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Summary 

This work includes the design of a whole flow injection analysis unit. 

Two paths were used, first using conventional spectrophotemetric unit with 

home made valve and flow cell; while second unit a whole complete mini 

microphotometer  based on radiation source, a special flow cell of 2mm path 

length and a photo silicon detector. With whole complete amplification and 

zero set. The unit is (3x3x5cm) on size. 

The variable of physical and chemical of this method is based on the 

reaction of chlorate ion with potassium Iodide, coupling reaction in the 

presence of acidic medium forming  I2. Soluble has a maximum absorption at 

max 353nm. 

This reaction in the first unit includes mixed hydrochloric acid (2.5M), 

potassium Iodide (3.5M) and flow rate (5..5 ml.min-5), for international 

injection unit. 

Linear calibration graph for detection and measuring point with 

percentage linearity was in the range of (3.33025 to 4515 g.ml-5), for a 

sample of (521l) volume. Detection limit of   (6.52x53-5
g.ml-5) was achieved. 

The relative standard deviation was 3.3450 at two minutes for three 

successive measurement of chlorate ion with its applied method. 



This method was applied successful in aqueous solution, match and 

hypochlorite are performed. 

Physical and chemical parameters for determination of chlorate ion in 

the second unit includes mixed sulphuric acid (5.5M), potassium Iodide 

(3.52M), with flow rate (4ml.min-5) and sample volume (63l) for four 

successive measurement. The linearity of calibration graph was (5 to 633g.ml-

5), with detection limit about (5 g.ml-5) and the percentage of R.S.D = 3.3.50. 

This unit was used for determination of chlorate ion in, home made 

and liquid detergent. 

 

 

 

 الخلاصة

يي: حيةد جٌةاّا الجةضء ئجضوٌث الذساسةة جمةوين اِةاص جحليةل الحقةي الجشيةاًي ّالةز  اشةحول اةض

ي  ية ّخليةة همةٌ ة هحليةا ة بيٌوةا الجةضء سةن 1) الاّا اسحخذام اِاص قيةاط الطيةف هةم صةوام همةٌم هحليةا

ي ّخليةة همةٌ ي هحكًْة هي صوام همٌم دّليا ي )الثاًي جٌاّا ّصف ااضاء هٌظْهة همٌ ة حليا  2 ة هحليةا

ي لحقذيش ايْى الكلْسات. الوحغيشات الفيضيائية ّالكيويائية لِةزٍ الطشيقةة امحوةذت  هلن  ّهضخن همٌم هحليا

ملى جفامةل ايةْى الكلةْسات هةم يْديةذ البْجاسةيْم سةي الْسةظ الحاهضةي ّجقةذيش اليةْد مٌةذ طةْا هةْاي 

(353nm)  جشكيةةض حةةاه   هةةْلاس   2.5). ُةةزا الحفامةةل جةةن جطبيقةةَ سةةي الْحةةذ  الاّلةةى جضةةوي هةةض

هل.دقيقة 5..1)اى يجشكيض يْديذ البْجاسيْمة ّسشمة اش  هْلاس  3.5)الِيذسّكلْسيك ّ 
-1
لوٌظْهة    

ي.  الحقي همووة دّليا

 4115الةةةى  3.33025)حٌيةةةات الو ةةةايش  لوحاب ةةةة جغيةةةش الاسةةةحجابة هةةةم الحشكيةةةض هةةةي ٌحيةةةد اى ه

هايكشّغشام.هل
-1
 (5-13*6.12ّالحمةْا ملةى حةذ الك ةف   يكشّلحشهةا 121)لأًوةْر  حقةي بحجةن    

.هلمهايكشّغشا
-1

ي الى   دقيقة لةثلاخ  2مٌذ صهي حقي  (3.3410). الاًحشاف القياسي الٌسبي كاى هساّيا

 قياسات هححاب ة لحقذيش ايْى الكلْسات.

 اصش. ُزٍ الطشيقة طبقث بٌجاح لحقذيش ايْى الكلْسات سي الوحاليل الوائيةة ال خاط ّسي هحلْا الق



  هةْلاس 1.5) الوحغيشات الفيضيائية ّالكيويائية لحقذيش ايْى الكلْسات سي الْحذ  الثاًيةة شةول هةض 

هل.دقيقةةة 4)يْديةةذ اجلبْجاسةيْم ّسةةشمة الجشيةةاى   هةةْلاس  3.12جشكيةض حةةاه  الكبشيحيةةكة )
-1

لحجةةن   

 633-5)ث هةةةي خطيةةةة هٌحٌةةةي الو ةةةايش  كاًةةة لاسبةةةم قياسةةةات هححاب ةةةة  هةةةايكشّلحش 63) هحقةةةيًوةةةْر  

.هةةةةةةةةةةةةةةةةةةةةةةةةةةةةلمهايكشّغشا
-1

 ّالحمةةةةةةةةةةةةةةةةةةةةةةةةةةةةْا ملةةةةةةةةةةةةةةةةةةةةةةةةةةةةى حةةةةةةةةةةةةةةةةةةةةةةةةةةةةذ الك ةةةةةةةةةةةةةةةةةةةةةةةةةةةةف   

هايكشّغشام.هةةل 1)
-1

. ُةةزٍ الْحةةذ  اسةةحخذهث  3.3.10 )ة ّالاًحةةشاف القياسةةي الٌسةةبي هسةةاّ  الةةى 

 لحقذيش ايْى الكلْسات سي هحلْا القاصش الوسحْسد ّالوحلي.
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Conclusions 

 

1. FIA can be used to determine the trace concentrations of chlorate ion. 

2. The first design unit which consists of conventional spectrophotometric 

and homemade valve and flow cell can be used for determination of 

chlorate ion. 

3. The second design unit which consists of conventional valve and home 

made spectrophotometric and flow cell can also be used for the 

determination chlorate ion. 

4. The second design unit was more sensitive than the first one. 

5. Sequential injection analysis is used in the first design unit with  good 

results. 

 

Recommendations & further work: 

1. Both design units can be used for determination of H3O+ and iodide. 

2. The introduction of the five three-ways valve and three three-ways 

expand the scope of new approaches for various determinations. 

3. Sequential injection analysis can be used to determine other ions 

instead of chlorate ion such as NO3
-, Fe+2, SO4

-2, …. 

 

 

 



Conclusions 

 

6. FIA is used to determine the trace concentrations of ions. 

7. Using home made unit contains international valve and cell is home 

made (2 mm). 

8. Comparison between international and home made unit. 

9. Sequential injection analysis is the best method in determination of 

chlorate ion. 

10. The home detergent gives better results than imported one. 

 

Recommendations: 

4. The home made unit is better than international unit to determination 

of low concentration ions. 

5. Using sequential injection analysis to determine another ions instead of 

chlorate ion. 
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CHAPTER ONE 

 

1. Introduction 

 This chapter consists of two parts: 

 

Part ((A)): This part deals with the distribution configuration, occurrence, 

properties, uses, generation, reactions and available methods for 

determination of chlorate ion. 

 

 

Part ((B)) deals with the background of flow injection analysis. 

 

                                                    



 

 

 

 

 

 

 

 

 

 

 

 

 

Part ((A)) 

 

1A-1: Chlorate-General Introduction 

 The distribution configuration for chlorate ion is shown in figure (5.5).(5) 

 

 



 

 

Figure (1.1) Configuration of chlorate ion. 

 

The chlorates have been used historically as a herbicides to kill all terrestrial 

plants(2), they also have a damaging effect when discharged to the recipient(3) 

and the chlorates are oxidizing agents and all of their compounds are water 

soluble(4). 

 

 

 

 

 

1A-2: Occurrence 

The fate of chlorates and their toxicity is linked closely to nitrate levels 

in the water(5) and the critical nitrate levels appear to range from 5 μg.L-5 



where chlorate transport is rapid, to 03 μg.L-5, which almost completely 

inhibits nitrate transport(6,1). 

 Recent monitoring data indicate that typical surface water 

concentrations of chlorates are about 3.34 mg.L-5 and about 3.32 mg.L-5 for 

the Rehine and Ijssel rivers in the Netherlands(0,.,53).  

1A-3: Properties 

 Chlorates are a colorless, cubic or trigonal crystals or a white powder. 

The crystals are also reported to be pale-yellow or white which may be 

attributed to an impurities(55). Table (5.5) shows the properties of chlorate 

compound. 

 

Table (1.1) Properties of chlorate compound(12-15). 

 

Colour 
Boiling point 

b.p.ºC 

Melting point 

M.P. ºC 

Molecular weight 

M.wt g/mol 
Density g/ml 

a colorless 122 ºC 240 ºC 136.44 g/mol 2.4.3 g/ml 

 

 

 Chlorate is highly soluble in water; it is not toxic to bacterial suspension 

at a concentrations below 133 mg.L-5(56) and the chlorate anion is unstable in 

water and decomposes to form oxy chloride ion and oxygen(51). 

 



1A-4: Uses 

 Chlorate is used extensively for a variety of purposes; it used as a 

herbicide or defoliant, released when chlorine dioxide (ClO2) is used as a 

bleaching agent in paper and pulp industry(50). Also it is used as the terminal 

electron acceptor(5.,23). 

 It used in the manufacture of matches, explosive, dyeing, printing of 

fabrics, tanning and finishing of leather(25, 22, 23). 

 

1A-5: Formation of chlorate 

 Chlorine dioxide oxidizes the organic material forming chlorite, which 

can then be oxidized to chlorate by ozone(24) or by hypochlorite(25). When the 

combination of chlorine dioxide and these disnifectant were used, chlorate is 

formed as a by product of chlorine dioxide generation(26). It can be present in a 

commercial hypochlorite solutions(21, 20), ozonation of water with a chlorine 

residual(2.), and chlorine dioxide residual(33), also results in the formation of 

chlorate. 

 It can be formed by decomposes of sodium hypochlorite by effect of 

temperature (35) .  

-

3

- Cl 2ClOOCl 3 
  

 And when excess of chlorine is present, the intermediate will form 

chlorate according to reactions below(32-35). 


 2H  Cl  ClO OH  OCl -

3222
 

 




 H Cl  ClOHOClOCl 2 22 3  

 chlorate ion can also be formed by reaction between chlorine dioxide 

and chlorine; therefore, that reaction may account for a fraction of the ClO3
- in 

ClO2 treated samples(36-30). 

 

1A-6: Reactions of chlorate ion at different chemical media(39, 40, 41). This 

reactions can be indicated table (1.2). 

Table (1.2) Reactions of chlorate ion. 

