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A simple spectrophotometric method has been investigated for the 

determination of isoproturon herbicide. Total 7 parameters were optimized 

for the base hydrolysis using aniline for the method development of 

spectrophotometric determination of isoproturon. Isoproturon was 

hydrolyzed in alkaline media on heating. The hydrolyzed product, p-

isopropylaniline was diazotized with nitrite in acidic media and coupled with 

aniline on heating, to form an azodye, 4-((4-

isopropylphenyl)diazenyl)benzenamine. The absorbance of the resulting 

azodye was measured at 490 nm. Conditions for the complete hydrolysis of 

isoproturon and quantitative determinations were optimized. A linear 

relationship between absorbance and concentration was observed in the 

range of 2-12 ppm. Molar absorptivity was found to be 4.12x10
3
 L.mol

-1
.cm

-1 

with relative standard deviation (RSD) of 3.58%. The developed method was 

successfully applied for the residue determination of isoproturon in food 

samples. The residue level found in wheat grain and flour were 41.33±3.06 

µg.g
-1

 and 20±3.16 µg.g
–1

, respectively. Good percent recoveries have shown 

the potentiality of the method for the determination of isoproturon in food 

samples. 
                   Copy Right, IJAR, 2013,. All rights reserved.

 

Introduction   

Isoproturon, [3-(4-isopropylphenyl)-1,1-dimethylurea)], is a type of the phenylurea herbicides, and is widely used in 

Europe to protect crops from broad-leaf weeds [1]. It is a widely used urea herbicide for pre- and post-emergence 

control of black grass, silky bent grass, wild oats, annual meadow grass, ray grass, many broadleaf weeds in spring 

and winter wheat, spring and winter barley, winter rye and winter cefoods [2-5]. Due to the slight solubility in water 

isoproturon can easily migrate through the soil to crops and thus enter the human food chain. Depending on the 

conditions of a particular rainfall and properties of soil, it can also reach the groundwater. Because of the absence of 

microbial activity, its degradation processes are very slow and thus, with accumulation, endured concentrations may 

be achieved in drinking water [6]. Different analytical methods such as titrimetric [7], gas chromatography (GC) [8] 

and high performance liquid chromatography (HPLC) [9] have been investigated for the determination of 

isoproturon. The success of these techniques largely depends on proper sample preconcentration because the 

concentration of isoproturon in food samples generally is below the detection limits of these techniques [2].
 
Solid-

phase extraction (SPE) has become the method of choice for sample preconcentration in many analytical 

applications, especially in herbicides analysis, due to its easy operation and high preconcentration ability [10]. But 

the SPE may not fully distinguish analyte and interfering substances during preconcentration, which might prevent 

accurate quantitative determination or, occasionally, qualitative identification of an analyte. Another limitation of 

SPE is that, along with application of more polar pesticides to environment [11], quantitatively trapping them from 

aqueous sample cannot be achieved with reverse-phase sorbent-based SPE, which is the main category of SPE used 

in food environmental sample analysis. 

http://www.journalijar.com/
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Isoproturon had been determined by sol–gel immunosensor in flow injection format [12]. However, the reported 

limit of detection was 2µg.L
-1

 which is far beyond MAC (maximum admissible concentration) of European Union 

(0.1 maximum admissible concentration µg.L
-1

). 

Isoproturon was also determined selectively from environmental materials (water samples) using an immunosorbent 

column containing anti-isoproturon antibodies encapsulated in a silica matrix by a sol-gel process [13]. RIANA 

(River analysis) immunosensor was used for the analysis of isoproturon in water samples. A solid-phase 

fluoroimmunoassay combined with an optical transducer to get excitation and collection of fluorescence from 

fluorophore labeled antibodies locally bound at the planar interface was developed [14]. Spectrophotometric 

methods using p-dimethylaminobenzaldehyde [15], ethyl acetoacetate [16], and p-aminoacetophenone [17] as 

reagents are also available in the literature for the determination of isoproturon but these are less sensitive and use 

methanolic sodium hydroxide for the hydrolysis that can affect the colour development of the solution [18]. 

Here is a simple, sensitive and selective method using a new reagent, p-isopropylaniline, reported for the 

determination of isoproturon in various samples. The proposed method is based on the alkaline hydrolysis of 

isoproturon, followed by diazotization and coupling with p-isopropylaniline in alkaline medium. The method has 

been satisfactorily applied for the determination of isoproturon in food samples. 

