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Abstract 

The research aims to design a new flow injection system using the two continuous and successive techniques for the 
determination of cerium quaternary, through the interaction of cerium quaternary with potassium iodide in an acidic 
medium and the liberation of yellow-colored iodine, which gives a maximum absorption peak at the wavelength is 353 
nm. The method includes manufacturing a quadruple valve from cheap materials and choosing the optimal system 
design with studying the optimal conditions for the system, which include potassium iodide concentration, acid 
concentration, Pump speed, acid volume, pattern size, reaction profile length, then designing a new sequential injection 
system and selecting the optimal design for it. The flow injection method yielded compliance with Beer-Lambert law in 
the range (1-40 mg/L). And a correlation coefficient (R2) of 0.997, and a dilution coefficient equal to 1.33 and 1.32 for 
concentrations of 10 and 30 mg / L, respectively. The sequential injection method also gave a clear improvement in the 
height of the apex and an increase in sensitivity.  
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1. Introduction

In 1975 saw the discovery of the flow injection technique by Ruzicka and Hansen in Denmark [1] and by Stewart and 
his associates in America [2]. with remarkable speed, sensitivity to chemical analyses, and great efficiency in an 
automated or semi-automated manner [3–4]. In this technique, a liquid sample is injected into a suitable carrier solution 
that moves continuously and indivisibly. The injected sample then moves to the reaction coil for mixing and product 
formation, and finally to the detector, which continuously records the electrode potential, absorbance, or any other 
physical factor that changes as the sample material passes through the Flux cell [6,5]. As for the technique of successive 
injection analysis (SIA), it is one of the methods derived from the analysis by flow injection. The principles of this 
technique were developed (Ruzicka, Marshal) [7] in 1990. By controlling the quick change in the direction of the carrier 
current flowing backwards and then forwards until a complete reaction is obtained, it is pushed forward so that the 
sample reaches the detector sooner after achieving the best mixing and reaction completion in the loading file. [8] 
Microquantities of materials are consumed in this technology, and the optional or selective valve takes the place of the 
injection valve because it allows for the selection of various models and flow streams, as well as simple branched flow 
pipes. These benefits all contributed to the SIA technology's adaptability and ease of use in chemical systems. (10,9) 
Cerium is a lanthanate element, symbol Ce and atomic number 58, discovered in 1839 by Mosander. [12,11]. It is one of 
the rare earth’s metals, and it is one of the most important and widespread elements of the anthanes on the earth's crust 
[13,14]. Cerium is found in nature with the rest of the lanthanate elements in the mineral’s allanite, bastnaite, monazite, 
cerite and samarskite, and allanite and monazite are important sources of cerium commercially [15, 16]. Cerium metal 
is very effective and a strong oxidizing agent, so it is stable when combined with oxygen [17]. Cerium has three oxidation 
states (II), (III), (IV), where the oxidative state (II) is the rarest case for it, while the last two cases are the most common, 
especially the case (IV), which behaves as a strong oxidizing agent in aqueous solutions [11, 12]. Cerium is an important 
element in industry and is used in nuclear reactors and in alloys with nickel and chromium. It is also used in the 
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manufacture of lasers [20, 19, 18], fluorinated materials and magnets [21]. Cerium has a major role in industrial 
products, as it is used in the manufacture of carbon and ceramic arc lamps and is used as an additive to diesel fuel [13]. 
Cerium has a role in medicine, as it is used as an antiseptic agent in the treatment of skin burns [22, 23] and in the 
treatment of high temperatures [24], and cerium salts are used to treat vomiting during pregnancy and depression, and 
it is also used as an antiseptic and astringent [25]. Cerium has an important effect on growth and the functions of the 
blood, nervous system, hair, liver, heart, bones and brain [26]. Environmental studies of cerium increased due to the 
widening of agricultural and industrial applications in which cerium enters, especially when it is used as an additive to 
diesel engine fuel, which causes an increased risk of human exposure to cerium. The general population can be exposed 
to cerium mainly through oral intake through food and through breathing [28,27]. Cerium was determined by various 
methods, including using the flow injection method [29,30, 31], and spectrophotometric methods using organic 
reagents such as 2-Methyl -4- (3,4- dihydroxy phenyl) thiazole hydrochloride [32], 2,4-dihydroxy benzophenone 
benzoic hydrazone [33], Leuco Xylene Cyanol FF [34], Arsenazo III [35], propionyl promazin phosphate (PPP) [36], 
pyridine2,6-diol [37], pyrogallol red [38]. Cerium was determined by other methods such as ICP [39], ICP-AES [41, 40], 
electrolytic determination by manufacturing selective electrodes [43, 42], mercury dripping electrode [44], and 
fluorescence [46, 45] 

1.1. Equipment and materials used 

1.1.1. Devices used 

UV-visible spectrophotometer (Shimadzu, Japan), Reaction coil made from glass, I.D=0.5mm) Local made   ,(  Quaternary 
Valve (Local made), Peristaltic Pump (Heidolph, Pump drive 5001, Germany), Hot Plats (Ardeas 51), Kompensog Graph 
( Siemens C 1032) , Balance (Denver Instrument) , pH-Meter (WTW,pH720,Germany) , Sample loop made from Teflon 
(1 mm I.D) and Thermometer. 

1.1.2.  Materials used 

Ce4+ solution was prepared at a concentration of (1000 mg/L) by dissolving 0.3812 g of ammoniated ceric nitrate in 100 
ml of distilled water containing 0.5 ml of nitric acid. A potassium iodide solution was prepared at a concentration of (0.3 
mol/l) by dissolving 7.2 g of potassium iodide in 250 ml of distilled water. Sulfuric acid (1 mol/L) was prepared by 
taking 5.42 ml of the acid and diluted to 100 ml with distilled water. 

