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ABSTRACT.ABSTRACT.ABSTRACT.ABSTRACT. In the present investigation, a simple and sensitive spectrophotometric method for the 

determination of nitrogen dioxide in various environmental samples is described. Nitrogen dioxide in air was 

fixed as nitrite ion in alkaline sodium arsenite absorbing solution. The nitrite formed was diazotized with p-

aminoacetophenone in acidic medium which was subsequently coupled with phloroglucinol to give yellow-orange 

dye in alkaline medium having an absorption maximum at 420 nm. Beer’s law was obeyed in the range of 0.008 - 

0.12 µg mL-1 of nitrogen dioxide and has a molar absorptivity of 2.875 x 105 L mol-1 cm-1. Optimum reaction 

conditions for diazotization, full colour development and the effect of variables like temperature, time and pH 

have been studied. Detailed studies to check the collection efficiency and NO2:NO2
- stoichiometric ratio has been 

carried out. The reaction has been successfully applied for the detection of nitrogen dioxide in cigarette smoke, 

scooter exhaust, and workroom air. 
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INTRODUCTION 
 

Nitrogen dioxide is one of the most hazardous pollutants among the oxides of nitrogen and 

plays an important role in the formation of acid rain [1], photochemical smog, photochemical 

oxidant such as ozone and peroxyacetyl nitrate (PAN) and in generation of many secondary 

pollutants [2].
 
The major sources of NOx pollution are fossil fuel combustion in power stations, 

N2 in air and nitrogen in the fuel which are oxidized to NO. Nearly half of all anthropogenic 

NOx emissions come from mobile sources, the remainder coming from power stations and 

industrial boilers. Natural sources of NOx include volcanoes, bacterial activity, forest fires and 

lightning. Traffic is estimated to contribute as much as half of the total nitrogen dioxide 

emission [3].
 
Cigarette smoke and auto-exhaust are also reported to contain significant amount 

of nitrogen dioxide [4]. Exposure to nitrogen dioxide can irritate the lungs and lower the 

resistance to respiratory infections (e.g. influenza), particularly in people with existing 

respiratory illness, such as asthma. The effect of short-term exposure to nitrogen dioxide are still 

unclear, but continued or frequent exposure to concentration higher than those normally found 

in the ambient air may cause increased incidence of acute respiratory illness in children [5]. 

Indoor nitrogen dioxide which is produced by gas or other fuels used for heating and cooking, 

was found to exhibit increased respiratory symptoms, decreased pulmonary lung function, 

respiratory illness, increased incidences of chronic cough, conjunctivitis, bronchitis, and asthma 

exacerbation [6, 7].  

Various methods are available for the determination of nitrogen dioxide such as fluorimetric 

[8],
 

flow injection method [9], laser induced fluorescence [10], field modulation laser 

spectroscopy [11],
 

tunable diode laser, droplet method [12],
 

amperometric [13], gas 
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chromatography [14],
 
liquid chromatography [15], chromatomembrane cell [16], fiber optic 

spectroscopy [17],
 
piezo-dosimeter [18], and passive sampling devices [19],

 
etc.

  
A large number 

of spectrophotometric methods are also reported in the literature for the detection and 

determination of nitrogen dioxide [20-21].  

 The proposed method is rapid and free from rigorous control of experimental condition. 

Simple equipment, stability of colour, non-toxic nature of reagents and its easy availability are 

added advantages. In this paper, a reagent system based on the Greiss reaction is described. 

Nitrogen dioxide in air is fixed as nitrite ion then nitrite ion diazotized with p-

aminoacetophenone and the diazonium ion obtained is coupled with phloroglucinol in alkaline 

medium to give a yellow-orange dye. The method has been applied for routine analysis of 

nitrogen dioxide in air. 

EXPERIMENTAL 

 

Apparatus. A Toshniwal model TVSP 25 spectrophotometer (India) with 1.0 cm matched quartz 

cell was used for all absorbance measurement. Fritted glass bubblers with suitable suction 

devices were used for trapping nitrogen dioxide from air. The flow rate of air was measured 

using a rotameter.  pH measurements were made with Systronics pH meter model 331(India).  

 

Reagents. All the chemicals used were of analytical reagent grade or the best quality available. 