 

1. Materials 
1.1. Apparatus and Reagents 

Spectronic 20D (Milton Roy USA, Spectrophotometer) and pH meter (Inolab pH 720) were used. All reagents used 

were of analytical reagent grade purity. Sodium hydroxide, Sodium nitrite, Ethanol, conc. HCl and Aniline (Merck) 

were used. Commercial samples containing isoproturon, grain and wheat were purchased from the local market.  

 

1.2. Solution preparation 

a) Aniline solution: an aniline solution (2%) was prepared by dissolving 2 mL of aniline in 70 mL of absolute 

ethanol and diluted upto 100 mL with distilled water. 

b) Nitrite solution: a nitrite solution (0.15%) was prepared by dissolving 0.15g of NaNO2 in small amount of 

distilled water and then diluted upto 100 mL with distilled water. 

c) Isoproturon standard solution: a standard isoproturon solution (100 ppm) was prepared by dissolving 

0.01 g of isoproturon in 100 mL of absolute ethanol in 100 mL volumetric flask. Then from this solution, 

10 mL was taken and hydrolyzed in 0.4 M HCl. The resulting was 100 ppm in the hydrolyzed product. 

Through stepwise dilution, 10 and 1 ppm isoproturon solutions were prepared with distilled water. 

Similarly, working solutions in the range of 2-20 ppm were prepared by using dilution method. 

 

1.3. Optimization of various parameters for the method development: 

1.3.1. Optimization of suitable wavelength for Spectrophotometric determination of Isoproturon 

10 mL isoproturon solution was taken in a 100 mL beaker from 100 ppm stock solution. Added to it 5 mL of NaOH 

solution (5 g.dm
-3

) and heated on a boiling water bath for 30 min to hydrolyze the pesticide. The hydrolyzed solution 

was cooled and followed by the addition of 12 mL of nitrite solution (1000 ppm), 5 mL concentrated hydrochloric 

acid and 10 mL 2 % aniline solution. Again heated on a boiling water bath for 10 min to complete the diazotization 

and coupling reactions. The resulting azodye was cooled and diluted upto the mark with distilled water. Blank 

solution was prepared by the same procedure without addition of pesticide. The absorbance of the azodye was 

measured at different wavelengths from 360-570 nm using Spectronic 20D. The absorbance was measured with 

increasing wavelength and each wavelength was calibrated with blank solution. 

1.3.2. Optimization of heating time for hydrolysis of Isoproturon 

10 mL isoproturon solution was taken from 100 ppm stock solution in different beakers to which 5 mL of 5 M 

NaOH solution was added. The solutions were heated on a boiling water bath and the heating time was varied from 

10-40 min. The hydrolyzed solutions were then cooled and 12 mL NaNO2 (1000 ppm), 5 mL conc. HCl, 10 mL 

Aniline (2%) were added to each in a sequence and again heated at 100°C for 10 min. The resulting solutions were 

cooled and diluted upto the mark with distilled water. The absorbance of the resulting solutions was measured at 490 

nm using blank solutions. 

1.3.3. Optimization of Sodium hydroxide concentration (M) for hydrolysis of Isoproturon 

10 mL isoproturon solution was taken from 100 ppm stock solution in different beakers. Different volumes of 

sodium hydroxide solution (5 M) were added to adjust the molarity of sodium hydroxide solution in the range of 0.6 

M. The solutions were heated on a boiling water bath for 20 min to complete the hydrolysis of isoproturon. The 

hydrolyzed solutions were cooled and diazotizing and coupling reagents were added in sequence. The solutions were 
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heated on a boiling water bath (100 ºC) for azodye formation for 10 min. After completion of reaction, the resulting 

solutions were cooled and diluted upto the mark with distilled water. The absorbance was measured at 490 nm 

against a blank solution. 

1.3.4. Optimization of nitrite solution (0.1 %) volume for diazotization of Isoproturon 

Isoproturon standard solution 10 mL from 100 ppm stock solution was transferred to six separate beakers followed 

by the addition of 10 mL of 5 M sodium hydroxide solution to adjust the concentration of 0.5 M. All the solutions 

were heated on a boiling water bath for 20 min to hydrolyze isoproturon. After cooling, varied volumes of nitrite 

solution from 0.1 % in the range of 2-12 mL was added. To each solution, 5mL concentrated hydrochloric acid and 

10 mL of 2 % aniline solution were added. The solutions were heated again for 10 min. on a boiling water bath for 

azodye formation. An orange colored azodye was formed in each solution and diluted upto 100 mL with distilled 

water. Separate blank solutions were prepared by the same procedure without the addition of isoproturon.  

