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Abstract 

This study includes the design of continues injection system to determine the hydrogen peroxide (H2O2) 

containing valve is designed locally and this method is quick, cheap and characterized by high accuracy. 

The method is based on the fast reduction of the complex compound K3[Fe(CN)6] by H2O2 in basic 

medium with maximum wavelength at 420 nm. Various parameters (physical and chemical) affecting on 

the determination have been investigated such as flow rate, volume of the loop, concentration of the 

complex compound and concentration of the base. The calibration curve was prepared and the dispersion 

coefficient, reproducibility and application were studied. The linear range was (0.06 - 0.8) % at sampling 

rate of 60 sample per hour, (R2=0.9923) and the detection limit at S/N=3 was 0.02%. Dispersion 

coefficient was also measured for the method.  
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Introduction 

Flow injection analysis (FIA) arises as a 

consequence of the growing trend towards 

automation in chemical analysis, and as a 

natural evolution of the so-called continuous 

flow analysis. (CFA) which has revolutionized 

the conception of chemical analysis, 

especially in the field of clinical analysis and 

sample manipulation [1]. 

Continues flow Injection analysis (CFIA)  

introduced by Skeggs , relies on the fact that 

the sample and the reactive react while 

traveling in the tube that conducts them to 

the detector [2]. Air bubbles separate the 

portions of fluid (reactive) in order to 

diminish the longitudinal dispersion of the 

sample and the interaction between samples, 

which in turn favor mixing and increase the 

analysis frequency [3], this technique have a 

wide applications[4-6]. 

Hydrogen peroxide is an environmentally 

friendly chemical, used for oxidation 

reactions, decomposing to only oxygen and 

water, hydrogen peroxide is one of the 

cleanest chemicals available [7,8]. The 

analytical methods for H2O2 determination 

are based on different techniques such as 

volumetric titration, colorimetric, 

fluorometric, electrochemical ,luminescence, 

chemiluminescence and spectrophotometric 

methods [9-15].However, the accurate and 

rapid determination of small quantities of 

H2O2 by flow injection analysis [16]. 

Determination of hydrogen peroxide is 

usually based on the production of colored 

peroxy compounds or on its oxidizing and 

reducing properties. Based on this property, 

numerous methods have been developed for 

the determination of hydrogen peroxide [17]. 

H2O2 is widely used in the fields of foods, 

pharmaceuticals, dental products, textiles, 

environmental protection and it is also 

involved in advanced oxidation processes and 

various biochemical processes [18-21].Due to 

its mild oxidation ability, H2O2 is widely used 

in different large-scale processes such as 

those in textile, paper, food, beverages and 

pharmaceutical industries [22]. 

Experimental  

Apparatus  

Spectrophotometer Labomed in G single 

beam, USA, spectrophotometer Shimadzu 

UV-1700 spectrophotometer Japan, Recorder 

Pen Siemens C 1032 Germany, Analytical 
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balance sensitive Denver Instrument 

Germany, peristaltic pump Germany, pH 

meter Germany, files Interaction with the 

radius of 0.5 mm, homemade valves, pipes 

load of Teflon, flow cell volume of 450 μL. 

Preparations 

Series of solutions were prepared by 

dissolving 0.01g of K3 [Fe (CN) 6] with 0.2% 

of NaOH and different concentrations of 

Hydrogen peroxide (0.06% - 0.8%) in water 

and dilute the solutions with distilled water 

to 50 ml in volumetric flask. 

Design of Continuous Injection Units  

 

 
Fig.1: Photo for the real Design of continuous injection Unit 

 

This research included design of a new valve 

from cheap and obtainable materials, this 

valve consists of two secondary valves (1) and 

(2), and each secondary valve has three 

apertures with lever control the flow 

direction of the chemical reaction.  The work 

of the unit involves several steps which are 

injection step, pump, detect and recording 

step as can be shown in Figure (2). 

 

Fig. 2 Schematic diagram of the new design 

 

Results and Discussion Determination of the Absorption for 

Maximum Wavelength  

Fig. 3: UV-Vis spectrum for the complex compound K3 [Fe (CN) 6] 

420nm 
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Ultraviolet visible spectrum was used to 

determine the λ max of the complex 

formation as in figure (3), the λmax of 

complex was 420 nm. 