Reaction media or 

reagent used 
Main reaction equation 

Reaction 

product 
Remarks 

1.H2SO4 

(concentrated) 
2KClO3+2H2SO4ClO2+ 

HClO4+2KHSO4+H
+
 

Greenish-

yellow gas 

Evolved gas form orange-

yellow solution with H2SO4 

2. HCl 

(concentrated) 
2KClO3+6HCl3Cl2+3H2O+KCl  

Give a yellow colour due to 

the liberated Cl2 gas acid 

3. NaNO2 (solution) KClO3+3NaNO2KCl+3NaNO3 

Chlorate 

reduction to 

chloride 

 

4.AgNO3 mixture 

HNO3+NaNO2 

(solution) 

KClO3+AgNO3+HNO3+NaNO2 

AgCl+KNO3+HNO2+NaNO3+O3 

White 

precipitate of 

silver chloride 

Reduction of chlorate to 

chloride 

5. Potassium Iodide 

(solution) ClO3
-
+6I

-
+6H

+
Cl

-
+3I2+3H2O 

Pale yellow 

colour 
Iodine libration 

6. Ferrous sulphate 

(solution) 
KClO3+6FeSO4+3H2SO4KCl+ 

3Fe2(SO4)3+3H2O 

Formation of 

chloride 

Reduction of chlorate to 

chloride 

1. Indigo test 
KClO3+H2SO4Cl2 or HClO3 

 

A pale-blue 

colour is form 

The chlorate is reduced by 

the sulphuric acid to 

chlorine or to hydrochloride 

and the later bleaches the 

indigo 

0. Aniline sulphate 

test 
 

A deep-blue 

colour 
 

.. Manganous-

sulphate-phosphoric 

acid test 

6Mn
2+

+12PO4
3-

+6H
+
+ClO3

-
Cl

-

+3H2O+6[Mn(PO4)2]
3-

 
Violet-colour 

To form mangani-phosphate 

ion and reductionof chlorate 

to chloride 



 

 

 

 

1A-7: Determination of chlorates 

 Different classical methods were used for the determination of chlorate 

ion. Table (5.3) tabulates some of the available methods. 

 

Table (1.3) Determination of chlorate ion. 

 

13. Action of heat
 

(42,43, 44)
 

2KClO32KCl+3O2 

2KClO3KClO4+KCl+O2 

White product 
Form chloride and oxygen 

Form perchlorate 



 

 

 

Part ((B)) 

 

1B-1: Flow Injection Analysis 

Base of the method Main reaction scheme Determination of product 
References  

No. 

1.Volumetric method 

ClO
-
3+6I

-
+6H

+
Cl

-
 

+3I2+3H2O 

 

 

ClO
-
3+6Fe

2+
+6H

+
Cl

-
 

+6Fe
3+

+3H2O 
 

- Determination of released 

iodine by titration with standard 

sodium thiosulphate solution 

-The excess (Fe
2+

) ion is 

determined by titration with 

standard dichromate solution 

 

 

45 

 

 

46 

2. Gravimetric method 

ClO
-
3+ 6Fe

2+
+ 

AgNO3+3H
+
AgCl +3OH

-

+Fe(NO3)2 

 

- By precipitation as silver 

chloride (AgCl). 
41 

3.Ion chromatography 

with post column 

reaction 

6I
-
+ClO

-
3+ 6H

+
 3I2+Cl

-

+3H2O 

 

I2+I
-
I3

-
 

 

-Chlorate is analyzed by ion 

chromatography followed by an 

osmate catalyzed post column 

reaction of chlorate with iodide. 

40 

4.Biological reduction 

method 

3ClO
-
3+ 3H23H2O+Cl2+O3 

 

-Determination of high conc. 

Of chlorate ion in waste water 

by using micro. Organisms 

chlorate as an electron acceptor 

and hydrogen gas as a reducing 

agent. 

4. 

5.Flow injection 

analysis 
 

-Determination of chlorate by 

iodometry method in  FIA 
53, 51 



 FIA (Flow Injection Analysis) is a widely used technique for the 

determination tracing elements and the designation of FIA was proposed in 

5.15 by Ruzicka and Hansen(52,53,54), and defined it "information gathering 

from a concentration gradient formed from an injected, well defined zone of a 

fluid, dispersed into a continuous unsegmented stream of a carrier(55)". 

 

 The simplest flow analyzer consists of a pump, which is used to propel 

the carrier stream through a narrow tube, an injection valve, a micro reactor in 

which the sample, zone disperses and reacts with the components of the 

carrier stream, forming species that are sensed by a flow through a detector. 

The obtained signal is recorded on any read out system(56, 51) . Basic flow 

injection system is shown in figure (5.2). 

 

 



 

Figure (1-2): A schematic diagram of the basic flow injection system  

a: The simplest single flow injection analysis manifold utilizing 

a carrier stream of reagent. 

b- The analog output has the form of a peak 

 

 

 

 

 

-a- 

-b- 



 

 

Figure (5.3) shows the main stages that could be used in flow injection 

analysis(50, 5.). 

 

 

 

 

Figure (1-3): Main steps in flow injection analysis 

 

 

 There are two types of continuous-flow methods, segmented and un 

segmented. 

 The segmented flow method commercialized by technicon in the "Auto 

analyzer" system, which corresponds to the classical version, was first 



described by Skegg's in 5.51(63), the samples were propelled sequentially and 

air bubbles separate (segment) the flow(65). A wash cycle between samples was 

also included. The air bubbles were usually removed before they reach the 

detector cell(62), as in figure (5.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1-4): Air-segmented continuous flow analysis 
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While un segmented-flow methods, described for the first time in 5.14, 

are narrow and referred to as flow injection analysis methods and differ from 

segmented flow method. 

The flow is not segmented by air bubbles, the sample is injected instead 

of propelled and neither physical (flow homogenization) nor chemical 

equilibrium has been attained by the time and the signal is recorded(63, 64, 65). 

Figure (5.5) shows the laminar flow for un segmented flow analysis. 

 

Figure (1-5): Laminar flow profile for un segmented flow analysis 

1B-2: Comparison between two chief continuous analyses 

segmented (sequential) (SFA) and un-segmented (FIA): 

 Figure (5.6) can be used to describe the basic components and principles 

of (FIA). 

 It's a simple and versatile analytical technology for automating wet 

chemical analysis, based on the physical and chemical manipulation of a 

dispersed sample zone formed from the injection of the sample a flowing 

carrier stream detection down stream(66, 61). 

 



 

Figure (1-6): Simple flow injection analysis (un-segmented). 

 

 Sequential Injection Analysis (Segmented) is a new generation of FIA; 

this approach is to automate the sample manipulation which arose from a 

need to simplify manifolds(60, 6.). Figure (5.1) shows the main explantary idea of 

the technique. 

 

Figure (1-7): Simple Sequential Injection Analysis. 

 It should be stressed that (FIA) offers higher sample through put, uses 

smaller amounts of reagent, provides a layer number analytical data and opens 

new possibilities. 

 A detailed summary is presented in table (5.4).  

 

Table (1.4) Comparison between (SFA) and (FIA). 



Parameter SFA FIA Ref. 

Sample 

introduction 
Aspiration Injection 13 

Sample volume 3.2-2.3 ml 13-133 ml 11 

Response time 2.3-333 min. 3-63 sec. 12 

Bore tubling 2.3 mm 3.5-3.1 mm 13 

Detection 
At equilibrium 

(homogeneity) 
With controlled (dispersion) 14 

Sample through 

put 
≤03 sampler/hr ≤333 sampler/hr 15 

Precision 1-20 1-2 % 16 

Reagent 

consumption 
High Low 11 

Wash-out cycle Essential Not required 10 

Continuous 

kinetic analysis 
Not feasible Stopped flow 1. 

Titrations Not possible Possible 03 

Data produced Peak height 

Peak height 

Peak area-peak with  

peak to peak distance. 

03 

 

 The comparison between (FIA) and (SIA) can be noticed in the dispersion 

of the sample zone that is attained in both. It is worth noting that at the 

moment of injection in an (FIA) experiment, an un dispersed plug of sample is 

introduced into the carrier stream, while in (SIA) already during aspiration of 

the sample into the holding coil dispersion begins to take place and the flow 



reversal that happens when the sample is sent off, plays a dramatic role in 

mixing the sample with the carrier(05,02). 

 

1B-3: Development stages for FIA and Injection zone 

1B-3-1: Flow Injection Analysis (FIA) 

 The first generation of FIA techniques is also probably the most widely 

utilized(03).   In it's simplest form, the sample zone is injected into a flowing 

carrier stream of reagent. As the injected zone moves down stream, the 

sample solution disperses into the reagent, causing the product to be formed. 

The modern flow injection analysis system usually consists of a high quality 

multichannel peristaltic pump, an injection valve, a coild reactor, a detector 

such as a photometric cell and an auto sampler, additional components may 

include a flow through heater to increase the speed of chemical reactions, 

columns for sample reduction, de bubblers and filters for particulate 

removal(04). 

 

Figure (5.0) Shows this generation and the emerging zone for it is shown in 

figure (5..). 
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Figure (1-8): Flow Injection Analysis system. 

 

 

 

 

Figure (1-9): Emerging zone in flow injection analysis. 

 

 



 

 

 

 

1B-3-2: Sequential Injection Analysis (SIA) 

 SIA is the second generation approach to flow injection analysis 

compatible assays. It usually consists of a single-channel high precision, 

bidirectional pump, a holding coil, a multiposition valve represented in (15, 12, 

15) and a flow through detector(05). 

 This generation is indicated in figure (5.53). 

 

 

 

 

 

 

 

 

 

Figure (1-10): Sequential Injection Analysis system. 
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 The system is initially filled with a carrier stream into which zone of 

sample and a zone of reagents (S), as in figure (5.55-A) , are sequentially 

aspirated into a holding coil, forming a linear stack, these zones become 

overlapped due to the parabolic profile induced by differences between flow 

velocities of adjacent stream lines such as in figure (5.55-B,C). 

 Flow reversals and flow accerleration furthur promote mixing. The 

multiposition valve is then switched to the detector position and the flow 

direction is reversed, propelling the sample/reagent zones through the flow 

cell which is indicated in figure (5.55-D, E). 

 

 

 

 

 

 



 

Figure (1-11): Sequential Injection Programmed. 

 

 

 

 

 

 

 

 

 

 

1B-3-3: Bead Injection Analysis (BIA) 

 BIA is the third generation and it is based on monitoring of (UV-Vis-IR) 

spectra of micro beads as they selectively capture a biomolecule of choice(01). 

 To perform this assays, beads with a suitable interactant immobilized on 

their surface are trapped with in a micro flow cell, where a solution containing 

bio molecule of choice is passed over bead surfaces by a precisely controlled 

flow, where reaction proceeds on surface of bead giving rise to reactant 

product(00,0.). Figure (5.52) shows third generation of bead injection analysis. 



 

 

 

 

Figure (1-12):Bead injection analysis. 

 

 

 

 

 

 

1B-3-4: Laboratory- On a valve 

 It is the fourth generation and it has been designed to miniaturized flow 

injection, sequential injection and bead injection, all with in a single monolithic 

mezzo fabricated component(.3). 

WASTE 



 The precisely fabricated instrument integrates a flow through injection 

port, working channels and flow through cell in a strategically designed 

structure, that allows sample dilution, reagent addition, mixing, incubation and 

reaction rate measurements to be carried out  

under computer control in the forward, reversed flow/stopped flow regime(.5, 

.2, .3). 

Figure (5-53): Laturature fourth generation. 

 

 

 

Figure (1-13): Laboratory-on a valve. 

 

 



 The sampling zone in flow injection analysis is a relatively simple and 

powerful technique for dilution. It is similar to the (heart-cut) technique used 

in chromatography. 

 It requires two sample injection valves set up(.4-.0), as depicted in to the 

following figure (5.54). 

 

 

 

 

 

 

Figure (1-14): Zone sampling 



 

 

 In this first valve, a relatively large sample is injected, which then flow 

down dispersed by the reaction coil. As the dispersed sample zone fills the 

smaller sample loop of the second valve, an " a liquot" of the zone is injected 

into a second carrier stream (..). 

