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ABSTRACT 
This study aims at investigating a new, easy, fast, and environmentally friendly method for 
determination of trace iron using spectrophotometer. This method is based on the salting 
out to separate the two phases in liquid-liquid extraction. The effects of parameters such as 
type and amount of salt, type and volume of organic solvent, the amount of reagent and pH 
of the aqueous phase was investigated and optimized. In this method, after optimizing the 
parameters, acetonitrile with a volume of 1.5 mL as the extractive solvent, 2.0 g ammonium 
sulfate as salt the separating water and organic phases, iron reagent with the amount of 
250 mg, as the agent for formation of complex and pH= 6-7 was selected for the water 
solution. Under optimal conditions in the proposed method, the linear range of calibration 
curve was obtained as 40 to 1700 µg/L with the correlation coefficient of 0.9997  and the 
relative standard deviation was obtained as 1.2 % to 3.1 % and the amount of recovery was 
obtained in the range of 96 % to 105 %. limit of detection and the limit of quantification 
was calculated as 10.5 µg/L and 35 µg/L respectively. Finally, in order to investigate the 
efficiency of the proposed method, it was successfully applied to measure iron content in 
several real samples.  

 
KEY WORDS: Iron, Salting-out assisted liquid–liquid extraction, Gas 
pipelines, Spectrophotometer  

Department of chemistry, Ilam 
Branch, Islamic Azad Univercity, 
Ilam, Iran. 
 
Address For Correspondence: 
Saeed Chehrzad, Department of 
chemistry, Ilam Branch, Islamic 
Azad Univercity, Ilam, Iran. 
E-mail: 
sa_cheherzad@yahoo.com 

 
Received 16 April 2015  
Accepted 12 June 2015  
Available online 28 June 2015 

 

INTRODUCTION 

 

 The determinations of iron in different types of environmental samples have been conducted for a long time 

(In: N.H. Furman (Ed.), 1962). However, the analysis of the content of this element in water rather than in soil 

or sediment has generated the greatest interest (Watts, H.L., 1964). The lack of interest in the determination of 

iron content was caused by its high content and low mobility, as well as its minor biological significance in 

sediments and soils.However, the development of research into element speciation and the attempts to use the 

information concerning the content of different forms of elements to observe the sediments migration or to 

determine their origin (Kozak, L., P. Niedzielski, 2009). may initiate the interest in the studies of iron 

speciation.  Initially, in the determinations of iron content the colorimetric methods had been used, which were 

later almost completely replaced by spectrometric determinations (Hosseinimehr, S.J., 2001). In the colorimetric 

determinations, the broadest use was found for the methods using coloured complexes formed by iron with 

sulphocyanate, 2.2′-dipirydile and 1.10-phenanthroline. Sulphocyanate ions form a red complex with Fe(III), 

with the maximal absorption of 475–485 nm (Tarafder, P.K., R. Thakur, 2005), while 1.10-phenanthroline 

forms a yellow complex with the maximal absorption at 396 nm (Harvey, A.E., 1955).  Fe(II) reacts with 2.2′-

dipirydile forming a red complex with the maximal absorption at 520 nm (Whitehead, D., S.A. Malik, 1975) and 

with 1.10-phenanthroline, also forming a red complex with the maximal absorption at about 510 nm (Lozano-

Camargo, M.L., 2007). Although the colorimetric determinations of iron content also use the complexes of this 

element with other reagents (Giokas, D.L., 2002; Filik, H., D. Giray, 2012), the three methods mentioned above 

are most frequently applied in the iron determinatoin. 

 Using the fact of selective formation of complexes with different iron forms, the colorimetric methods have 

been applied in the speciation analysis of this element. For example, the method based on the reaction of iron 

with 1.10-phenanthroline was used in the selective determination of forms Fe(II) and Fe(III). The determination 

used the fact of iron species forming colourful complexes determined sequentially at different wavelengths: 396 
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nm and 512 nm respectively for Fe(III) and Fe(II), and the sequential determination of form Fe(II) and iron in 

acid leachable fraction following the reduction of Fe(III) to Fe(II) (Feres, M.A., B.F. Reis, 2005; Galhardo, 

C.X., J.C. Masini, 2001). 1.10-Phenanthroline was also used in the sequential determination of iron forms in 

direct colorimetric determinations linked to colorimetric titration (Kochana, J., A. Parczewski, 1997). 