2. Design of the continuous flow injection system 

A flow injection system was designed consisting of a peristaltic pump, a locally manufactured quadruple valve, a locally 
manufactured glass reaction coil (R.C), and the detector, which is a spectrophotometer (D), and a recorder (R). After 
studying the optimal design of the system, it was found that the design in Figure (1) is the optimal design for the system, 
where potassium iodide was chosen as a carrier and both the acid and the sample were loaded through the valve, Figure 
(1). 

 

Figure 1 Components of the continuous flow injection system 
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3. Study the optimal conditions for the system 

The optimal conditions for the system were studied, including potassium iodide concentration, acid concentration, 
pump speed, reaction coil length, acid joint length (acid volume), pattern joint length (sample volume). Table (1) shows 
the optimal conditions that were chosen for the work of the system. 

Table 1 Optimal conditions for the continuous flow injection system 

Variants optimal conditions summit height mean S.D   R.S.D% 

KI 0.3 mol / L 0.800 0.740 0.740 0.760 0.020 2.760 

H3O+ 1 mol / L 0.800 0.740 0.800 0.783 0.062 7.800 

Pump Speed 2.2 ml / min 0.950 0.850 0.800 0.866 0.040 4.600 

Length of R.C 100 cm 0.950 0.850 0.800 0.866 0.040 4.600 

Volume of H3O+ 197.25ℳL 0.950 0.950 0.950 0.950 0.000 0.000 

Volume of Ce4+ 157 ℳL 0.950 0.950 0.950 0.950 0.000 0.000 

4. Preparing the calibration curve for the continuous flow injection system 

A series of concentrations ranged between (0.5 - 50 mg / L), where the results were linear between (1 - 40 mg / L) and 
as shown in Table (2) and Figure (2), and the detection limit was (0.5) mg / L and a correlation coefficient R = 0.997. 

Table 2 the values of the standard curve of his system FIA 

  Con.of Ce4+ ppm Peak High in cm Mean S.D R.S.D% 

1 0.050 0.050 0.050 0.050 0.000 0.000 

5 0.150 0.150 0.150 0.150 0.000 0.000 

10 0.300 0.300 0.300 0.300 0.000 0.000 

20 0.600 0.550 0.500 0.550 0.050 4.000 

30 0.800 0.800 0.800 0.800 0.000 0.000 

40 1.000 1.050 1.000 1.017 0.029 1.690 

 

Figure 2 Standard curve for injection analysis 

5. Study the dispersion coefficient 

In order to determine the degree of dilution that occurred to the solutions throughout their presence in the system from 
the time of injection until the result is recorded by the detector, one of the most crucial studies in the flow injection 
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technique is the dispersion coefficient. The dilution coefficient D, which can be calculated using the following formula, 
can be used to express the degree of dilution [48,47]. 

D= H˚/ Hmax 

In the case of a reaction conducted outside of the flow injection system, the height of the apex without dilution is denoted 
by H˚, whereas the peak height with dilution is denoted by H max. Figure (3) illustrates that the dilution coefficient, 
which was determined during the investigation for two doses of 10 and 30 mg/L, was 1.33 and 1.32, respectively. 

 

Figure 3 Dilution coefficient 

6. Designing a sequential injection analysis system 

One of the drawbacks of flow injection is the dilution that occurs for solutions from the beginning of injection to the 
arrival of the sample to the detector, and to overcome this factor (Ruzicka, Marshal) [7] in the year (1990) developed 
the principles of this technique., an injection analysis system was designed successively, as shown in Figure (4).  

 

Figure 4 The successive injection system 

from Figure (4) it is noted that two designs can be developed for the system (B, A) with the acid loading location and 
the sample   does the acid carry in (L 1) and the model in (L 2) or vice versa, as shown in Figure (5). From the results, it 
became clear that design (B) gave better results. 
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Figure 5 Design A and Design B of the successive injection system 

6.1. Preparing the calibration curve for the successive injection system: 

A series of concentrations were prepared, ranging between (0.5 - 50 mg/L), where the results were linear between (1 - 
40 mg/L), as shown in Table (2) and Figure (2), and the limit of detection was (0.5) mg / liter and a correlation 
coefficient R (0.997). When comparing Table (3) with Table (2), we notice the clear improvement of the peak height. 
There was also a clear improvement in the sensitivity of the method, as shown in Figure (5). 

Table 4 the values of the standard curve of his system SIA 

 Con. Of H3O+(M) Peak High in cm Mean S. D R.S.D% 

1 0.100 0.100 0.100 0.100 0.000 0.000 

5 0.250 0.200 0.200 0.216 0.026 2.700 

10 0.400 0.400 0.400 0.400 0.000 0.000 

20 0.750 0.700 0.750 0.730 0.029 1.800 

30 1.000 1.000 1.000 1.000 0.000 0.000 

40 1.350 1.350 1.350 1.350 0.000 0.000 

 

 

Figure 6 Standard curve for successive injection analysis   

7. Conclusion 

• Manufacture of a new flow injection valve from cheap materials available in the markets comparable to the 
valves manufactured globally. It contains four valves and has the capacity to load two materials of a known size. 
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Therefore, it can be used in chemical reactions consisting of three materials or less, as it was used in this system 
and gave a very high repetition. 

• Designing a new flow injection unit using both continuous and sequential techniques, where these two 
techniques can be used to estimate quaternary cerium, with speed of up to 40 samples per hour, with high 
frequency, a wide linear range, with the lowest dispersion rate and the lowest cost.  
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