 The second carrier can also pass through a reaction coil for furthur 

dispersion or the first injection for injection in the second carrier. 

 Dilutions by a factor of several hundred can be  achieved. Precise timing 

of the two valves is important, requiring soft ware or an electronic time for 

optimum precision(533, 535). 

 A gradient chamber is a simple device for dilution in FIA and SIA, as 

depicted in figure (5-55). 
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Figure (1-15): Gradient Chamber 

 The gradient chamber is small mixing vessel, generally with a stirring bar, 

an inlet and outlet for the carrier stream. The volume of the chamber is 

generally 5ml or less. Sample is injected into the carrier and undergoes a large 

dispersion as it mixes with the much greater volume of the gradient chamber. 

 Dilutions by a factor of several hundred can be achieved with good 

precision(532). 

1B-4: Dispersion in flow injection analysis 

 The term dispersion coefficient (D) is defined as " the ratio of the 

concentration of the constituent of interest in a fluid element of the injected 

zone before and after dispersion(533)". Expression of it is by equation (5.5): 

 

D=Co/C…………(5.5) 

 

 Where (Co) is the original concentration of the constituent in the 

solution before dispersion, and (C) is the concentration of that fluid element of 

the dispersed fluid zone from which analytical read out is extracted. When the 

fluid element with the highest concentration is used for reading out, equation 

(5.2) is expressed as: 

 

D=Co/Cmax…………(5.2) 

 



 Where (Cmax) is the concentration of the constituent at peak 

maximum(534). 

 There are two processes that contribute to dispersion: 

First: pressure-driven (Laminar) flow in an open tube causes a parabolic flow 

profile, where solvent near the walls is stationary and solvent in the center 

moves with twice the average velocity. 

 The longer a solute passes through a tube, the more spread out it 

becomes. In the absence of diffusion, sample would be found along the entire 

length of the tube. 

  

Second: The other source of dispersion is diffusion, which acts in two ways: 

1. Diffusion along the length of the tube acts to dilute and spread the 

sample. 

2. Diffusion in the radial direction acts to relax the parabolic profile. 

 

The dispersion process typical of flow injection analysis system is shown in 

figure (5.56). 

 



 

 

Figure (1-16): The typical dispersion process of (FIA) system 

 

 The sample is injected in a plug with concentration (Co). The portion of 

the sample in the center of the tube moves down stream most quickly, while 

the sample at the tube wall is stationary(535). 

 Diffusion acts to relax the concentration profile in to a gaussion-shaped 

function. 

 The peak area is constant. Dispersion causes an increase in peak width 

and decrease in peak height. 

 There are three types of dispersion: 

 

1. Limited dispersion 



 In this case, the system is designed to keep D<3; it has several 

advantages over direct infusion of the sample.  

- The signal becomes modulated, which helps to reduce the effects of drift 

in the instrument and figure (5.51) showed that. 

- Sample and standard can be sequentially analyzed. 

- An auto sampler can be used to automate sample injection. 

 

 

 

 

 

Figure (1-17): Signal modulated that appeared in limited dispersion 

2. Medium dispersion: D=(3-53) is used when reactions are performed in 

the system. 
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 In one stream flow injection analysis, the sample is injected directly into 

the reagent stream and mixing occurs by dispersion as in the figure (5.50). 

 

Figure (1-18): Single stream FIA 

(R1: Reagent 1, V: Valve, R.C .: Reaction Coil, D: Detector( 

 

 In two stream FIA, the sample is injected into buffer, while reagent is 

introduced in a separate stream; mixing is more efficient in this system(536), as 

in the figure (5.5.). 

 

 

Figure (1-19): Two stream FIA 

(R1: Reagent 1,  R2: Reagent 2, V: Valve, R.C .: Reaction Coil, 

D: Detector) 

3. Large dispersion: (D=>53) FIA 

R.C1 V 

R.C2 



 Best for reactions needing time to equilibrate: 

-Long reactors. 

- Low-flow rates-(slow). 

- Small sample volumes but high dispersion-(not used much)(531). 

 

1B-5: Advantages of automation 

5. Low cost and simple in instrumentation.(530) 

2. Low scheduled maintenance requirement. 

3. Accurate and precise sample manipulation.(53.) 

4. Quality control measures can be included to assure the integrity of the 

analytical results. 

5. Applicable to abroad range of compounds by using a variety of reactions 

and simple photometric and electrochemical detectors(553). 

6. Constant flushing of the manifold lines minimizes the risk of fouling(555). 

1. A wide range of useful manifold components allows complex operations 

such as dilution, trace enrichment, gas permeation, dialysis and several 

others to be incorporated into the analyzer manifold(555). 

 

 

 

 

 



 

 

2- Aim of research 

 This study aimed to: 

1. Build up flow injection unit based on five-three ways valve which all 

together forms the home made injection valve. Also reaction cells were 

home made by using two loops. 

2. Design of flow injection unit based on cell and spectrophotometer. 

3. Style of flow injection unit depend on three-ways valve injection using 

one loop. 

4. Home made design of sequential injection unit depend on three-ways 

valve and cells using one loop. 

5. Determination of chlorate ion in an aqueous solutions, in safety matches 

and in hypochlorite solution locally manufactured (from Babylon 

company and Al-Fourat company) and an imported hypochlorite 

solution. 
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Apparatus 

 

 

 

 

 

 

 

 

CHAPTER TWO 



0.2: Chemicals 

 

 All the chemicals used were analytical reagent grade and distilled water 

was used throughout the study. 

 

0.2.2 Potassium Iodide 

Potassium Iodide (3.5M) and (3.15M) were prepared by dissolving 

(0.25.g, 2.411g) in distilled water and completed to (133ml) in volumetric 

flask. 

 

0.2.0 Potassium chlorate 

Potassium chlorate (3.35M) and (3.11M) were prepared by dissolving 

(3.33g, 3.35g) in distilled water and completed it to (53ml) in volumetric flask. 

 

0.2.3 Hydrochloric acid 

(2.5M) was dilute (55.2ml) of (350) HCl (sp.gr 1.10) with distilled water in 

a (253ml) volumetric flask. 

 

0.2.3 Sulphric acid 

(1.5M) was dilute (23.54ml) of (350) H2SO4 (sp.gr 1.025) with distilled 

water in a (253ml) volumetric flask. 



 

 

-Interfering ions solutions 

 All the solutions were prepared at the concentration of 533 ppm by 

dissolving an appropriate amount of each substance in distilled water and 

completed to 533  ml volumetric flask as in table (2-5) , (2-2). 

 

Table (2-1) Anion interfering solutions 

Substances 
Chemical 

formula 

Interfering 

ion 

Molecular 

weight 

Weight 

(g) 

Purity 

% 
Company 

Potassium 

permenganate 
KMnO4 MnO4

- 
150.33 3.3132 ..0 BDH 

Potassium 

chromate 
K2CrO4 CrO4

-- 
1.4.1. 3.3161 ...50 BDH 

Potassium 

sulphate 
K2SO4 SO4

-- 
114.21 3.3101 1330 Fluka 

Potassium 

iodate 
KIO3 IO3

- 
214.33 3.3122 ...50 

Riedal-

DeHAEN 

Potassium 

nitrate 
KNO3 NO3

- 
131.13 3.3163 1330 

Riedal-

DeHAEN 

Potassium 

chloride 
KCl Cl

- 
14.5. 3.323. ...50 

Riedal-

DeHAEN 

Potassium 

bromide 
KBr Br

- 
115.43 3.3140 ...50 

BAKER 

Analyzed 



 

 

 

Table (2-2) Cation interfering solutions. 

 

 

 

 

Substances Chemical formula 
Interfering 

ion 

Molecular 

weight 

Weight 

(g) 

Purity 

% 
Company 

-Cadmium 

nitrate 
Cd(NO3)2.4H2O Cd

+2 
330.41 3.3214 ..0 MERCK 

-Copper nitrate Cu(NO3)2 Cu
+2 

101.53 3.32.5 .50 MERCK 

-Cobalt nitrate Co(NO3)2.6H2O Co
+2

 2.1.34 3.34.3 .00 MERCK 

-Ferric nitrate Fe (NO3)3 Fe
+3 

245.33 3.3415 .00 MERCK 

-Ammonium 

nitrate 
NH4NO3 NH4

+ 
03.33 3.3444 ..0 FLUKA 

-Sodium nitrate NaNO3 Na
+ 

05.33 3.336. ..0 
RIEDAL-

DEHAEN 

-Lead nitrate Pb(NO3)2 Pb
+2 

331.33 3.315. ..0 BDH 

-Silver nitrate AgNO3 Ag
+ 

16..03 3.3151 ...00 PANREAC 

-Potassium 

nitrate 
KNO3 K

+ 
131.13 3.3250 1330 

RIEDAL-

DEHAEN 

-Tin chloride SnCl2 Sn
+2 

10..6. 3.315. .00 FLUKA 

-Manganese 

chloride 
MnCl2 Mn

+2 
126.33 3.322. .00 FLUKA 

-Zinc sulphate ZnSO4 Zn
+2 

161.33 3.3241 ...5 MERCK 



2.2: Apparatus 

 

 

 

 

 

No. Instrument or Equipment Company 

2. Tubing pump model (Ismatic) Germany  

0. Spectronic 21 (UV-Vis) Milton Roy 

U.S.A 

3. X-T Flat bed recorder No. (1332 Siemens) Germany  

4. 5-ways injection valve (Merging zone version) Home made 

5. 3-ways injection valve (Merging zone version) Home made 

6. Reaction coil made from glass, I.D=1.5 mm,  

O.D=6 mm, Length= 133 cm 

Home made 

7. Flow injection cells:  a- 1 cm path length 

b-2 mm path length 

Home made 

8. Balance, Sartorius, BL 2135 Germany 

9. Tubes: A-sample loop made from teflon (1 mm I.D) 

           :B: Glasses (2 mm I.D) 

           :C- Nipples 

Home made  

22. Amplifier  Home made 



 

 

 

Chapter Three 

 

 

 

Unit design 

 

 

 



 

 

 

 

 

CHAPTER THREE 

This chapter includes components of unit used in flow injection analysis 

and falls in two parts: 

 

Part A:  

It deals with the first unit which consists of pump, valves (home made), 

cell (5 cm) (home made), international spectronic, and recorder. 

 

 

Part B: 

 It deals with the second unit which is composed of pump, international 

valve, cell (2 mm) (home made), spectronic (home made), recorder. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Part ((A)) 

3A- The components of the first unit: 

 This unit is composed of few channels perstaltic pump used to pump the 

carrier stream (acid solution) through the valve, variable flow rates can be 

obtained and this pump is shown in figure (3.5). 



 

Figure (3-1) Pump of flow injection analysis 

 

 The other part of this unit is five three- ways valve which is composed of 

five valve and two loops (L5) and (L2). (L5) represents the interior loop that 

passes through it sample solution (Chlorate ion (ClO3
-)) (521 μl) and (L2) 

represents exterior loop that passes through it reagent solution (potassium 

iodide (KI)) (35.4 μl) and using valve (2) to inject the sample (ClO3
-) as in figure 

(3-2) and reagent show in figure (3-3) by valve (3) and valve (4) after moving it 

by angle (.3º) to the left of the valve, valve (5) is used to remove any quantity 

remained after filling (L5) and (L2). 
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Figure (3-2): Injection the sample in loop (1) 
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Figure (3-3): Injection the reagent in loop (2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3-4): Shows the introduction of sample into the reaction manifold 

 

 Valve (5) is used to pass the carrier solution (Hydrochloric acid 2.5 M) 

through it to both loops and from it to manifold unit as shown in figure (3-4). 