 

2. Experimental: 

2.1. Instrumentation: 

 To measure the absorption of iron- phenantroline a spectrophotometer Jen way model 6850 made in Britain 

with two cells similar to microcell (volume 1.75 mL) with black walls and bonnet model G-01602 was used. In 

order to separate water phase and organic phase and prepare real samples centrifuge device Hettich model 

Rotofix 32A made in Germany was used as well as 15 mL centrifuge pipes. pH regulation was done by digital 

pH meter Jen way model 3320 equipped with glass electrodes made in Britain and a magnetic mixing device 

IKA model RH B2 made in Germany. In order to prepare double-distilled water the machine GFL model 2104 

made in Germany was applied. For optimizing the inorganic salt we used the analytical balance Sartorious 

model TE313S-DS and we used a gas chromatography micro syringe (1000 micro liters) made in Switzerland to 

remove extracting solvent and pipettes and other sampling tools made by Iso Lab Company to remove different 

volumes of needed solutions. In the present study we used Word and Excel software.  

 

2.2. Materials: 

 The analytical standard of iron with the concentration of 1000 mg/L (Merck) was used in the 

Spectrophotometer. Standard solutions of lower concentrations were made on the day with double distilled 

water. Iron reagent (Ferrover) was supplied from HACH company (USA), Acetonitrile, Ethanol, Acetone, 2-

propanol, (NH4)2SO4, NaCl, NaHCO3, Na2SO4, KCl, NH4Cl and Na2B4O7 were supplied by Merck (Darmstadt, 

Germany).  All chemicals and reagents used in this study were of analytical-reagent grade or higher purity. 

 

2.3. Sample preparation: 

 In this study, real samples of water are with gas that enters the pipelines from Hydrocarbure reservoirs and 

causes corrosion in internal surfaces. Sampling places include gas transferring pipeline of the theater operation 

of Tang-e-Bijar to gas refinery in Ilam Province in Iran. The length of these pipes is to 42 km.  

 At first the water samples with condensates derived from sampling sites and after transferring to chemical 

lab and after passing through filter paper using decanter hopper, 250 mL of water sample was separated from 

organic phase, and for separating the suspended articles, the samples were centrifuged with the rate of 4000 

round per minute for 5 minutes. The annoying factor, hydrogen sulfide (H2S) solved in sample, was exited out 

of the setting through warming. For this purpose, 100 mL of the sample is put into a flask and heated until gas 

was sent out of the environment, and after cooling down, it was taken to volume with distilled water, and then 

was tested under optimal circumstances. 

 

 2.4. Procedure: 

 In this method for measuring low amounts of iron, first 250 mg iron reagent was added to the volume 

measuring balloon (25 mL) and was taken to volume with the real sample whose pH was regulated as 7 using 

hydrochloric acid and sodium hydroxide, then 5 mL of the formulated complex iron-phenantroline was removed 

by pipette and put into the test tube and 1.5 mL of acetonitrile solvent as added to it and mixed until the water 

phase and organic phase were homogeneous. To separate the water phase and organic phase 2.0 g organic salt of 

ammonium sulfate was added to the mixture and was intensively stirred for one minute so that the salt was 

solved in water phase, then the mixture was centrifuged for 2 min under 3500 rpm. After separating the two 

phases, the upper phase that was the extraction phase and included analytic was removed by the help of micro-

liter syringe and put into the cell, and the cell was located into spectrophotometer for reading the absorption. 

The absorption of iron- phenanthroline complex at a wavelength of 509 nm was read over the control and by 

using the calibration curve iron concentration was calculated based on micrograms per liter (Fig. 1).  

 

RESULTS AND DISCUSSION 

 

 Measuring heavy metals in trace amounts is one of the goals of decomposition chemists. The toxicity of 

these trace elements influences environment and subsequently human health. Since direct measurement of metal 

ions in too small amounts is impossible due to their low concentration and disturbance of sample matrix, so in 

many cases the separation and preconcentration of trace elements is required.  