1.3.5. Effect of acidity on diazotization of Isoproturon 

Isoproturon standard solution 10 mL from 100 ppm stock solution was transferred to four separate beakers. To each 

beaker 10 mL of NaOH (5 M) solution was added and heated on a boiling water bath for 20 min to hydrolyze 

isoproturon. After cooling, 8 mL of 0.1 % nitrite solution, different volumes of concentrated hydrochloric acid were 

added to adjust the acid molarity in the range of 0.24-0.96 M and 10 mL of 2 % aniline solution were added. The 

solutions were again heated on a boiling water bath for 10 min to complete the reaction. After cooling, the resulting 

solutions were cooled and diluted upto 100 mL with distilled water. Separate blank solutions were prepared by the 

same procedure without the addition of isoproturon. The absorbance of the resulting azodye was measured at 490 

nm. 

1.3.6. Effect of volume of 2 % aniline solution as a coupling reagent for azodye formation of 

Isoproturon 

Isoproturon standard solution 10 mL from 100 ppm stock solution was transferred to five separate beakers. 10 mL 

sodium hydroxide solution was added to each beaker and heated on a boiling water bath for 20 min to hydrolyze 

isoproturon. After cooling, 8 mL of 0.1 % nitrite solution, 4 mL of conc. HCl and varied volume of 2 % aniline 

solution were added in the range of 2-10 mL followed by heating on a boiling water bath for 10 min for azodye 

formation. After cooling, the resulting orange colored solutions were diluted with distilled water upto 100 mL. The 

absorbance of each solution was measured at 490 nm against a blank solution.  

1.3.7. Optimization of heating time for coupling reagent 

Isoproturon standard solution 10 mL from 100 ppm stock solution was transferred to four separate beakers followed 

by the addition of 10 mL of 5 M sodium hydroxide solution and heated on a boiling water bath for 20 min for 

hydrolysis. After cooling 8 mL of 0.1 % nitrite solution, 4 mL of concentrated hydrochloric acid (0.48 M) and 6 mL 

2 % aniline solution were added in sequence to each hydrolyzed isoproturon solution. The solutions were heated on 

a boiling water bath for different time in the range of 5-20 min for azo dye formation. The resulting solutions were 

diluted with distilled water upto 100 mL .The absorbance of each solution was measured at 490 nm using blank 

solution.  

1.4. Investigation of limit of detection and limit of quantification for spectrophotometric determination of 

isoproturon 

 

From standard solutions of isoproturon solution (100 ppm) different volume from 2-20 ppm were taken in separate 

beakers. To each beaker 10 mL of sodium hydroxide solution (5 M) was added and heated on boiling water bath for 

20 min, for hydrolysis. All the solutions were cooled and added 8 mL of nitrite solution (0.1 %), 4 mL of 

concentrated hydrochloric acid and 6 mL of aniline solution (2 %) in a sequence to each solution. All the solutions 

were again heated for 10 min on a boiling water bath to complete the azodye reaction. After cooling, each solution 

was diluted up to 100 mL with distilled water. The absorbance was measured at 490 nm using blank solution.  

1.5. Application of the investigation method for the determination of Isoproturon in food sample 

Wheat samples collected from the field with spray of isoproturon was used. 20 g of homogenized sample (wheat 

grain and flour) was taken in a beaker and 25 mL ethanol, 25 mL water (1:1 ratio) was added to it and was left for 2 

h with constant shaking. It was then filtered and washed with ethanol. The solvent was evaporated to reduce the 

volume. 10 mL NaOH solution (5 M) was added to the reduced volume of extracted sample and heated on boiling 

water bath for 20 min. The hydrolyzed solution was cooled and 8 mL NaNO2, 4 mL concentrated HCl, and 6 mL 

aniline were added and heated again for 5 min. The solution was cooled, diluted up to the mark with distilled water. 

The absorbance was measured at 490 nm using blank solution. The process was repeated three times.  
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Results and Discussion 
Isoproturon is chemically 3-(4-isopropylphenyl)-1, 1-dimethylurea or 3-(p-isopropylphenyl)-1, 1-dimethylurea. 

Isoproturon undergoes a rapid hydrolysis in the presence of strong alkalis [15,21] and aqueous sodium hydroxide 

solution was used here for hydrolysis. On hydrolysis, isoproturon would lead to the hydrolyzed product p-

isopropylanaline. The proposed method is based on diazotization of the hydrolyzed product and then coupling with 

aniline to form azodye, 4-((4-isopropylphenyl)diazenyl)benzenamine. The reaction involves three steps as shown in 

Scheme 1.  