Double distilled deionised water was used throughout the experiment. A stock solution of nitrite 

containing 1000 µg mL
-1

 of nitrite was prepared by dissolving 0.15 g of pre-dried sodium nitrite 

(Loba Chemie, Mumbai, India) in 100 mL of nitrite free water. Few drops of chloroform were 

added as stabilizer. Working solution of nitrite was prepared by appropriate dilution of stock 

solution. 0.2% p-aminoacetophenone (Loba Chemie, Mumbai, India) was prepared in 1:4 

hydrochloric acid. 0.1% phloroglucinol (Merck, Mumbai, India) was prepared in aqueous 

solution. Alkaline sodium arsenite absorbing solution was prepared by dissolving 0.1 g of 

sodium arsenite in 100 mL of 0.1 M sodium hydroxide. The solution stored at 4 
o
C was stable 

for ~ 2 weeks. 1 M sodium hydroxide solutions was prepared to obtain required alkalinity. A 

10% w/v aqueous solution of disodium salt of EDTA (Merck, Mumbai, India) was prepared for 

masking ions. 

 

Procedure. An aliquot of a solution containing 0.2 to 2 µg of nitrite was taken in an impinger. 

Nitrogen dioxide was liberated from the aliquot by adding 6.0 M hydrochloric acid drop-wise 

from a micro-burette. The liberated nitrogen dioxide was absorbed in the absorbing solution 

taken in two midget impingers of 35 mL capacity each containing 10 mL of absorbing solution 

connected to a source of suction. After sampling, the absorbing solution was transferred into a 

25 mL measuring flask and then 1 mL PAAP was added. The solution was kept for 2 min in ice 

bath then 1 mL of phloroglucinol was added. The solution was made alkaline with sodium 

hydroxide resulting in the formation of yellow-orange dye. The absorbance of the dye was 

measured at 420 nm. Amount of nitrogen dioxide was deduced from the calibration graph 

prepared for 0.2 to 2 µg of nitrite after correction with stoichiometric factor, i.e. 0.75.  

 

Determination of nitrogen dioxide in cigarette smoke. Absorbing system consisting of glass 

wool (to remove the particulate matter), followed by three midget impingers, the first two 

containing acidic potassium permanganate (2.5% KMnO4 (w/v) in 2.5% H2SO4) for oxidation of 

nitric oxide to nitrogen dioxide and third impinger containing 10 mL of absorbing solution for 

collection of cigarette smoke was set up (Figure 1). A cigarettes marked to a required length was 

fixed in a glass holder placed in the tip of suction hole of the first impinger. It was lighted and 

the air was sucked at a rate of 0.75 L min
-1

 till it burned to the marked length. The collected gas 

was analyzed for nitrogen dioxide as recommended in the procedure.  
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Figure 1. Assembly train for sampling of air pollutants. 

 

Auto exhaust applications. Auto exhaust gases from automobile were drawn through two 

midget impingers each containing 5 mL of absorbing solution attached to a suction pump. The 

gas was analysed for nitrogen dioxide by the proposed method.  
 

Determination of nitrogen dioxide in work-room air. Air samples were drawn through two 35 

mL calibrated midget impinger containing 5 mL of absorbing solution connected in series at a 

flow rate of 0.75 L min
-1

. Amount of nitrogen dioxide was determined by the proposed method. 
  

Colour reaction scheme. The colour reaction involves two steps: (1) p-aminoacetophenone 

reacts with nitrogen dioxide to form acetophenone diazonium chloride and (2) diazonium ion is 

coupled with phloroglucinol to give yellow-orange coloured dye having λ max   420 nm. 
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RESULTS AND DISCUSSION 

 

Analytical data. A linear calibration graph was obtained for 0.008-0.12 µg mL
-1

. The detection 

limit of nitrogen dioxide was 0.007 µg mL
-1

. Precision of method was established by 

determining the concentration of 6 samples containing 2 µg of nitrogen dioxide; the relative 

standard deviation was 0.26%. The calibration graph has a correlation coefficient of 0.9753. 
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The molar absorptivity of the colour system was 2.875 x 10
5
 L mol

-1
 cm

-1
 at 420 nm (Figure 2) 

and the Sandell’s sensitivity was 0.00016 mg cm
-2

. The slope, the intercept, and the correlation 

coefficient evaluated by a least-squares regression analysis were also included (Table 1).  