 In this study the salting out assisted liquid-liquid extraction method for determination of concentration and 

iron extraction was used in water samples. This method is very fast in mass transfer due to the large contact 

surface between samples and the extracting solvent. In this study we used this method along with UV-visible 

spectrphotometric to extract and measure iron content in water samples. Different systems have different 
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optimal phase separating conditions (Razmara, R.S., 2011). To achieve higher efficiency of extraction, the effect 

of main parameters on the efficiency should be examined thoroughly to obtain a high efficiency. To achieve 

desired extraction output several factors were considered including type and volume of extracting solvent, type 

and amount of the inorganic salt, pH of the water sample, amount of iron reagent, and rate and time span of 

centrifuge. The most favorable optimization method to achieve the conditions in which maximum absorption is 

done in the minimum time is the single agent method in which all the parameters are considered fixed and only 

the respective parameter is varied.  

 

 
 

Fig. 1: The extraction process proposed method. 

 

3.1. Optimizing the Type of extraction solvent: 

 To choose the extraction solvent type the effect of several factors was investigated including acetone, 

acetonitrile, 2-propanol, and ethanol. To select a suitable solvent, the solvent must be capable of dissolving and 

be miscible with water. The most absorption was obtained for acetonitrile that was chosen as the extracting 

solvent for this study (Fig. 2). Acetonitrile is miscible with water in all dimensions and its polarity is favorable 

to extract a broad range of compounds (Zhang, J.,  ). One other benefit of this solvent is that the solute types in 

this solvent are stable and available in high percentage of purity.  

 For this purpose, some iron reagent was added to volumetric balloon (25 mL) and get to volume by the iron 

solution 1 mg/L and stirred, 5 mL of the formed iron-phenantroline complex was removed by pipette, put into 

lab tube and 5 mL of the solvents acetone, acetonitrile, 2-propanol, and ethanol are added separately to lab tube 

and stirred until the water phase and organic phase were homogeneous. To separate the water phase and organic 

phase, 3.0 g of various inorganic salts was added to lab tubes containing the mixture and stirred intensively for 

one minute until salt was resolved in water phase and then the tubes containing intensively centrifuged with 

3500 rpm for 2 minutes. After separating the two phases, the upper phase that is the extracting phase and 

includes analyte is removed by pipette, put into cell and then the cell was located into spectrophotometer for 

reading absorption. As the results indicate, the most absorption was obtained for acetonitrile solvent and 

ammonium sulfate salt.  

 The extraction conditions showed that the volume of water phase as 5 mL, the volume of organic phase as 5 

mL, the amount of inorganic salt as 3.0 g, the pH of water phase as 7, the concentration of iron solution as 1 

mg/L, and centrifuge under 3500 rpm for 2 minutes. 

 1= Ammonium sulfate, 2= Sodium sulfate, 3= Ammonium chloride, 4= sodium hydrogen carbonate, 5= 

potassium chloride, 6= sodium chloride.  The initial volume of aqueous solution and organic solvent were 5 mL 

and 5 mL; pH 7. 

 

3.2. Optimizing the type of inorganic salt: 

 Adding inorganic salts to the mixture of water and acetonitrile makes the two solvents separated and a two-

phase system be formed. In order to investigate the effect of salt on separation of the two phases we investigated 

various types of ammonium sulfate salts, sodium sulfate, ammonium chloride, sodium hydrogen carbonate, 

potassium chloride, and sodium chloride in all the mentioned organic solvents. As the results indicate each salt 

for each organic solvent used showed a different extracting efficiency and in some cases no extraction was 

achieved. According to the results it is obvious that for the complex iron-phenantroline ammonium sulfate salt 

caused a higher percentage of extraction. The inorganic salt ammonium sulfate was selected as the most suitable 

salt and the most favorable factor separating water and organic phases due to its stronger ability in salting, its 

better solubility, and its fewer side effects (Cai1, Y., 2007).  
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Fig. 2: Effects of water-miscible organic solvent and salts on the extraction of iron-phenantroline complex. 

 

3.3. Optimizing the amount of iron reagent : 

 In order to do this investigation, different amounts of iron reagent (Ferrover) is added to volumetric 

balloons (25 mL) and take to volume using 1 mg/L iron solution and stirred, then 5 mL of the complex iron-

phenantroline was removed by a pipette, put into lab tubes and 5 mL acetonitrile was added to lab tubes and 

stirred until the water phase and organic phase got homogeneous. 3g ammonium sulfate salt was added to tubes 

containing the mixture and shaken intensively for one minute so that the salt was resolved in water phase. The 

tubes containing mixture was centrifuged under 3500 rpm for 2 minutes. After separating the two phases, the 

upper phase which was the extracting phase and contained analyte was removed by pipette and put into the cell 

and the cell was out into spectrophotometer for reading the absorption. As the amount of iron reagent is 

increased up to 250 mg, the absorption of iron-phenantroline increases, but from this amount, increase in the 

amount of reagent has little effect on the absorption. Therefore, 250 mg was selected as the optimal amount for 

iron reagent (Fig. 3). 
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Fig. 3: Effects of amount of iron reagent on the extraction of iron-phenantroline complex. 