Physical Parameters  

Effect of the Flow Rate  

The effect of the flow rate on the peak height 

was studied in the range of (8.67-20.01) mL 

min-1 as shown in table (1) and figure (4), it 

was found that lower flow rate (8.67-10.56) 

mL min-1 cause doublet, while in the flow rate 

(12.40-20.01) mL min-1 the peaks were 

enhance significantly toward sharp peak, 

therefore the optimum peak at flow rate 

12.40 mL min-1. 

 

Table 1: Effect of flow rate on the peak height at; 1% of H2O2, 100 ppm of Fe (III), 0.02% of NaOH, volume of mixture 

(H2O2, K3 [Fe (CN) 6, NaOH) = 177.75 μL 

Speed of 

pump rpm 

Flow rate mL.min-1 

 

Mean Peak 

height (V) 

S.D R.S.D% The response form 

100 20.01 65.00 0.000 0.000 narrow 

90 18.33 56.33 0.144 0.256 narrow 

80 16.99 51.58 0.520 1.009 narrow 

70 15.22 47.50 0.125 0.277 (sharp and narrow) 

60 12.40 42.50 0.000 0.000 (sharp and narrow) 

50 10.56 
38.33 0.382 0.996 

Slightly distorted and 

broad 

40 8.67 
36.25 0.250 0.690 

Distorted, partitioned, and  

broad 

  

 
Fig.4: Effect of flow rate on the form and height of the peak 

 

Effect of Mixture (H2O2, K3 [Fe (CN) 6], 

Noah) Volume 

The influence of the mixture (H2O2, K3 [Fe 

(CN) 6], NaOH) volume on the peak height 

was investigated by using different volumes 

of loops (86.35- 235.50) μL. The significant 

peak height was (196.25) μL, after that 

volume the peak height increased. Therefore 

((196.25) μL was chosen for further work as 

shown in Table (2) and Figure (5).  

 

Table 2: Effect of the mixture volume on the peak height; 1% of H2O2, flow rate (12.40 mL min-1), (100) ppm of Fe (III) 

and 0.02% of Noah 

The volume of mixture(H2O2, 

K3[Fe(CN)6],NaOH) (μL) 

Mean Peak height (V) S.D R.S.D% 

86.35 68.75 0.001 0.001 

117.75 65.00 0.032 0.049 

157.00 37.51 0.012 0.031 

196.25 31.24 0.017 0.055 

235.50 22.42 0.144 0.644 

 

Fig. 5 Effect of mixture (H2O2, K3 [Fe (CN) 6] and NaOH) volume on the peak height 



Dakhil Nassir Taha et. al. | Journal of Global Pharma Technology|2019| Vol. 11| Issue 03 (Suppl.) |471-477 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                               474 

Chemical Parameters  

Effect of the Complex (K3 [Fe (CN) 6]) 

Concentration  

The complex concentration was varied in the 

range (50-200) ppm in order to maximize the 

peak height. Table (3) and figure (6) show the 

effect of complex concentration on the peak 

height. The maximum peak height was 

obtained with (200) ppm. 

 

Table 3: Effect of Fe (III) concentration on the peak height at ; 1% of H2O2, flow rate (12.40 mL min-1), 0.02% of NaOH 

and volume of mixture (H2O2, K3[Fe(CN)6, NaOH)=196.25 μL. 

Conc. of K3[Fe(CN)6] ppm Mean Peak Height (V) S.D R.S.D% 

50 18.74 0.012 0.062 

100 25.21 0.186 0.737 

150 44.67 0.577 1.293 

200 68.75 0.000 0.000 

 

Fig. 6: Effect of complex concentration Fe (III) on the peak height 

 

Effect of Noah Concentration 

The effect of Noah concentration also studied 

as a catalyst for the reaction and the range of 

concentrations was (0.006- 0.2) %. The Noah 

concentration gave the significant peak 

height 0.2 % as shown in Table (4) and 

Figure (7). 
 