 

 
 

Scheme 1: Proposed reaction mechanism for spectrophotometric determination of Isoproturon 

 
Preliminary studies were conducted to investigate the possible hydrolysis of isoproturon and the use of hydrolyzed 

product as a diazotizing reagent. Initially isoproturon was hydrolyzed in alkaline media on a boiling water bath and 

the hydrolyzed product was tried for the formation of diazotization and azodye (In acidic medium the colour of the 

resulting azodye was negligible). The formation of colored azodye, 4-((4-isopropylphenyl)diazenyl)benzenamine, 

indicates the possibility of the reaction and its application for spectrophotometric determination of isoproturon by 

this method. Further studies were focused on optimization of various parameters. 

The 1
st
 parameter, absorption maxima of the azodye formed was found to be at 490 nm. The absorption spectrum of 

isoproturon is shown in Fig. 1. 



ISSN 2320-5407                               International Journal of Advanced Research (2013), Volume 1, Issue 9, 499-509 
 

503 

 

   
Fig. 1: Wavelength (nm) optimization for spectrophotometric determination of isoproturon 

 
The reaction conditions have been optimized to obtain maximum colour development. Optimum conditions for 

maximum colour development were obtained by varying each parameter at a time, keeping all other variables 

constant. 

The 2
nd

 parameter is the optimization of heating time. The results are shown in Fig. 2. The hydrolysis of isoproturon 

was found to maximum for 20 min heating time at 100 °C and above this time decrease in absorbance indicates the 

decomposition of isoproturon. Maximum absorbance observed at 20 min heating time and above this time decrease 

in absorbance indicates the decomposition of isoproturon. Therefore, further analysis was carried out at 20 min 

heating time for hydrolysis of isoproturon. 

 

  
Fig. 2: Optimization of heating time for hydrolysis of isoproturon 

 

After the determination of heating time for the hydrolysis of isoproturon, the 3
rd

 parameter is the conc. of the base 

(NaOH). The results are shown in Fig. 3. When the molar conc. of sodium hydroxide was increased from 0.1-0.5, 

increase in absorbance was observed. Above 0.5 M conc., precipitates appeared in the solution. Therefore, 0.5 M 

sodium hydroxide solution was used for further analysis. 
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Fig. 3: Optimization of sodium hydroxide concentration (M) for hydrolysis of isoproturon 

 

The 4
th

 important parameter after the optimization of base conc. is the optimization of nitrite conc. because its conc. 

is important for the formation of diazonium ion. The resulting p-isopropyl aniline, formed during the hydrolysis of 

isoproturon, reacts with nitrite to form the diazonium ion. The absorbance of the resulting diazonium ion was 

measured at 490 nm. The results for the optimization of nitrite conc. are shown in Fig. 4. The absorbance increased 

from 2-8 mL of 0.1 % nitrite solution but after 8 mL volume decreased in absorbance was measured. Therefore, 8 

mL of 0.1 % nitrite solution was used for further analysis. 

 

  
Fig. 4: Effect of volume of nitrite solution (0.1%) on the diazotization of isoproturon 

 

The effect of acid (HCl) conc. on the formation of diazonium ion was also studied as its conc. is important for 

coupling because coupling takes place in acidic media. The results for the optimization of 5
th

 parameter (effect of 

acid conc.) are shown in Fig. 5. The absorbance increased from 0.24-0.48 M of conc. HCl solution but after 0.48 M 

decreased in absorbance was measured. Therefore, 0.48 M of conc. HCl solution was used for further analysis. 
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Fig. 5: Effect of Acidity on diazotization of isoproturon 

 

The main step (6
th

 parameter) of this assay is the coupling step in which azo dye formation occurs. For the maximum 

azo dye formation, the conc. of aniline was determined and the data is shown in Fig. 6. As it is evidenced from Fig. 

6 that maximum azodye formation occurs at 6 mL of 2 % aniline solution. 

 

  
Fig. 6: Effect of volume of 2 % aniline solution as a coupling reagent for azodye formation of isoproturon 

 

The final parameter (7
th

 parameter) of this method is the optimization of heating time for the coupling step. The data 

is shown in Fig. 7. As the azodye formation reaction is slow at room temperature, therefore, 5 min heating on 

boiling water both is sufficient for azodye formation. 