 

3.4. Optimizing amount of salt: 

 In this step the amount of ammonium sulfate and its effect on the absorption was analyzed. For this 

purpose, different amounts of salt were used to obtain the best conditions for extraction. In little amounts the 

absorption of analyte is also low because the salt added must be much enough to be able to separate the two 

phases fully.  

 For this, 250 mg iron reagent is added to a balloon (25mL) and taken to volume by      1 mg/L iron solution 

and was shaken, 5 mL of the formed complex iron-phenantroline was removed by a pipette, put into lab tube 

and 5 mL acetonitrile was added to lab tubes and then shaken so that the water phase and organic phase were 

homogeneous. To separate the water phase and organic phase different amounts of inorganic salt ammonium 

sulfate was added to the tubes containing the mixture and the tubes were shaken intensively for one minute until 

the salt was solved in water phase. The tubes were then centrifuged under 3500 rpm for 2 minutes. After 

separating the two phases, the upper phase that is the extracting phase and contains analyte was removed by a 

pipette and put into a cell and then the cell was located into spectrophotometer for reading the absorption. 

According to the results, as the amount of salt increased, the absorption of iron in the organic phase increased as 
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well. However, this increase was up to 2.0 g, and increasing the salt more than this amount has little effect on 

the extraction. Therefore, 2.0 g of ammonium sulfate salt was selected as the optimal amount (Fig. 4). 
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Fig. 4: Effect of amount of (NH4)2SO4 on the extraction recovery.The initial volume of aqueous solution and 

      acetonitrile were 5 mL; pH 7. 

 

 3.5. Optimizing the volume of acetonitrile solvent: 

  Studying the volume of extracting solvent showed that decreasing the volume of solvent increases the 

absorption. So if it is considered to increase more concentrations of analyte, the lower ratios of organic solvent 

to water solvent should be selected.  

 In order to optimize the solvent volume, 250 mg iron reagent was added to a balloon (25 mL) and taken to 

volume by 1 mg/L iron solution and then shaken. 5 mL of the complex iron-phenantroline was removed by a 

pipette and put into lab tubes and different volumes of acetonitrile were added to lab tubes and they were shaken 

until the water and organic phases were homogeneous. To separate the water and organic phase 2g ammonium 

sulfate salt was added to the mixture and it was shaken intensively so that the salt was solved in water phase. 

The lab tubes were then centrifuged under 3500 rpm for 2 minutes. After separating the two phases, the upper 

phase that is as the extracting phase and contains analyte is removed by a micro-liter syringe  and  put into a cell 

and the cell was located into spectrophotometer for reading the absorption. According to results decrease in 

organic phase increases iron absorption, but due to the volume of the cell of spectrophotometer and since in 

volumes less than 1.5 mL light is not able to pass through the cell containing samples, so 1.5 mL was elected as 

the optimal volume of acetonitrile solvent (Fig. 5). 
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Fig. 5: Effect of the volume of acetonitrile  on the extraction recovery. Amount of (NH4)2SO4  2.0 g; pH 7. 

 

3.6. Optimizing pH: 

 The formation of ligand complexes with iron ions depends heavily on pH and choosing the optimal pH for 

the formation of a ligand complex with the ion is necessary. Optimal pH occurs when we have the most 

absorption. To optimize the pH of the aqueous solution, first we select some volumetric 25 mL balloons, and 

then 250 mg iron reagent is added to each balloon and take to volume by 1 mg/L iron solution whose distilled 

water pH was set at the range 1-9 with the help of hydrochloric acid 0.1 N and sodium hydroxide 0.1 N and 

shaken; then 5 mL of the formed complex iron-phenantroline was removed by pipette, put into lab tubes and 1.5 

mL acetonitrile solvent was added to the tubes and shaken until water and organic phases was homogeneous. To 

separate the two phases 2.0 g ammonium sulfate salt was added to the mixture and stirred for one minute so that 

salt was solved in water phase and then the tube containing the mixture was centrifuged under 3500 rpm for 2 

minutes. After separating the water and organic phase, the upper phase that is extracting phase and contains 
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analyte is removed by a micro-liter syringe, put into cell and the cell was located into spectrophotometer for 

reading absorption. The results of this analysis show that preconcentration and extracting iron ion in this method 

in the pH between 6 to 7 is maximum and in the pH lower than 6 the ligand is protonated and its formation with 

iron ion decreases and in the pH above 7 due to the formation of iron hydroxide, extraction retrieval decreases. 