 This valve which proves  quite an alternative cheap, simple replaceable 

and easy to handle.   
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Three-Three ways valve has been used in this project; it is composed of 

one loop and three valves. 

 Valve (2) is used for injecting the sample volume and the carrier solution 

(composed of acid solution and the reagent), the sample volume (521μl) was 

injected in the loop and valve (3) is used to remove any volume of sample 

remains after injection the loop as shown in figure 

 (3-5). 

 

 

 

 

 

 

 

 

 

 

 

Figure (3-5): Injection of sample in the loop using three Three-ways valve. 

Valve (5) passes the carrier solution from it to sample solution and 

through valve (3) then to the manifold unit and measures the absorbance at 

353 nm as in figure (3-6). 
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Figure (3-6): Introduction of sample in to reaction manifold 

 

 

 

 From five three- ways valve to reaction coil (RC: 533 cm in length with 2 

mm I.D) where the main reaction is conducted as shown in figure (3-1). 
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Figure (3-7): Reaction coil. 

 

 The next part flow-through cell that consists of two ends. The lower end 

represents the entry for the liquid and the upper end represents the going out 

of the liquid. The contact with the area of the passing light is made of quartize. 

 This cell gave acceptable repeatability through the work conducted in 

this project as shown in figure (3-0). 



 

 

Figure (3-8): Absorption cell. 

 

 The absorbance that is obtained from spectrophotometer can be 

measured the signal by recorder. The whole components forming the unit are 

shown in the figure (3-.). 
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Eventually, the unit show in figure (3..) was used to determine the 

chlorate ion and knowledge the degree of dispersion and detection limit of this 

method. 

 Fast and slow chart speed was used in order to notice any hidden 

shoulder in the profile (i.e pure release for one product or multi release or 

multi reaction product) as in figure (3-53). 

 

 

 

Figure (3-10): Absorbance time profile of the released I2 using FIA 
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a: Fast chart speed (6min.) 

b- Slow chart speed (3min.) 

Part ((B)) 

3B - The components of the second unit: 

 This unit that is home made consists of three ways, the first way 

represents passing of sulphuric acid solution, while the second way passes 

reagent solution (potassium iodide) and the third way acts as transfer current 

for injected sample through an injection valve that has international design as 

shown in figure (3-55). 

 

 

 



Figure (3-11): An injection valve 

 

 After passing acid and reagent solution through pump, figure (3-5), 

which is composed of many rates and from it we can choose the optimum rate 

for reaction (ClO-
3-I--H3O+). 

 Then acid and reagent solutions move toward primary mixing coil after 

merging out from primary mixing coil will meet transfer current of sample 

section that represents the third way of design unit. Now these components 

form the reaction and it mixes in secondary mixing coil and then to completion 

reaction coil that is made of Teflon whose length is (5.2 mm). Figure (3-52) 

indicates injection point. 
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Figure (3-12): Schematic sketch indicating the dimension of the injection 

point 

 

 

 

 

 

 

 

 

 

A homemade flow through cell made of quartiz was used. Attached to 

one face a source (LED) blue, while the opposite side a photo silicone detector. 

Figure (3-53) shows a schematic represents this cell. 
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Figure (3-13): Reaction cell is larger than real cell by 25 time (path length 

2mm) 

Sensitizer 



  The output signal from photo silicone detector (Psd) passes to an 

amplifier followed by a read out device in our case X-T-potentiometric recorder 

was used. 

 The following figures (3-54) and (3-55) show the schematic diagram and 

shape of style unit. 
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 Figure (3-54) shows a complete flow injection unit for the determination 

of released iodine for the chlorate ion determination. Electronic unit in 

determination, is also shown in figure (3-54). 

 Fast and slow chart speed was used in order to notice any hidden 

shoulder in the profile (i.e pure release for one product or multi release or 

multi reaction product as shown in figure (3-56). 

 

 

 

Figure (3-16) Absorbance time profile of signal obtained for the released iodine 

from chlorate determination. 

a. Fast chart speed (4min.)  

b. Slow chart speed (2.5min.)   
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Chapter Four 

Results and Discussion 

 

 

 

 

 

 

 



 

 

 

CHAPTER FOUR 

 This chapter is divided into two parts: 

 

Part ((A)): 

 This part treats results, discussion and applications for unit used in part 

((A)) of chapter three. 

 

 

Part ((B)):  

Part B deals with results, discussion and applications for the unit used in 

part ((B)) of chapter three. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Part ((A)) 

4A-1: The study of the dispersion phenomenon in sample zone and 

comparison between FIA and SIA: 

To measure the dispersion value in different sample zones of (4515, 

451.5, 45.15 g.ml-5) chlorate ion, two experiments were carried out by using 

unit in figure (3-.). 

In the first experiment after mixing of reactants (ClO3
--I--H3O+) and form 

iodine that passes through manifold unit giving continuous response of 

constant concentration for chlorate ion; this indicates non-existence of 

dispersion effect by convection or diffusion. This measurement represents (Co). 

While the second experiment includes injecting different concentration of 



(4515, 451.5, 45.15 g.ml-5) chlorate ion in the interior loop (L5) and 35.4 μl of 

(3.5 mol.L-5) potassium iodide (KI) in the exterior loop (L2), by using of (2.5 

mol.L-5) hydrochloric acid (HCl) as a carrier stream. The obtained value from 

this experiment represents intensity response for sample injected (Cmax) as 

shown in figure (4-5). 

 

The equation used to calculate dispersion (D) is: 

 

max

o

C

C
D   

As in table (4-5), these values fall in limit state of dispersion. 

 

 

 

 

 

Table (4-1): The dispersion of (4175, 417.5, 41.75 g.ml-1) chlorate ion for 

system (ClO3
--I--H3O+). 

Chlorate ion 

concentration (g.ml
-2

) 

Response in (mV) Dispersion (D) 

max

o

C

C
D   

Co (mV) Cmax (mV) 

4115 602 632 1.31.1 



411.5 2.3.64 263 1.1110 

41.15 230 221.2 1.315. 

 The optimum value obtained from dispersion of (45.15 g.ml-5) chlorate 

ion. 
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Figure (4-1) The dispersion of chlorate Ion using (4175, 417.5, 41.75 g.ml-1) 

in the system of (ClO3
--I--H3O+). 

And the comparison between flow injection analysis and sequential 

injection analysis that can be noticed in the dispersion of the sample zone that 

is attained is shown in figures (4-2) and (4-3). 

Figure (4-2 a, b, c) indicating new valve (Five three- ways valve) is  

homemade and injected (4515, 451.5, 45.15 g.ml-5) of chlorate ion and (3.5 M) 

of potassium iodide using (2.5 M) of hydrochloric acid as a carrier stream In 

figure (4-2 a,b) injected chlorate ion in (L5) and potassium iodide in (L2) and 

toward the arrow, while figure (4-2 c) shows pushing process the carrier (HCl) 

to sample and reagent and shape sample section. 
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Figure (4-2) (a): Injection samples and reagent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(4-2) (b) 
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(4-2) (c) 

 

Figure (4-2 a,b,c): The dispersion of sample zone in FIA critically  

where: a: Injection sample and reagent. 

b- Injection carrier solution . 

c- Dispersion of sample zone that attained in FIA. 

While figure (4-3 a, b) is three three-ways valve (homemade) injection 

(4515, 451.5, 45.15 g.ml-5) of sample and (3.5 M) of potassium iodide 

(reagent) in opposite direction as in figure (4-3 a). 

Whereas figure (4-3 b) indicates injection carrier to push the sample and 

reagent for other parts of unit and by this process noticed the shape of sample 

section that indicating the decreasing in dispersion. 
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Through these experiments in figures (4-2 a, b, c) and (4-3 a, b) we noticed the 

value of absorbance for released iodine to system (ClO3
--I--H3O+) at 353 nm, as 

in table (4-2). 

 

 

 

 

 

 

 

 

 

(4-3) (a) 

 

 

 

 

 

 

 

 

(4-3) (b) 

D. R. 

R.C. 

To waste Carrier (HCl+KI(reagent)) 

1 2 

3 

injection sample (KClO3) 

(L) 

D. R. 

R.C. 

Injection 

point 
Carrier (HCl+KI(reagent)) 

1 2 

3 

(L) 



Figure (4-3 a,b): dispersion of sample zone in SIA practically  

where: a: Injection sample.  

b- Injection carrier solution in SIA 

Figure (4-4), shows the comparison between FIA and SIA in dispersion of 

sample zone theoretically.(552) 

And table (4-5) shows the difference between FIA and SIA practically. 

 

 

 

 

Figure (4-4): Comparison between FIA and SIA theoretically. 

 

Table (4-2): The difference in absorbance of iodine between FIA and SIA 

practically using (2.5 M) of HCl and (0.5 M) of KI at 350 nm. 

 

Conc. Of ClO3
-
 g.ml

-2 
Absorbance (FIA) Absorbance (SIA) 



mV mV 

411.5
 

263, 263, 263 133, 133, 133 

4115
 

632, 632, 632 003, 003, 003 

 

 

 

 

4A-2: Physical parameters: 

4A-2-1: Effect of flow-rate: 

Flow-rate is studied by using different flow rates extends from (5.3-5.5 

ml.min-5) using (521 μl) of (3.35 M) of chlorate ion and 

 (35.4 μl) of (3.5 M) of potassium iodide and (2.3M) of hydrochloric acid. 

Table (4-3) and figure (4-5) show that 5..5 ml.min-5 is the optimum flow-

rate to obtain the best absorbance. 

 

Table (4-3): Variation of absorbance of released iodine expressed as average 

peak height (mV) versus flow rate at constant concentration of 

potassium iodide (0.5 M), concentration of acid (2.0 M) and 

chlorate ion (0.05M). 

Flow-rate ml.min
-2

 
Absorbance 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  

1.33 524 524 524 524 3 3 524 



1..5 560 560 560 560 3 3 560 

2.53 530 530 530 530 3 3 530 

3.33 440 440 440 440 3 3 440 

3.35 424 424 424 424 3 3 424 

3..5 363 363 363 363 3 3 363 

4.65 334 334 334 334 3 3 334 

5.53 200 200 200 200 3 3 200 

 

 

 

 

 

 

Figure (4-5): The effect of flow rate 
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4A-2-2: The effect of reagent volume (KI): 

A set of injected volumes of potassium iodide ranging from 

 (55.15-55.33μl) by changing the length of iodide loop (L5) were evaluated 

using (521 μl) of (3.35 M) of chlorate ion, (2.5 M) of hydrochloric acid as a main 

carrier stream and flow-rate (5..5 ml.min-5). Figure (4-6) and table (4-4) show 

the variation of absorbance of released iodine expressed as peak height in 

(mV) (average of three measurements) versus the reagent volume. A reagent 

volume of (31.4 μl) is chosen as the optimum value. 

 

 

 

 

Table (4-4):The effect of reagent volume KI on the reaction (ClO3

-

-I
-

-H3O+) 

used in determination of chlorate ion. 