0

0.1

0.2

0.3

0.4

0.5

0.6

wavelength in nm

A
b

so
rb

a
n

ce

400 405 410 415 420 425 430 435

      Conc.

      A - 2 µg/25mL

      B-  1 µg/25mL

      C-  Reagent Blank

(C)

(B)

(A)

 
Figure 2. Absorption spectra of the dye. 
 

Table 1. Spectral characteristics, precision and accuracy of the presented method. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
*Where x is the concentration in µg mL-1. ** n = 5.  

 

NO2:NO2
-
 stoichiometric ratio. The colour produced by absorbing a given amount of nitrogen 

dioxide can also be compared with that produced by adding an equimolar amount of nitrite. The 

ratio of their absorbance value is known as ‘stoichiometric factor’. The NO2:NO2
-
 stoichiometric 

factor for the proposed method has been evaluated and found to be 0.75, which is in agreement 

with value in the literature (Table 2, Figure 3). The stoichiometric factor varied and was lowered 

if sodium arsenite was not used. The following reaction takes place:  

2NO2  + 2OH
-
  →  NO2

-
  +  NO3

-
 + H2O 

Every substance competing with NO2 for the OH
-
 will increase the NO2:NO2

-
 stoichiometric 

factor higher than 0.5.  
 

Collection efficiency. The collection efficiency of the absorbing solution was determined by 

drawing air containing nitrogen dioxide through two impingers connected in series. After 

sampling, the NO2 content of each impinger were analysed separately by the proposed 

Parameter Results 

Stability of colour (hours) ~ 72 

λ max (nm) 420 

Limit of Beer’s law (µg mL
-1

) 0.008-0.12 

Molar absorptivity (L mol
-1

cm
-1

) 

Limit of detection (µg mL
-1

) 

Limit of quantification (µg mL
-1

) 

2.875 x 10 
5
 

0.007 

0.022 

Sandell’s sensitivity (µg cm
-2

) 0.00016 

Standard deviation (±) 0.0015 

Relative standard deviation (%) 0.26 

Regression equation (Y = bx +a)
*
  

Slope b 2.9111 

Intercept a  0.2379 

Correlation coefficient (r
**

) 0.9753 
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procedure. It was observed that the first impinger had a collection efficiency of 98-99% at a 

flow rate of 0.75 L min
-1

 whereas the second impinger showed negligible absorbance. 
 

Table 2. Evaluation of NO2:NO2
-
 stoichiometric factor flow rate = 0.75 L/min.   

 

No. of analysis Absorbance due to NO2  

at 420 nm 

Absorbance due to NO2
-
  

at 420 nm 

Stoichiometric 

factor 

1 0.082 0.108 0.759 

2 0.140 0.189 0.740 

3 0.275 0.362 0.759 

4 0.401 0.534 0.750 

5 0.529 0.700 0.755 

6 0.684 0.884 0.754 

7 0.819 1.068 0.758 

 Mean = 75.35 %. 
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Figure 3. NO2:NO2

-
 stoichiometric ratio. 

 

Effect of pH. 1.5-2.0 pH was necessary for complete diazotization. The effect of pH on the 

absorbance of the dye was studied and found to be 10-11 pH was suitable for full colour 

development. Above pH 11 the stability and sensitivity of the dye was severely affected.  

 

Effect of time and temperature. Diazotization and coupling required 2 minutes for completion. 

The resulting dye was stable for ~72 hours which makes the method versatile and useful for 

field measurement. Maximum absorption was obtained by maintaining the absorbing solution at 

4 
o
C.  

 

Effect of foreign species. The reliability of the proposed methodology was examined in the 

presence of possible matrix interferents such as carbon dioxide, ammonia, phenols, aniline, 

formaldehyde, benzene, xylene and toluene as well as heavy metal ions likely to be present in 

various samples. Studies were made by adding solution of known amount of these interferents 

in the absorbing solution before sampling and then analyzed by the proposed method. Heavy 

metal ions had an appreciable interference on the procedure, which can be masked by adding a 1 

mL of 10% EDTA solution.  
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Application. The method has been successfully applied for the determination of nitrogen 

dioxide in work-room air, cigarette smoke and auto-exhaust and data where compared to those 

obtained by a reported method (Table 3). In the present method absorbing solution containing 8-

hydroxyquinoline and sodium hydroxide is proposed for the collection of nitrogen dioxide. The 

nitrite formed is diazotized with p-nitroquinoline in acidic medium which is subsequently 

coupled with 8-hydroxyquinoline to give purple azoxine dye in alkaline medium [22]. 