Table 4 : Effect of Noah concentration on the peak height at ; 1% of H2O2, flow rate(12.40 mL min-1), 200 ppm of Fe(III) 

and volume of mixture (H2O2, K3[Fe(CN)6, Noah)=196.25 (μL) 
Conc. of Noah % Peak Height (V) S.D R.S.D% 

0.006 70.15 0.104 0.148 

0.008 69.50 0.048 0.070 

0.02 68.08 0.127 0.187 

0.1 33.07 0.102 0.308 

0.2 2.50 0.012 0.462 

 

Fig. 7: Effect of base concentration NaOH on the peak height 
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Calibration Curve in CFIA Method  

A series of H2O2 with different concentrations 

were prepared to study the calibration curve. 

The calibration curve showed linearity over 

the range of (0.06-0.8) % (R2=0.9923), as 

shown in Figure (8) and Table (5). The 

detection limit at S/N=3 was 0.02%. 
 

Table5: Effect of H2O2 concentration on the peak height at; flow rate (12.40 mL min-1), 200 ppm of Fe (III), volume of 

mixture (sample, reagent, base) =196.25 (μL) and 0.2% of Noah  

RSD% S.D Mean of Peak Height in 

(V) 

Conc. Of H2O2 % 

0.169 0.058 34.00 0.06 

0.781 0.252 32.00 0.1 

0.000 0.000 25.75 0.2 

0.000 0.000 20.00 0.4 

0.048 0.006 12.00 0.6 

0.574 0.012 2.00 0.8 

 

Fig. 8 Calibration curve for H2O2 

 

Repeatability 

Repeatability can be conducted by injection 

many times of the sample solution at least 

six injections. Two concentrations 0.1 and 0.6 

% of H2O2 were used to study the 

repeatability of measurements.  

 

Six successive injections were measured 

under the optimum conditions. The obtained 

results which are tabulated in Table (6) and 

Figure (9). 

 

Table 6: The repeatability of responses for the two concentrations 0.1 and 0.6% at flow rate (12.40 mL min-1), 200 ppm 

of Fe(III), volume of mixture (H2O2, K3[Fe(CN)6], Noah)= 196.75 (μL) and 0.2% of  Noah 

RSD% S.D Peak Height (V) 

n = 6 

Conc. of H2O2 % 

0.122 0.04 
32.00 0.1 

0.178 0.02 
 

12.00 

0.6 

 

Fig. 9: Repeatability for 0.1 % and 0.6 % of H2O2 in CFIA unit 
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Study of Dead Volume 

Three experiments were conducted to study 

the dead volume to investigate the efficiency 

of innovative design, however, the dead 

volume is zero, and it means significant 

results. three experiments were carried out 

(a) the  mixture of  H2O2 with Noah was  

injected in the loop ,the carrier was distilled 

water, it was found no response estimated  

and (b) H2O2 was injected in the loop and the 

carrier was distilled water ,there was no 

response, and (c) injected Noah in the loop 

and the carrier was distilled water ,there was 

no response, then injected the  mixture of the 

complex compound K3[Fe(CN)6] and H2O2 

with Noah in  order to form and measure the 

peak height. The result shown in Figure (10). 
 

Fig. 10: Study of dead volume 

 

Applications  

The proposed CFIA method was successfully 

applied for the determination of H2O2 in 

disinfecting solution and water samples 

(Table 7). The method characterized by high 

precision, which were represented by a 

recovery. 
 

Table 7: Applications CFIA method for determination H2O2 

Sample Actual 

concentration % 

Found 

concentration    

H2O2% 

Mean of 

peak height 

(v) 

S.D R.S.D% Er% Recovery% 

Tap water 0.2 0.2 41.21 0.179 0.435 0.00 100 

0.06 0.06 42.51 0.093 0.219 0.00 100 

Drinking 

water 

0.2 0.2 41.17 0.208 0.506 0.00 100 

0.06 0.06 42.20 0.100 0.237 0.00 100 

Antiseptic 

solution 

0.2 0.209 26.00 0.00 0.00 4.50 104.5 

0.6 0.58 11.55 0.00 0.00 -3.33 96.67 

 

References 

1. SD Kolev, ID McKelvie, D Barcel Ó (2008) 

"Comprehensive Analytical    Chemistry. 

Advances in Flow Injection Analysis and 

Related Techniqes", 1st Ed, Elsevier, 

Australia, 25: (83): 96. 

2. M Trojanowicz (2010) “Advances in Flow 

Analysis”, 2nd Ed, Willey-VCH verlag 

GmbH and Co. KGaA, 22-25. 