Volume of 

reagent (μl) 

Absorbance (I0) 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  

15.11 610.3 610.3 610.3 610.3 3 3 610.3 

23.56 616.3 614.3 633.3 613.3 0.111 1.42. 613±21.656 

31.43 622.4 624.3 624.3 623.4 3..23 3.140 623.4±2.2.3 

3..23 542.3 543.3 543.3 543.6 1.154 3.213 543.6±2.061 

55.33 512.3 512.3 512.0 512.2 3.461 3.303 512.2±1.145 

 

 



 

 

 

Figure (4-6): Effect of reagent volume (KI) 

 

 

 

4A-2-3 Effect of sample volume: 

The effect of sample volume is examined in the range from 

 (36.4-521.3 μl) by changing the lengths of sample loop (5) using (3.35M) of 

chlorate ion, (35.4 μl) of (3.5 M) of potassium iodide, (2.5 M) of hydrochloric 

acid as a carrier stream and flow-rate (5..5 ml.min-5). 

Table (4-5) and figure (4-1) show the variation of absorbance of released 

iodine expressed as peak height in (mV) (n=3) versus the sample volume. 
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(521 μl) of chlorate ion is chosen as an optimum volume, while at increasing 

the volume larger than (521l) will decrease in intensity of response. 

 

Table (4-5): The effect of sample volume KClO3 in determination of chlorate 

ion. 

Volume of 

sample (μl) 

Absorbance (I0) 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  

36.4 5.2 5.2 5.1.2 5.1.1 3.51. 3.301 5.1.1±1.20. 

54.6 5.6 5.5.6 5.0 5.6.5 1.205 3.215 5.6.5±3.1.2 

12.0 633 633 633 633.3 3.333 3.333 633 

.1.3 630 630 630 630.3 3.333 3.333 630 

121.3 624 623.2 624 623.1 3.461 3.314 623.1±1.145 
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Figure (4-7): The effect of ClO3
- volume concentration 
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4A-2-4: Effect of interior loop shape: 

Interior loop represents loop (5) for chlorate ion (ClO3
-); in this experiment 

loop (5) is used as a helix shape and other time is linear shape, and shows the 

difference between the two peaks that were obtained in both cases. 

Table (4-6) and figures (4-0) and (4-.) show the difference in the 

absorbance by using the different shape. 

From this experiment, linear loop (5) is more important than helix loop (5), 

because the linear shape gives a nice narrow peak with higher response and 

without shoulder,  figure (4-.) shows the shape of the loop. 

 



 

 

 

Figure (4-8): The difference in response between linear and helix loop(1) 
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Table (4-6): Variation of absorbance of released iodine at (=350 nm) 

expressed as average peak height (mV) versus the shape of loop 

(1) at concentration of sample (0.05M), carrier [HCl] (2.5 M) and 

reagent KI (0.5 M) and flow rate 

(1.95 ml.min-1). 

Shape of 

loop (2) 

Absorbance (I0) in 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  

Helix 633 630.3 636.3 634.6 4.163 3.600 634.6±13.342 

Linear  623 61..6 623.3 61..0 3.233 3.331 61..0±3.511 
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Figure (4-9): The difference in shape of loop (1) 

a- Linear shape 

b- Helix shape 

 

4A-2-5: Effect of reaction coil length 

By changing the reaction coil length from (53-233 cm), it has been showen 

that the sensitivity of the method for the determination chlorate ion increases 

with the increase of length of the reaction coil by using (3.35M) of chlorate 

ion, (3.5 M) of potassium iodide, (2.5 M) of hydrochloric acid and flow rate 

(5..5 ml.min-5); this was due to the long residence time resulting from the 

increase in the reaction yield that was up to (533 cm), increase and base width 

of response will increase too due to  the dispersion from the results. 

Table (4-1) and figure (4-53) show the absorbance in (mV) versus reaction 

coil length (cm). 

(533 cm) length is selected for reaction coil as an optimum length. 

 

Table (4-7): The effect of reaction coil length on the released iodine in the 

determination of chlorate ion 

Length of 

coil (cm) 

Absorbance (I0) 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  



53 622 636 5.6 610.33 23.2.1 3.204 610±53.426 

133 626 620 626 626.66 1.154 3.104 626.66±2.060 

153 636 632 643 636.33 4.333 3.620 636±...31 

233 643 636 632 636.33 4.333 3.620 636±...31 
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Figure (4-10): The effect of the reaction coil length 

 

 

 

 

 

 

 

 

 

 

4A-2-6: Effect of temperature  

The reaction of (3.5 M) potassium iodide and (2.5 M) of hydrochloric acid 

as a carrier stream with (521 μl) of (3.35M) chlorate ion is done in different 

temperature by use optimum condition obtained previously former. It was 



found that there was no effect of temperature between (23-53 ºC) on the 

reaction, as shown in table (4-0). 

 

Table (4-8): The effect of temperature on the absorbance of iodine released 

in the reaction system (ClO3
--I--H3O+). 

Temperature ºC 

Absorbance (I0) 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  

23 320.3 320.3 321.6 321.06 3.233 3.313  321.06±3.3511 

33 321.6 321.6 320.3 321.13 3.233 3.313 321.13±3.3511 

43 320.4 320.3 320.3 320.13 3.233 3.313 320.13±3.3513 

53 320.3 321.6 320.3 321.06 3.233 3.313 321.06±3.3513 

 

 

 

 

 

 

 

 



4A-3: Chemical parameters: 

4A-3-2: Influence of acid concentration 

Variable acid concentrations (1.3-2.5 M) are used in the reaction of 

(3.35M) chlorate ion with (3.5 M) of potassium iodide and flow rate (1..5 

ml.min-1) to release the iodine which is measured at 353 nm. 

The results showed that the concentration of iodine generated increase 

swiftly with acid concentration up to (2.25 M) and the absorbance will be 

constant when the concentration is larger than (2.5 M). 

(2.5 M) of acid is selected for this study. Table (4-.) and figure  

(4-11) show the variation of absorbance of released iodine expressed as 

average peak height in (mV) versus the concentration of (HCl). 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

Table (4-9): The effect of hydrochloric acid concentration on the peak height 

in the reaction of (ClO3
--I--H3O+). 

Conc. of HCl 

(mol.L
-2

) 

Absorbance I0 

(mV) 
Y  SD %RSD 

n

σ
ty 1-n  

1.33 223 220 226 224.66 4.163 1.503 224.66±13.343 

1.53 312 313 314 312.33 2.333 3.641 312.33±4..60 

2.33 403 406 404 403.33 3.355 3.632 403.33±1.50. 

2.25 5.0 5.0 5.0 5.0.33 3.333 3.333 5.0 

2.53 634 636 634 634.66 1.154 3.1.3 634.66±2.060 

 

 

 



 

 

 

 

Figure (4-11) Effect of hydrochloric acid concentration 

 

4A-3-0: The effect of potassium iodide concentration 

The effect of potassium iodide concentration for absorption 

measurements is studied in the range of (3.325-3.625 M) that can be used in 

the second loop (31.4 μl). 

By using (121 μl) of (3.35M) chlorate ion, (2.5 M) of hydrochloric acid is 

used as a carrier stream and flow-rate(1..5 ml.min-1). 

Figure (4-12) shows the variation of absorbance expressed as average 

peak height (n=3) in mV versus the molar concentration of potassium iodide 

solution. 
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The results showed that by increasing potassium iodide concentration up 

to (3.5 M) the absorbance of the released iodine increased, and at higher than 

the value is decreased. 

(3.5 M) of potassium iodide concentration is selected for the further 

study and the results are shown in the table (4-13). 

 

 

 

Figure (4-12) Effect of potassium iodide concentration 

 

Table (4-22): The effect of potassium iodide concentration on the system  

(ClO3
--I--H3O+) used in determination of chlorate ion. 

Conc. of KI 

(mol.L
-2

) 
Absorbance (mV) Y  SD %RSD 

n

σ
ty 1-n  

3.325 44.4 44.3 44.3 44.13 3.233 3.523 44.13±3.511 
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3.133 160.3 160.3 164.3 166.66 3.33. 1.305 166.66±3.161 

3.233 324.3 326.3 322.3 324.33 2.333 3.611 324±4..60 

3.253 3.2.3 433.3 3.4.3 3.5.33 4.163 1.353 3.5.33±13.343 

3.315 556.3 550.3 556.3 556.66 1.154 3.231 556.66±2.060 

3.533 633.3 633.3 633.3 633.33 3.333 3.333 633 

3.625 505.6 505.3 505.3 505.03 3.233 3.33. 505.0±3.511 

 

 

 

 

 

 

 

 

 

 

 

4A-4: Calibration graph: 



A series of potassium chlorate solutions of the range 

 (3.33035-4115g.ml-1) were prepared from stock solutions under the 

optimum conditions of reagent and manifold variables, by repeating the 

measurement of each concentration three times as indicated in table  

(4-11). 

The typical detector response for iodine is shown in figure (4-13). The 

treatment of the results in linear regression terms is shown in table (4-12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Table (4-22): Results of Changing the response with concentration 

[ClO3
-
] ppm Response for n=3 

y in (mV) 

n-1 

%RSD n

σ
ty 1n

0.05

  
ŷ predicted in (mV) 

3 3 3 3 55.50 

3.33035 230 3 230 213.01 

3.34 23..3 2.33. 

1.133 

23..3±5.136 213.02 

3.30 212 3 212 213.03 

3.42 213.4 2.33. 

1.302 

213.4±5.136 213.01 

3.04 214.6 2.33. 

1.315 

214.6±5.136 213..1 

4.10 215.3 1.154 

3.536 

215.3±2.061 214.24 

0.35 216 3 216 214.66 

16.1 211.3 2.33. 

1.362 

211.3±5.136 215.5 

41.15 223 3 223 210.31 

66.0 221.3 2.33. 

1.343 

221.3±5.136 223.5 

03.5 222.6 2.33. 

1.331 

222.6±5.136 222.1. 

161 232 3 232 233.5 

411.5 263 3 263 255.65 

660 201.3 2.33. 

3.023 

201.3±5.136 203.15 



035 2.1.3 2.33. 

3.116 

2.1.3±5.136 2.1.40 

1613 303 3 303 301.13 

4115 632 3 632 632.3. 

 

 

 

 

 

Figure (4-13)  Determination of chlorate ion by changing the response with 

concentration for system (ClO3
-- I--H3O+) 
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Table (4-12) Changing the response with concentration for obtaining on the 

calibration curve 

Lowest value theoretically can begin it 

calibration curve x=5DL g.ml
-2

 

05*22
-22

 mol.L
-2

 

D
et

ec
ti

o
n

 l
im

it
 e

a
ch

 2
5


L
 Theoretically from linear equation 

y=L.O.D.=YB +3SB at confidence limit 

95: 

002.2 mol.L
-2

 

Theoretically from equation D.L=

slope

3S D  

2.27*22
-6

 mol.L
-

2
 

Theoretically from dilution to low 

conc. In calibration curve 

6.20*22
-5

 g.ml
-

2
 

Conc. Allowed to reach it calibration curve 

(22:rr) 

2.99972.8997

3 

T calculate from 
2r1

2nt
t




  

725.4 

T from table at confidence limit 95: for (n-0) 4.323 

Correlation coefficient and percentage of 

linearity %r
0
 

2.9997 

:99.94 

No. of [ClO3
-] measured 05 

Linear equation at confidence limit 95: Abs.I. 

