
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Figure 8. Investigation of the effect of interference from various metal ions on the 

response of the optical sensor 

Repeatability and Lifetime of the Optical Sensor   

To examine the repeatability of the membrane in measuring iron (III), the difference in 

absorption between the membrane alone and the membrane in solutions containing  

concentrations of 1.5 × 10-3 molar iron (III) ions was measured repeatedly 5 times. The results of 

these examinations are shown in Figure 9. According to this figure, the prepared sensor is 

repeatable, and the relative standard deviation of 0.49% was calculated. The limit of detection 

(LOD) of the method was calculated 1.14×10-7.   

To investigate the lifetime of the membrane, 10 membranes were kept in a solution containing 

20% water and ethanol for 2 months. No change in absorption during the storage period of the 

membrane and also no leakage of iron (III) were observed after this time.  
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Figure 9. Results obtained from the repeatability of the membrane under optimal conditions 

Real Sample Analysis   

In order to evaluate the proposed method for real samples, a sensor developed for measuring iron 

(III) was used in several different natural water samples. For this purpose, four water samples 

from the city of Khorramabad were prepared and spiked. The results are shown in Table 1. 

 

Table 1. Measurement of Iron (III) in Different Water Samples 

Sample 

Fe(III) concentration (mol L−1) 

Added Found 

water 1  1.0×10−3 1.1 (±0.21)×10−3 

water 2 
1.0×10−3 

0.98 (±0.15)×10−3 

water 3 
1.0×10−3 

1.2 (±0.2)×10−3 
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Conclusion   

The prepared optical sensor has good selectivity for low concentrations of iron (III) ions, its 

construction is simple and cost-effective, and its membrane does not leak, along with its long 

lifespan and low detection limit, are among the most important advantages of this optical sensor. 

Therefore, considering the results obtained, the developed optical sensor can be used for 

measuring iron (III) ions in real samples and natural waters. 
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