Table 3. Results of analysis of air. 

aMean of three replicate analyses. bVolume of air sample taken – 10 Liters. cSmoke of one cigarette analyzed.  

CONCLUSIONS 

The proposed method for determining nitrogen dioxide is facile, rapid, sensitive, and has a wide 

analytical range without the need for extraction or heating. The developed method does not 

involve any stringent reaction conditions and offers the advantages of high colour stability 

compared to the other reported method.  

AKNOWLEDGEMENTS 

The authors are thankful to Department of Chemistry, Govt. V.Y.T. PG. Autonomous College, 

Durg (C.G.), India. 

REFERENCES 

1. Aswathanarayana, U. Geoenvironment: An Introduction, A.A. Balkena Publishers: 

 Rotterdam; 1995. 

2. Baird, C. Environmental Chemistry, W.H. Freeman and Company: New York; 1995. 

3. Lee, K.; Xue, J.; Geyh, As. Environ. Helath Perspect. 2002, 110, 145. 

4. Machteld, N.H.; Marjan, A.L.; Marie, G.; Pieter, G.X. Inhalation Toxicol. 2008, 20, 183. 

5. Weller, B.L.; Witschi, H.; Pinkerton, K.E. Toxicol. Sci. 2000, 54, 452. 

6. Poynter, M.E.; Persinger, R.L. Am. J. Physiol. Lung Cell Mol. Physiol. 2006, 290, L144.  

7. Samet, J.M.; Bell, M.L. Int. J. Epidemiol. 2004, 33, 215. 

8. Xin-Qi, Z.; Dong-Hui, L.; Zheng, H; Jin-Gou, Xu Talanta 2002, 58, 855.  

9. Yanlin, W.; Oshima, M.; Simon, J.; Motomizu, S. Talanta 2002, 58, 1343. 

10. Simeonsson, J.B.; Savesa, R.C.  Appl. Spectrosc. 1996, 50, 1277. 

11. Michlcea, R.M.; Baer, D.S.; Hanson, R.K. App Opt. 1996, 35, 4059.  

12. Helaleh, I.H.M.; Al-Omair, A.; Korenaga, T. Current Anal. Chem. 2005, 1, 177. 

13. Do, J.S.; Chang, W.B. Sensors and Actuators B 2001, 72, 101. 

14. Grosjean, D. Envior. Sci. Tech. 1990, 24, 77.  

15. Mann, B.A.; White, R.F.; Morrison, R.J.S. Appl. Opt. 1996, 35, 475.     

16. Wei, Y.; Oshima, M.; Simon, J.; Moskvin, L.N.; Motomizu, S. Talanta 2002, 58, 1343. 

17. Morales, J.A.; Walsh, J.E. Spectrochim. Acta A 2005, 61, 2073. 

18. Schillinger, E.F.J.; Wright, J.D. Sensors and Actuators B 2004, 98, 262. 

19. Plaisance, H.; Sagnier, I.; Saison, J.Y.; Galloo, J.C.; Guillermo, R. Environ. Monit. Assess. 

 2002, 79, 301. 

20. Zayum, H.; Korenagat, T.; Helaleh, M.I.H. Microchim. Acta 2000, 134,179.  

21. Helaleh, I.H.M.; Korenaga, T. J. AOAC 2001, 84, 53. 

22. Jagdeesan, N.; Gupta, V.K. Atmos. Environ. 1981, 15, 107. 

Nitrogen dioxide found
a
 Source of sample Volume of sample  

taken (L)
b
 Present method mg/m

3
 Reported method mg/m

3  
[22] 

Cigarette smoke 
c
(with filter) 10 0.24, 0.32 0.22, 0.28 

Cigarette smoke (without filter) 10 0.71, 0.65 0.69, 0.61 

Auto-exhaust - 0.38, 0.61 0.41, 0.65 
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