 

  
Fig. 7: Optimization of heating time for coupling reagent 
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The applicability of the proposed method was tested on a technical-grade sample like wheat and formulations of 

isoproturon. Beer's law was obeyed over the concentration range of 2-12 ppm of isoproturon. The molar absorptivity 

was found to be 4.12 x 10
3
 L mol

–1
 cm

-1
. The Standard Deviation (SD) and Relative Standard Deviation (RSD) of 

absorbance values were found to be 7.75 x 10
-2 

± 1 and 3.58 %, respectively. The low RSD indicates the 

reproducibility of the method. The results are shown in Fig. 8. A linear relationship between absorbance and 

concentration of isoproturon was observed from 2-12 ppm of isoproturon. At higher concentration deviation from 

straight line observed. Molar absorptivity was calculated by using the following formula: 

 

  

 

Where A = Absorbance, C = Concentration (mol L
-1

) and l = Pathlength (cm) 

For calculation of limit of detection (LoD) and limit of quantification (LoQ) six replicates of 2 ppm isoproturon 

were prepared by the same procedure and the absorbance readings were measured. The correlation coefficient is also 

calculated. The overall spectral charactertics of the method investigated for spectrophotometric determination of 

isoproturon after alkaline hydrolysis is given in Table 1 while comparison with other methods reported in literaature 

is given in Table 2. The Limit of Detaction (LOD) and Limit of Quantification (LOQ) were found to be 15.50 μg 

mL
-1

 and 51.67 μg mL
-1

, respectively. The residue concentration of isoproturon was 41.33 ± 3.06 μg g
–1

 and 20.0 ± 

3.16 μg g
–1

 in wheat grain and flour, respectively. The residue found was higher in grain than in flour which may be 

due to heat loses during the processing  [22]. 

 

   
Fig. 8: Effect of isoproturon concentration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ISSN 2320-5407                               International Journal of Advanced Research (2013), Volume 1, Issue 9, 499-509 
 

507 

 

Parameter Value 

λmax 490 nm 

Molar absorptivity (ε) 4.12 x 10
3
 L mol

-1
 cm

-1
 

Limit of Detaction (LOD) 15.50 

Limit of Quantification (LOQ) 51.67 

Standard Deviation (SD) 7.75 x 10
-2

 

Relative Standard Deviation (RSD) 3.58 % 

Slope (b) 0.015 

Intercept (m) 0.00 

Correlation Coefficient (r) 0.954 

Table 1: Spectral charactertics of spectrophotometric method for hydrolysis of isoproturon 

 

 

Parameter 
Aniline(proposed 

method) 

p-Aminoacetophen- 

one [7] 

Ethyl acetoa- 

cetate [16] 

p-dimethylaminobe- 

nzaldehyde [15] 

λmax (nm) 490 525 398 438 

Beer’s law 

range 

(mg mL
-1

) 

2-12 0.5-5 1.5-15 1.125-11.25 

Molar 

absorptivity 

(L mol
-1

 cm
-1

) 

4.12 x10
3
 8.6 x10

6
 1.37 x10

4
 0.006 

Table 2: Comparison with other spectrophotometric methods 

 

4. Benefits of the Method 
The present method does not involve time-consuming distillation, thermal and photo-decomposition as reported 

earlier [l7-19]. Furthermore, the present method is superior to our earlier methods [16,20] in terms of the simplicity 

of the reagent and is much more sensitive than the latter method and comparable with the former. Therefore, the 

present method is simple, sensitive, rapid and useful for routine analysis. 
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Conclusions 
Here a spectrophotometric method for the determination of isoproturon based on its reaction with aniline under 

acidic conditions is described. The proposed method has been compared with some other spectrophotometric 

methods and found to more sensitive and selective. The absorption maxima of the coloured compounds formed are 

observed at 490 nm and the molar absorptivity are 4.12 x10
3
 L mol

–1
 cm

–1
. It was concluded that 10 mL of 0.5 M 

sodium hydroxide, waiting time of 20 min at 100 °C and 8 mL NaNO2 (0.1 %), 4 mL  of 0.48 M HCl, 6 mL Aniline 

(2%) waiting time 5 min at 100 °C temperature are required for complete hydrolysis and diazotization of 

isoproturon, respectively. The method is simple and convenient and was applied successfully to the determination of 

isoproturon in technical-grade samples and formulations. The limit of detection (LOD) and limit of quantification 

(LOQ) with slopes were found to be 15.50 μg g
-1

 and 51.67 μg g
-1

 respectively. The percent recovery for flour and 

grain samples of wheat was found to 91 % and 100 %, respectively. 
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