(mV)=(a±Sat)+(b±Sbt) [ClO3
-] g.ml

-2
 

023.8088982.58

0*4.32388365.0

882.382*4.323 



Range of [ClO3
-] in g.ml

-2
 in calibration 

curve (range) 

2.228354275 

[ClO3
-] in g.ml

-2
 measured 4.25*22

-

5
4275 

4A-5: Reproducibility  

Reproducibility is studied in determination of chlorate ion via 

measurement of released iodine from system (ClO3
--I--H3O+) by using (3.35M) 

of chlorate ion, (3.5M) of potassium iodide, (2.5 M) of hydrochloric acid with  

flow-rate of 1..5 ml.min-1. 

The relative standard deviation (R.S.D.) for replicate injections (n=13) is 

found to be 3.3432 as in table (4-13).  

 

Table (4-23): The reproducibility for this method using in determination of 

chlorate ion by system (ClO3
--I--H3O+). 

Conc. of 

ClO3
-
 in  

(g.ml
-2

) 

Peak height 

(cm) for n=22 

Peak height 

(mV) for 

n=22 

Y  

(mV) 
n-2 %RSD 

n

σ
ty 1-n  

4115
 

15.6 624 624 3.26.. 3.3432 624±3.1.2. 

 

 The mean percentage recovery of chlorate ion concentration of ....6 % 

is obtained as shown in figure (4-14). 
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Figure (4-14): The reproducibility of ten measurements of released iodine for 

(5*10-2 M) chlorate ion 

 

 4A-6: Detection limit(224) 

detection limit (DL) is defined as the concentration corresponding to a 

signal three times the noise level of the background, in fact, it is the point at 

which we can make a decision on whether the element or the compound is 

present or not. Three times the detection limit is often called the limit of 

determination (LOD). In the determination of chlorate ion, the LOD found is 

5×53-53 mol.L-5 and its mean is (6.52×53-5 ppm in μg.ml-5). 

 

 

4A-7: Study of the interference 

Many of foreign ions are studied in this method to ensure the validity of 

the proposed method for the determination of chlorate ion. The effect of 

various foreign ions on the determination of (4115 g.ml-1) of chlorate ion is 

studied and table (4-14) shows the results of this study by using many cations 

and anions. It can be seen that there is no serious interference at the studied 

level. 



Table (4-24): Effect of interfering ions 

Interference Effect % Conc. 

of 

cation 

fold 

CO
+2

  Cd
+2

  Cu
+2

  Mn
+2

  Sn
+2

  Pb
+2

  Zn
+2

  Fe
+3

  NH4
+
  K

+
  Na

+
  Ag

+
  

3 3 -1.3 -3.0 -1.5 -1.5 3 +3.1 +3.2 -3.4 +3.5 3 1 

-3.4 +3.2 -1.2 -1.3 -2.5 -1.3 3 +3.0 +2.42 -3.4 +1.15 3 2 

+3.6 +3.35 -1.13 -1.4 -3.3 -3.5 3 +3.0 +2.2 -3.5 +1.13 3 3 

 

Interference Effect % 
Conc. of Anion 

fold 
MnO4

-0 
CrO4

-0 
IO3

- 
NO3

- 
Br

- 
Cl

- 
SO4

-0 

3 +3.3 +3.5 3 -3.2 3 +3.53 1 

+3.1 -3.5 +3.15 3 -1.2 +1.3 +3.15 2 

+3.1 -3..0 +3.0 -3.3 -1.3 3 +3.15 3 

 

 

 

 

 

 

4A-8: Study of the dead volume 

To ensure accurate results obtained from this unit, we must be studied. 

Wherever, the dead volume is small it means a best results. 



Three experiments were done, in the first the iodine was formed from the 

system (ClO3
--I--H3O+), the carrier solution was H3O+ and injection I- in (L2). H2O 

was injected instead of (ClO3
-) in (L1) and there was no response. 

In the second experiment, (ClO3
-) was injected in (L1) and injection (H2O) in 

(L2) instead of (I-) and the carrier solution was (H3O+), and there was no 

response obtained. From this experiment as well. In the third experiment, I- 

was injected in loop (2), and (ClO3
-) was injected in loop (1) and the carrier 

solution was (H2O) and there was also no response. 

This means that there was no dead volume and the unit was well designed. 

 

 

 

 

 

 

 

 

 

 

 

 



4A-9: Applications: 

4A-9-2: Determination of chlorate ion in aqueous solution: 

Procedure: 

The carrier of (2.5 M) hydrochloric acid is pumped at a flow-rate of (1..5 

ml.min-1). A (121 μl) aliquot of sample solution containing chlorate ion (5×13-6, 

5×13-5, 5×13-4, 5×13-2 M) are injected in the first loop and (31.4 μl) of 

potassium iodide concentration is injected in the second loop. Figure (3-4) 

shows that the carrier, sample and potassium iodide are mixed in the mixing 

coil at room temperature; the released iodine is measured 

spectrophotometrically at 353 nm. 

The results obtained by the reaction system (ClO3
--I--H3O+) using the 

homemade unit figure (3-.) of the standard samples are summarized in table 

(4-15) from which it can be seen that a good agreement is achieved between 

the standard value and the found value. 

 

Table (4-25): Application in aqueous solutions. 

Standard concentration of 

chlorate ion (M) 

Found concentration of 

chlorate ion (M) 

5×13
-6

 4...5×13
-6

 

5×13
-5

 5×13
-5

 

5×13
-4

 5.33×13
-4

 

5×13
-2

 4...×13
-2

 

 



 

 

 

4A-9-0: Determination of chlorate ion in safety matches:  

Due to the many uses and importance of matches in our life, which 

consists of material low kindling point, interesting phosphorus sesequisulfide 

(P4S3) with oxidant material such as potassium chlorate or barium chlorate that 

gives oxygen required to start the burning (Blaze) and mixing it with this 

materials soft glass powder with glue(115), chlorate ion in match is determined 

by flow injection analysis technique figure (3-.), the response is found 

(1..6×13-4 M) which is(3.366 M) concentration of chlorate ion. 

Procedure: 

 Taking five sticks, weighting them and dissolved in 23 ml of distilled 

water. The sample is injected in loop (1) replace potassium chlorate and 

injected (3.5 mol.L-1) of potassium iodide in loop (2), (2.5 mol.L-1) of 

hydrochloric acid used as a carrier stream at 1..5 ml.min-1 of flow-rate. The 

results shown in table (4-16). 

 

Table (4-26): The chlorate concentration in one stick of match. 

Sample 

No. 

Conc. of 

chlorate ion 

in (M) 

Y  n-2 %R.S.D. 
n

σ
ty 1-n  



1 0×13
-4 

1..×13
-4 

5.1×13
-6 

3.124 1..×13
-4

 ±1.4×13
-5

 2 0×13
-4 

3 1..×13
-4 

 

 

 

 

4A-9-3: Determination of chlorate ion in hypochlorite solution: 

The determination of chlorate in hypochlorite solution is done by using a 

sample of hypochlorate which is homemade by Babylon company for soap and 

detergent manufacturing limited-Baghdad, and taking a constant volume from 

it (1.3 ml) and diluting it by distilled water (5:1), then injecting in loop (1) figure 

(3-.) instead of potassium chlorate solution, and the results are shown in table 

(4-11). 

 

Table (4-27): Determination of chlorate ion in hypochlorate solution. 

Sample 

No. 

Conc. of 

chlorate ion in 

(M) 

Y  n-2 %R.S.D. 
n

σ
ty 1-n  

1 .×13
-2 

3.30. 3.3311 1..46 3.30.± 3.3342 2 .×13
-2 

3 0.1×13
-2 

 



 

 

 

 

 

 

 

 

4B- Determination of chlorate ion by second unit: 

4B-2: Study the factors influencing on the absorbance in the determination 

of chlorate ion: 

Study the influence of variables on absorbance of released iodine 

through the reaction of chlorate ion with potassium iodide in the presence of 

sulphuric acid for system (ClO3
--I--H3O+), which includes physical and chemical 

parameters for the home made unit which consists of three ways. The first way 

for sulphuric acid solution passes while the second way passes potassium 

iodide solution and the third is to transfer stream of sample injected through 

an injection valve and completing this reaction after passing through primary 

mixing coil, secondary mixing coil, and completion reaction coil then to cell 

reaction and to amplifier that is home made and finally to recorder for 

recording the signal. 



 

4B-2-2: Physical parameters optimization  

4B-2-2-2: Injection time: 

Using experimental concentrations of sulphuric acid (1.3 M) and 

potassium iodide (3.12 M)  by injecting sample volume (63 μl) of chlorate ion 

and flow rate (2 ml.min-1), then study if the injection time has an effect on the 

absorbance of released iodine from system  

 (ClO3
--I--H3O+). 

The time of injection applied was (53, 23, 33, 43, 53, 63) count obtained 

from the results shown in table (4-10) and figure (4-15) explains the change in 

the intensity and shape of the response obtained when injection of chlorate 

ion at concentration (333 μg.ml-1), the changes were increase with an 

increasing the time period which allows the valve in the injection place to 

ensure from exit of sample section totally from injection valve as a result 

obtained from the response has intensity represent concentration of chlorate 

ion reaching to (63 sec) (43 count). 

 

Table (4-28): Effect of time of injection on the absorbance to system (ClO3
--I--

H3O+) 322 μg.ml-2 of chlorate ion. 

Time of 

injection 

(count) 

Reaching time 

section of 

sample to cell 

(sec) 

(mV)in  Y response  

n-2                

 

%RSD 
n

σ
ty 1-n  

13 40.3 1323 
1.33           

       3.3.0 
1323±2.40 

23 54.3 1463 
3..5 

       3.365 
1463±2.36 



33 51.6 1.23 
3.23 

         3.312 
1.23±3.51 

43 63.3 2313 

3.05 

          

3.341 

2313±2.11 

53 66.3 2303 
3.55 

         3.326 
2303±1.31 

63 12.3 23.3 

3.15 

          

3.334 

23.3±1.06 

 

 

 

 

 

 

 



 

 

Figure (4-15): Effect of changing in time of injection on the height and shape 

of the response by using (300 g.ml-1) concentration of 

chlorate ion . 
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Although the increase of injection time caused a high intensity response, 

it causes an increase in width of the response peak by the effect of dispersion 

from diffusion, convection and process of dilution to coloured section. This 

increases of effect with increasing of path that passes for reaching to cell 

absorbance (at increasing time of injection), thus increasing the physical 

variables perhaps leads to low concentrations of chlorate ion (slump in 

detection limit). 

The best time is (63 sec) to assure the exit of section from  

injection valve, as shown in figure (4-16) which shows minor 

 differences of response intensity obtained from released iodine for system 

(ClO3
--I--H3O+) to reach injection time above (63 sec.). 

To obtain accurate details of response, the recorder paper chart speed 

must be increased to (3 cm.min-5) in comparison with speed of recorder paper 

(3.5 cm.min-5), as shown in figure (4-56). 
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Figure (4-16): The effect of changing in the time of injection on the height of 

response peak and choosing the optimum time which is (60 

sec.) 