Therefore pH=6-7 which has the maximum absorption is selected as the optimal pH (Fig. 6). 
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Fig. 6: Effect of pH of aqueous solution on the extraction recovery.The volume of aqueous solution 5 mL and 

     volume of acetonitrile were 1.5 mL, amount of (NH4)2SO4 2.0 g. 

 

3.7. Analytical performance of the developed method: 

 To estimate the amount of analytical data it is necessary to ensure that the results are statistically evaluated. 

To determine the uncertainty of results obtained in this study, identifying the linear range, the calibration curve 

equation, recovery, relative standard deviation, accuracy, limit of quantification (LOQ), and limit of detection 

(LOD) for iron ion was evaluated.  

 To draw the calibration curve to estimate linear range 15 standard solutions with certain concentrations in 

the range of 40-1700 µg/L was prepared from iron ion and after extraction by the respective method the 

absorption achieved by spectrophotometer was written per each concentration. Experiments in each 

concentration level were repeated 3 times. According to the results the calibration curve in concentration range 

of 40 to 1700 µg/L is linear. Also the obtained calibration curve with the linear equation Y= 0.0008X+0.0532 

has a high correlation coefficient (R
2
=0.9997), in which Y is absorption in organic phase and X is iron 

concentration in terms of micrograms on liters. 

 

3.8. Analyzing the real samples: 

 In order to investigate the application of the proposed method in real samples, it was applied to measure 

iron ions in the samples derived from different parts of gas pipelines, the result of which is shown in table 1. In 

this method a certain amount of standard iron solution was added to each prepared real samples in the following 

way. Amounts of 0, 100, 300, 500 µg/L of standard iron solution were added in optimal conditions and their 

retrieval was obtained by subtracting the absorption of the first sample which was free from any added analyte 

from three other samples, and the value which is the analyte amount was obtained from the calibration curve; 

then this value is substituted in the following equation to obtain the retrieval percentage: 

Recovery (%) =  × 100   

 Where C1 is found concentration from line equation and C2 is added concentration to real samples. 

 
Table 1: Recovery of salting-out assisted liquid–liquid extraction method in gas pipelines  sample spiked with analytes determined by  

       standard addition method (N=3).  

Sample Recovery (RSD)% 

Added iron solution 100( µg/L) 300( µg/L) 500 (µg/L) 

Well no. 3 96.9 (2.4) 103.9 (3.1) 100.2 (1.5) 

Well no. 5 105.0 (1.2) 101.9 (1.4) 100.5 (1.6) 

Well no. 8 98.8 (2.9) 104.0 (2.3) 96.0 (1.8) 

Slag catcher 98.0 (1.8) 103.0 (2.2) 97.8 (2.8) 

3phase seprator 104.0 (2.6) 97.3 (1.9) 102.6 (1.7) 

 

Conclusions: 

 In this research work a new, simple and very fast salting-out assisted liquid–liquid extraction (SALLE) 

method was developed and applied for the determination of trace iron ion (II) in gas pipelines. This study aims 
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at preconcentration and selective extraction of iron ion (II) using ferrover reagent. In order to improve the 

operational characteristics of the method such as linear range, limit of detection, limit of quantification, 

precision and accuracy, the effect of different parameters like, type and volume of extraction solvent, type and 

amount of inorganic salt, the amount of reagent, and the pH of water phase were investigated and optimized. 

The obvious benefits of this method are: the experiment was done in a short time, it was economically 

affordable, it had a high enrichment factor, and under optimal conditions, the amount of recovery was obtained 

in the range of 96 % to 105 % and the relative standard deviation was obtained as 1.2 % to 3.1 %. Also its limit 

of detection and limit of quantification was reported 10.5 µg/L and 35 µg/L respectively.  
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