3. L Skeggs (1957) Am. Journal of Clin. 

Pathol., 13: 451. 

4. KJ AL- Yasiriy (2013) PH.D .Thesis, 

Babylon University. 

5. AA Abed Al-Ameer (2012) M.Sc. Thesis, 

Babylon University. 

6. SM Naseer (2015) M.Sc., Thesis, Babylon 

University. 

7. Chai X-S, Hou QX, Luo Q, Zhu JY (2004) 

"Rapid determination of hydrogen peroxide 

in the wood pulp bleaching streams by a 

adual-wavelength spectroscopic method" 

Anal. Chim. Acta., 507: 281-284. 

8. Zasavska C (2016) Possible Applications of 

Hydrogen Peroxide-Biocide, Belinka 

Perkemija, Status. 

9. Klassen NV, Marchington D, McGowan 

HCE (1994) H2O determination by the I3 - 

method and by KMnO4 titration. 

Analytical Chemistry, 66: 2921-2925. 

10. Eisenberg GM (1943) Colorimetric 

determination of hydrogen peroxide. 

Industrial & Engineering Chemistry (Anal. 

Ed.) 15: 327-328. 

 



Dakhil Nassir Taha et. al. | Journal of Global Pharma Technology|2019| Vol. 11| Issue 03 (Suppl.) |471-477 
 

©2009-2019, JGPT. All Rights Reserved                                                                                                                                                                                               477 

11. Abbas ME, Wei L, Lihua Z, Jing Z, Heqing 

T (2010) Fluorometric determination of 

hydrogen peroxide in milk by using a 

Fenton reaction system. Food Chemistry, 

120: 327-331. 

12. Li C, Zhang H, Wu P, Gong Z, Xu G, Cai C 

(2011) Electrochemical detection of 

extracellular hydrogen peroxide released 

from RAW 264.7 murine macrophage cells 

based on horseradish peroxidase-

hydroxyapatite nanohybrids. Analyst, 136: 

1116-1123. 

13. Hu Y, Zhang Z, Yang C (2007) The 

determination of hydrogen peroxide    

generated from cigarette smoke with an 

ultrasensitive and highly selective 

chemiluminescence method. Analytica 

Chemica Acta 601: 95-100. 

14. Shiang Y, Huang C, Chang H (2009) Gold 

Nanodot-Based Luminescent   Sensor for 

the Detection of Hydrogen Peroxide and 

Glucose. Chemical Communications, 23: 

3437-3439. 

15. Amirhosein Z, Kamalaldin H, Mostafa F, 

Alimohammad A (2014) 

"Spectrophotometric Method   for Hydrogen 

Peroxide Determination through Oxidation 

of Organic Dyes", 1 (2): 93-101. 

16. DN Taha (2002) Ph.D .Thesis, Babylon 

University. 

17. B Demirata-Öztürk, G Ozen, H Filik, I Tor, 

H Afsar (1998) Spectrofluorometric     

Determination of Hydrogen Peroxide. J. 

Fluoresc., 8: 185-189. 

18. Demirkol O, Cagri-Mehmetoglu A, Qiang Z, 

Ercal N, Adams C (2008) Impact of food 

disinfection on beneficial biothiol contents 

in strawberry. J. Agric. Food Chem., 56: 

10414-10421.  

19. Luo W, Abbas ME, Zhu L, Deng K, Tang H 

(2008) Rapid quantitative determination of 

hydrogen peroxide by oxidation 

decolorization of methyl orange using a 

Fenton reaction system. Anal Chim Acta, 

629: 1-5.  

20. Nogueira RF, Oliveira MC, Paterlini WC 

(2005) Simple and fast spectrophotometric 

determination of H (2) O (2) in photo-

Fenton reactions using metavanadate. 

Talanta., 66: 86-91.  

21. Zhang K, Mao L, Cai R (2000) Stopped-flow 

spectrophotometric determination of 

hydrogen peroxide with hemoglobin as 

catalyst. Talanta. 51: 179-186.  

22. Li Y (1996) (Biological properties of 

peroxide-containing tooth whiteners. Food 

and Chemical Toxicology, 34: 887-904. 

 

 

 

 