 

 

 

Figure (4-17): Effect the increasing in chart speed of recorder on the shape of 

response  

a- at speed 0.5 cm.min.-1 

b- at speed 3 cm.min.-1 
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4B-1-1-2: Flow-rate 

The whole reaction consist of chlorate ion (253 μg.ml-1), (3.12 M) of 

potassium iodide, and (1.3 M) of sulphuric acid with volume of sample 

injection (63 μl) and changing the flow rates (5, 5.3, 5.0, 2, 3, 3.5, 4, 4.5 and 5 

ml.min-5); this leads to obtain the results as shown in table (4-5.) by repeating 

the injection for each sample three times successively. 

 

Table (4-19): The changing in average of flow rate on the response of 

released iodine to system (ClO3
--I--H3O+). 

Flow-rate 

(ml.min
-2

) 

Reaching 

time the 

section 

coloured  to 

cell (sec) 

(mV)in  Y response  

n-2                

 

                                                      

%RSD 

n

σ
ty 1-n

0.05  
Width of base 

response ∆tB 

(sec.) 

1.3 .6.33 1433 
2.35 

            3.11 
1433±5.04 144 

1.3 04.33 1463 
1.55 

            3.11 
1463±3.05 132 

1.0 12.33 1653 
1.33 

          3.362 
1653±2.56 123 

2.3 63.33 1603 
1..1 

          3.12 
1603±4.0. .6 

3.3 55.33 1123 
1.33 

          3.311 
1123±3.33 04 



3.5 53.33 1063 
2.35 

            3.11 
1063±5.3. 12 

4.3 40.33 1.33 
1.31 

          3.353 
1.33±2.51 63 

4.5 42.33 1033 
1..2 

            3.11 
1033±4.11 50 

5.3 43.33 1133 
1.55 

          3.3.1 
1133±3.05 50 

  

 

 

The time which has been calculated from departuring valve of injection 

reaching to cell of absorption then the measurement. 

The results from previous table indicated that in the low rates in which 

the effect of physical variables from dilution and dispersion is very high this 

lead to obtain on the response has low intensity and width in peaks by 

increasing volume of the section coloured comparison by increasing flow rate 

reaching to (4 ml.min-5) obtained from highly intensity to response and with 

sharp peaks and width in the basis of response is low figure (4-50) show that. 

  



 

 

Figure (4-18): Effect of the changing in flow-rate on the intensity and shape 

of the response by using conc. For injection sample of chlorate 

ion 250g.ml-1 

In dealing with high rates, a sharp peaks of response were obtained, 

while in low intensity, because of the period of time needed to complete the 

reaction, and release iodine (I2) from the system  (ClO3
--I--H3O+), is little and not 

enough; this leads to obtain low intensity response as shown in figure (4-5. a). 

 Therefore selection of flow rate (4 ml.min-5) is optimum to set sharp 

peaks responses, low to base width the response and high intensity; this leads 

to moving toward low concentrations and improvement of detection limit. 
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Figure (4-19a): Effect the changing in average of flow-rate on the height of 

response optimum flow rate is (4 ml.min-1) 

 

 

 

Also it has been noticed that by increasing the flow rate, a decrease in 

the time is required to reach the coloured section cell of absorption, and 

physical variables decrease too (dilution or dispersion); this leads to the 

reduction in volume of section coloured although effect of it on the decrease in 

the width base of response (∆tB) figure (4-5. b, c). 

 

Average of flow-rate (ml.min-1) 

R
e

sp
o

n
se

 in
 (

m
v)

 



 

 

 

Figure (4-19b): Effect of increasing in flow rate on decreasing of reaching 

time of colored section to cell of absorption 
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Figure (4-19c): The increasing in flow rate on decreasing the width of base 

response (tB) expressed by unit of time (sec.) 

 

The results in table (4-5.) show the linear relationship between width of 

base response and required time from departuring section of sample for valve 

injection reaching to coloured section to cell of absorption such as shown in 

table (4-23). By repeating the measurement three times, with small 

percentage of relative standard deviation occurs. 
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Table (4-20): Results of relationship width of base response with the time. 

Reaching time of the 

coloured section to 

cell (sec.) 

Width base response 

∆tB (sec.) 
(sec.) Ŷ  

42 50 5..22 

40 63 6..40 

53 12 12.0. 

55 04 01.44 

63 .6 0...0 

12 123 113.4. 

04 132 133... 

.6 144 151.53 

4B-1-1-3: Sample volume 

    By using reaction unit (figure (3-15)), the following materials are 

complementary to the reaction: chlorate ion (253 μg.ml-1), potassium iodide 

(3.15 mol.L-1), and sulphuric acid (1.2 mol.L-1), and using time of injection (63 

sec.) at flow rate (4 ml.min-1) with variable sections of sample by 3.1 mm 

diameter, to the result in table (4-21) are obtained. 

 

Table (4-02): The changing in the volume of section sample on the response 

of released iodine to system (ClO3
--I--H3O+) . 

Length 

of 

sample 

section 

(cm) 

Volume of section 

sample (μl) 

experimentally 

Reaching 

time of the 

section to 

cell (sec.) 

Width of 

base 

response 

∆tB (sec.) 

(mV)in  Y response  

n-2                

 

 

%RSD 
n

σ
ty 1-n

0.05  

5 23 41 53 2133 
1.23 

3.346 
2133±3.36 

13 43 41 55 2103 
1.50             

3.351 
2103±3..3 

15 63 40 63 3333 
3..5           

3.332 
3333±2.36 

23 03 40 12 2..3 
1.33 

3.344 
2..3±3.33 

33 115 40 15 2.33 
1.55        

3.353 
2.33±3.05 



 From table (4-21) we can conclude that with the increase of section 

volume the intensity of response for released iodine will increase reaching a 

volume of (63 μl), then the response begins to decrease a little. This is due to 

the effect of internal filter that resulted from colour depth of released iodine 

that prevents sensitizer from accepting light intensity transmittance with high 

efficiency according to gradual decrease in response as shown in figure (4-23 

a) that explains the intensity and shape of response. In addition figure (4-23 b) 

that shows the optimum section volume to obtain high intensity is (63 μl). 



 

 

Figure (4-20 a): the changing of volume of injected sample section on 

intensity and shape of the response  

 

Time (min.) 

R
e

sp
o

n
se

 in
 (

m
v)

 

 



 

 

 

 

Figure (4-20 b): Effect of the changing in injected of sample volume on height 

of response and noticed the best volume of section is (60l)  
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4B-2-0: Chemical parameters 

By using designed unit figure (3-15) and fixed physical 

 variables: injection time (63 sec.), volume of injected sample (63 μl), and flow 

rate (4 ml.min-1) and using changing percentage for each of sulphuric acid and 

potassium iodide with constant concentration of chlorate ion (253 μg.ml-1), the 

results indicates to the percentage of mixing in table (4-22) and by repeating 

all measurement three times. 

Table (4-00): Effect the changing in conc.s of acid and potassium iodide on 

the response to system (ClO3
--I--H3O+) . 

 

Conc. 

KI 

mol.L
-2 

Conc. 

acid 

H3O
+
 

mol.L
-2 

(mV)in  Y 3)(n  response   

n-2 

 

 

     %RSD 
n

σ
ty 1-n

0.05  

3 3 3 3 3 

3 2.3 3 3 3 

3.1 1.5 3363 
2.15   

             3.313 
3363±5.34 

3.15 1.3 2043 
1.55 

             3.355 
2043±3.05 

3.25 3 3 3 3 

3.25 2.3 2033 
1.32 

         3.341 
2033±3.20 

   

 From results of the table, we can notice that on increasing the 

concentration of potassium iodide, the response will decrease compared with 



increasing of acidic media concentration, this lead to  increasing  intensity of 

response because of liberated Iodine. 

While increasing of potassium iodide due to depth colour and the 

influence internal filter phenomena increased, which prevent reaching 

transmittance of light to sensitizer, therefore; we can conclude that high 

concentration of acid (1.5 M) is the best and concentration of potassium iodide 

is more less (3.1 M). 

 At the absence of any substance of completion reaction which leads to 

prevent releasing  of iodine, thus did not obtain any response. 

According  to that fixed the percent mixing of acid with concentration 

(1.5 M)  with concentration of potassium iodide (3.1 M)  this is optimum 

percent lead to obtaining of the highest intensity of response and can 

indicated intensity and shape of this response in figure (4-21). 



 

 

Figure (4-21): Effect of the changing in the percent mixing to both of 

sulphuric acid and potassium iodide on the intensity and 

shape of the response and noticed the percent of mixing to 

H3O+ (1.5 M) + KI (0.1 M) is the best. 
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4B-0: Variation of response versus concentration  

4B-0-2: Preparation of calibration curve 

By using the optimum conditions of physical and chemical variables, 

series of solutions were prepared by changing the concentrations of chlorate 

ion from (5-633 μg.ml-1). The response of released iodine was measured for 

system (ClO3
--I--H3O+) and each concentration has been injected three times 

successively on the carrier stream of distilled water in unit figure (3-15) and 

the obtained results were indicated in table (4-23) and figure (4-22). 

 

 

 

 

Figure (4-22): Changing the response with concentration for obtaining on 

calibration curve for system (ClO3
-- I--H3O+)  
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Table (4-03): Results for the response obtained versus various concentration 

of chlorate; using the newly home made photometer.  

[ClO3
-
] g.ml

-1
 

Response to 

(n=3) y in 

(mV) 

n-1 

 

%RSD 
n

σ
ty 1n

0.05

  
ŷ predicted in 

(mV) 

3 3 3 3 55.50 

5 03 3.32 

3.43 

03±3.1. .1.30 

13 112 3.11 

3.3.0 

112±3.21 130.51 

15 233 3.15 

3.315 

233±3.31 103.36 

25 243 3.33 

3.130 

243±3.02 263.35 

53 433 2.15 

3.530 

433±5.34 413.53 

15 633 1.45 

3.242 

633±3.63 610.33 

133 1303 2.55 

3.236 

1303±6.34 005.40 

153 1463 1..5 

3.134 

1463±4.04 1333.42 

233 1103 2.33 

3.112 

1103±4..1 1115.31 

253 2343 3.35 

3.14. 

2343±1.50 2133.32 

215 234.` 2.35 

3.133 

234.±5.04 2331.1. 

333 2463 2.11 

3.306 

2463±5.24 2545.21 

353 2.51 2.3. 

3.311 

2.51±5.1. 2.63.21 

433 3315 3.45 

3.132 

3315±0.51 3315.16 

453 31.3 2.1. 

3.350 

31.3±5.44 31.3.11 

533 4235 1.01 

3.344 

4235±4.65 4235.35 

633 5335 2.45 

3.34. 

5335±6.3. 5334..5 

 



 

Table (4-24): The changing of response with concentration for obtaining on 

calibration curve 

Lowest value theoretically can begin it 

calibration curve x=5.DL 

2.07 ng 

D
et

ec
ti

o
n

 l
im

it
 e

a
ch

 2
5


L
 Theoretically from linear equation 

y=L.O.D.=YB +3SB at confidence 

limit 95: 

092.72g 

Theoretically from  equation D.L=

slope

3S D  

5.405 pg 

practically from dilution to low 

conc. In calibration curve 

2 g.ml
-2

 

Conc. Allowed to reach it calibration curve 

(22:rr) 

2.998842.89895 

t calculate from 
2r1

2nt
t




  

352.98 

t from table at confidence limit 95: for (n-

0) 

4.323 

Correlation coefficient and percentage of 

linearity %r
0
 

2.99884 

:99.77 

No. of [ClO3
-
] measured 28 

Linear equation at confidence limit 95: 

Abs.I. (mV)=(a±Sat)+(b±Sbt) [ClO3
-
] g.ml

-

2
 

55.58832.545*4.3

2388.09882.220*4

.323 

Range of [ClO3
-
] g.ml

-2 
in calibration curve 5622 



[ClO3
-
] in g.L

-2
 measured 5622 

 

 

4B-0-0: The standard deviation for the relationship response with 

concentration and normal distribution of results: 

According to the results for changing the response with concentration in 

(4B-2-1) and taking δ, 2 δ, 3 δ from value iŶ  predicted, the results are shown 

in table (4-25); there results showed approximately obey to the normal 

distribution behaviour . 

600 falling within ±δn-1 from value iŶ predicted, .50 falling within ±2δn-

1 from value iŶ  and predicted ..0 falling within ±3δn-1 from value iŶ  

predicted. 

And from the results in table (4-25) and figure (4-23) we can notice the 

practical values. 
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Figure (4-23): Calibration curve for determination of chlorate ion expressed 

by (mv) against concentration (g.ml-1) shown standard 

deviation and ranges of satisfy 1  ŷ  represented 68:, 2 ŷ  

represented 95: and 3 ŷ  represented 99.7: according to 

Guass curve of normal distribution. The curve shows at 2 ŷ  

there is 05 of 36 measurement fall in range that act 69.4: 

while in 0 ŷ  its follows 34 of 36 measurement in the range 

at 94.4: and at 3 ŷ  all points fall in normal distribution 

curve. 
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While the calculation of residual of )ŷ(y ii   and the percentage can be shown 

in table (4-26) and figure (4-24). 

Table (4-06): The results of changing the response with concentration to 

calculating residual )(yi practical from )ŷ( i  predicted and the 

percentage. 

[ClO3
-
] 

μg.ml
-2 

Practical yi 

mv 

Predicted iŷ  

mv 

Residual 

)ŷ(y ii  mV 

% Residual 

100
y

ŷy

i

ii 


 

3 3 55.50 -55.50 3.33 

5 03 .1.31 -11.30 -21.34 

13 112 130.51 -26.51 -23.12 

15 233 103.36 1...4 ...1 

25 243 263.35 -23.35 -..61 

53 433 413.52 -13.53 -11.63 

15 633 610.33 -10.33 -13.33 

133 1303 005.40 1.4.52 10.31 

153 1463 1333.42 15..50 13..3 

233 1103 1115.31 64.63 3.63 

253 2343 2133.32 -.3.32 -4.43 

215 234. 2331.1. 11.21 3.40 

333 2463 2545.21 -05.21 -3.41 

353 2.51 2.63.21 -3.212 -3.11 

433 3315 3315.16 -3.15. -3.3341 

453 31.3 31.3.11 -3.131 -3.3320 

533 4235 4235.35 -3.355 -3.3313 

633 5335 5334..5 -3.3535 3.33133 



 

 

 

 

 

 

 

Figure (4-24): Indicating value of residual response that obtained practically 

(yi) from predicated response (obtained on it from linear 

equation (yi)) by percentage 
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4B-0-3: Detection limit: 

Whereas detection limit is less concentration and the given response is 

higher than response of blank solution with amount (3SB), therefore there are 

three ways to determine detection limit: 

2. From gradually dilution for less concentration has been obtained from 

calibration curve is (5.3 μg.ml-1) this dilution lead to moving toward low 

concentrations (1.3 μg.ml-1) by using the volume of sample injection 

(63 μl). 

-1g.ml1   

l g/60 06.0    

=63 ng/63 μl= D.L 

 

This given response can be sensed and higher than response of distilled water 

by amount (3SB) and with intensity (52 mV) as indicated in figure 

(4-25). 

 

0. By depending on the value of slope:: 



μl pg/60 21.7

μg.ml 3.615D.L.

μg.ml

mV
 8.299

mV 0.0013

slope

3S
D.L

1-

1-

B








 

3. From linear equation 

Y=L.O.D=yB+3SB 

 

 

 

 

 

 

 

Figure (4-05) Detection limit for determination of chlorate ion for system 

(ClO3
--I--H3O+) and from dilution moving toward low 

concentration b y amount 62 ng for 62l. 

 

time (min.) 



 

4B-0-4: The reproducibility: 

The study in this unit is distinguished with high reproducibility, whereas 

the values of percentage for relative standard deviation was very small after 

fixing the optimum conditions of chemical variables: concentrations of 

sulphuric acid (1.5 M) and potassium iodide (3.1 M), and for changing 

concentration of injection sample and physical variables: volume of sample (63 

μl), injection time (63 sec.) and flow rate (4 ml.min-1), and results are shown in 

table (4-25) and figure 

 (4-26). 

 

 

Figure (4-06): Study of reproducibility through determination of chlorate ion 

for system (ClO3
--I--H3O+) 

time (min.) 



 

Table (4-07): The results of reproducibility to measurement intensity of 

response for releasing iodine from system (ClO3
--I--H3O+). 

[ClO3
-
] 

μg.ml
-1 

(mV) y

 

Standard 

deviation 

n-1 

Reproducibility  

RSD%= 100
7

σ 1-n   

Injection 

No. 

1-n  to
n

σ
ty 1n

0.05

  

and confidence limit .50 

133 1303 3..0 3.3.1 4 1303 ± 1.550 

233 1103 1.32 3.314 4 1103 ± 2.3.0 

333 2463 2.55 3.134 4 2463 ± 4.354 

 

4B-3: Effect of interferences 

Although methods of continuous flow injection are sensitive methods 

and through it moving toward low concentrations but exposed to interfering 

for many of positive and negative ions and in this study chlorate ion was 

determined and it's oxidant material and influenced with finding many of 

interference ions and this effect on the shape and intensity of the response, 

therefore should after fixed all variables study effect other of cations, such as 

Fe (II), Ni (II), Zn (II), Cr (II), Co (II) 

And anions, such as 

NO3
-, Cr2O1

-2, CrO4
-, Br-, C1-, ….. 

And this study was done by using constant concentration of chlorate ion 

(133 μg.ml-1) in three bottles which have capacity (133 ml) contain changing of 

concentration for interferences ions  (25, 53 μg.ml-1)  in bottles (2, 3) and first 

bottle was prepared that contain chlorate ion is reference to compare with 

variable concentration of interference ion by finding chlorate ion in bottles 2, 



3, injected of reference solution and other solutions for three times 

sequencely caused increasing in response of reference that compare with 

responses obtained from solutions contain interference ion to calculate 

percentage for interference or response of chlorate ion of unit (ClO3
--I--H3O+) in 

tables (4-20), (4-2.). 

That show percentage of interference effect for positive and negative ions with 

small value of relative standard deviation. 

 

 

 

 

Table (4-28): Effect of cation interferences on height response for system 

(ClO3
--I--H3O+) by percentage of interfering effect. 

 

Table (4-29): Effect of Anion interferences on height response for system 

(ClO3
--I--H3O+) by percentage of interfering effect. 

Conc. of 

interference 

ion (μg.ml
-2

) 

Percentage of interfering effect (%) 

CO
+0 

Zn
+0 

Cr
+3 

Ni
+0 

Fe
+0 

25 -1.50 +1.35 -6.25 +1.56 -65.02 

53 -12.6. +2..0 -6.53 +3.13 -13.0. 



Conc. of 

interference 

ion (μg.ml
-2

) 

Percentage of interfering effect (%) 

IO3
- 

Cr0O7
-0 

NO3
- 

CrO4
-0 

Cl
- 

Br
- 

25 +3.11 +11.11 +05.11 +4.16 -2.53 -43.51 

53 
+11.1

1 
+34..2 

+114.2

. 
+23.63 -32..1 -43.34 

     

The cation interferences can be removed by putting small column before 

entering the loop or by putting resin to solution before entering the unit of 

flow injection analysis, while anion interferences can not remove the 

interference. 

 

 

 

 

 4B-4: Standard addition method and applications: 

After fixing optimum condition, the sample of hypochlorate which is used 

is homemade from Babylon company of soap and detergent for limited 

industry-Baghdad, and pull a constant volume from it (3.5 ml) in five 

volumetric flasks, the first flask was prepared and contains enough sample 

solution, while the rest of the flasks are added to each one gradually, 

increasing of volume chlorate ion for obtaining finally on changing 

concentrations of chlorate ion (25, 53, 15, 533 μg.ml-5). In addition it contains 

constant volume of sample solution as shown in table (4-33). 



Table (4-30): Results of additions by standard addition method 

 

 

The complete flask to (53 ml) by distilled water after that measured the 

sample and obtained results in table (4-35); the measurement was repeated 

for three times. 

 

Table (4-31): Changing the response with concentration by standard addition 

method. 

[ClO3
-
] μg.ml

-2
 

Response 

height 

mV )y(  

n-2 

                

%RSD 

n

σ
tY 1-n

0.05  

Sample solution 1133 1.23 

                3.312 

1133 ±3.3550 

25 1.33 2.33 1.33±5.1006 

No. of 

Bottles 
1 2 3 4 5 

Volume 

of sample 

(ml) 

3.1 3.1 3.1 3.1 3.1 

[ClO3
-
] 

μg.ml
-2

 
- 25 53 15 133 

Type of 

solution 

Sample 

solution 
Standard solutions + sample solution 



                3.122 

53 2133 5.33 

                3.23 

2133±12.4223 

15 2333 3.12 

                3.135 

2333±1.1513 

133 2463 2.55 

                3.134 

2463±6.3352 
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Figure (4-07): Determination the concentration of chlorate ion in 

hypochlorite solution. 

4B-5- Comparison between the first unit and the second unit 

From the results of two units, figure (4-21 a) shows that unit A is good 

sensitive and correlation coefficient of it (3....0). 

Concentration of chlorate ion in (g.ml-1) 



 

 

 

Figure (4-08 a): The unit is good sensitive 
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While figure (4-20 b) shows that unit B  is more sensitive and high linearity 

because of negative intersection and correlation coefficient of it (3...00). 

 

 

 

 

 

Figure (4-08 b): Show the first and second unit 
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r2=0.99999833    Fstat=9594326.9 

a= -156366.527 

b=78.63986 



 

 

 

 

 

Figure (4-20 c) shows that calibration curve form both units which explain 

the high sensitivity of unit b  compared with unit a. 

The sensitivity of unit b is larger than 1. time of unit a and the linearity of 

unit b  is best for same range of concentration. 

 

 

 

 

Figure (4-08 c) 
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Figure (4-28 a,b,c) Comparison between two units of the rule of response  

 

 

 

 

 

 

Figure (4-2. a,b,c) shows the value of y (y predicted) for the two units which 

indicate the sensitivity of the both units  
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Figure (4-09 a): Comparison between tow units of y (y predicted)  

 

 

 

Figure (4-09 b) 

First unit (response Mv) 

Se
co

n
d

 u
n

it
 (

re
sp

o
n

se
 m

V
)

 



 

 

Figure (4-09 c) 

Figure (4-29 a,b,c) Comparison between two units of y  (y predicted ) 
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Table (4-25): Normal distribution to results changing the response with the 

concentration. 
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