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A new absorbing solution containing a-naphthol in sodium hydroxide is proposed for the 
collection of nitrogen dioxide. The nitrite formed is dimtized with pnitroaniline in acidic 
medium which is subsequently coupled with a-naphthol to give purple dye in alkaline 
medium, which is then extracted in iso-amyl alcohol to give a deep blue colour. The colour 
reaction is proposed for the extractive spectro-photometric determination of nitrogen dioxide. 
The collection efficiency and N0,:NO; stoichiometric factor are evaluated. The method is 
rapid, simple and free from common interferences and is successfully applied for the analysis 
of auto exhaust. 

KEY WORDS: Nitrogen oxides, air, spectrophotometry. 

I NTRO D UCTlO N 

The oxides of nitrogen are liberated during the use of explosives, in 
welding operations, in chemical processing involving nitration or the use 
of nitric acid in various industries, such as dyes, celluloids, etc.'-3 Higher 
concentrations up to 1347ppm and 12OOppm have been reported to be 
present in exhaust of internal combustion engines and tobacco smoke 
re~pectively.~ Amongst the oxides of nitrogen, nitrogen dioxide is 
considered to be the most hazardous because of its acute toxicity. 
Inhalation of nitrogen dioxide affects mainly the respiratory system, 
because of its relatively insolubility in water through the relatively dry 
trachea and bronchii into the moisture filled aveoli of the lungs. On 
reaching the aveoli the NO, is converted to HNOz and HN03, which are 
highly irritating and cause acute damage to lungs.'y3 The nitrous acid 
formed induces methemoglobineamia as nitrite oxidizes the ferrous state of 
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194 A. K. BAVEJA AND V. K. GUPTA 

haemoglobin to ferric state of haemoglobin (methemoglobin) which does 
not bind oxygen reversibly and death may result due to anoxia in severe 
cases.4 

Human studies of both an epidemiologic and toxicologic nature have 
indicated incidence of bronchitis among infants and school going 
~hi ldren.~ It is also an interesting fact that normal humans exposed to 
lppm of NO, for 24hrs/day for 180 days developed biochemical 
altercations including increased chlorestrol lipid and lipo-protein  level^.^ 
Such a modification suggest a possible relationship to arterioschlerotic 
actions. Nitrogen dioxide is also reported to cause teratogenic effects3 In 
milder cases of nitrogen dioxide poisoning symptoms such as nausea, 
vomiting and vertigo with cyanosis may be observed.' The presence of 
nitrogen dioxide is also objectionable because of its vital role in the 
creation of photochemical smog which cause haze, ozone formation, 
irritation to living beings and damage to Though there are 
differences in opinion on the concentration of nitrogen dioxide required to 
cause toxic effects, the maximum allowable concentration reported is 
5ppm.l.' 

The importance of nitrogen dioxide as a pollutant, its detection and 
determination in air has become vital from the viewpoint of environmental 
analysis. The spectrophotometric methods reported for the analysis of 
trace nitrogen dioxide are based on formation of nitrate or nitrite ion in 
the absorbing medium. The method based on formation of nitrate ion 
suffer from many disadvantages." The most commonly used methods are 
that which utilize the formation of nitrite ion and are based principally on 
the use of Griess type reagents and its modifications. Though a large 
number of Griess type reagents have been proposed for the determination 
of nitrite" only a few of them are utilized for the determination of 
atmospheric nitrogen dioxide.', - I 4  Jacob and Hochhieser method, the 
most widely used method, suffers from rigorous control of pH and 
relatively larger time for full colour development and low collection 
eficiency.12 Recently we have reported a rapid, selective and sensitive 
method for the determination of nitrite using p-nitroaniline and a- 
naphthol." The method is further modified to determine atmospheric 
nitrogen dioxide by using a new absorbing solution containing a-naphthol 
in sodium hydroxide. The blue coloured iso-amyl alcohol extract of the 
dye shows a maximum absorption at 610nm. Beer's law range is 1 to 8 pg of 
NO; per 10 ml extract. The molar absorptivity and Sandell's sensitivity 
are 5.24 x lo4 l.mole-'cm-' and 0.00088pg~m-~, The collection 
efficiency of the absorbing solution and NO, :NO; stoichiometric ratio 
were found to be 96% to 98% and 0.74 respectively. Other reaction 
parameters have also been evaluated. 
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NITROGEN OXIDES IN AIR 195 

EXPE R I M ENTAL 

Apparatus 

ECIL spectrophotometer model GS 865 and Carl Zeiss Spekol with lcm 
matched glass cells were used for all spectral measurements. Fritted 
midget impingers (frit. dia-10mm) of 35ml capacity were used for air 
sampling. Flow rate adjustable calibrated rotameters were used for 
measuring the air flow. 

Reagents 

A standard sodium nitrite containing 4pg of NO; per ml was prepared 
for plotting the calibration curve. A 1 x M solution of precrystallized 
p-nitroaniline in 2 N hydrochloric acid and 2 N aqueous sodium hydroxide 
solutions were also prepared. 

Absorbing solution 

The absorbing solution was prepared by dissolving 100mg of a-naphthol 
in loom1 of 0.1 N sodium hydroxide containing 2.5ml of ethanol. 

Nitrogen dioxide was prepared by bubbling air through fresh nitrite 
buffer and acidic potassium permanganate as reported by Nash.16 

All reagents used were on AnalaR grade. 

Procedure 

Air is sampled through a lOml absorbing solution taken in the midget 
impinger at a rate of 0.75 litres/min. After sampling the absorbing solution 
was quantitatively transferred to a 125 ml pear shaped separatory funnel 
and diluted to 50ml. 1.5ml of p-nitroaniline was added and the acidity 
was adjusted to 0.5 M with hydrochloric acid. The solution was shaken for 
two minutes and made alkaline with excess of 2 M sodium hydroxide. The 
dye formed was extracted in lOml of iso-amyl alcohol by taking two 
aliquots of 5ml. The absorbance of blue coloured dye was measured at 
610nm against a reagent blank. The amount of nitrogen dioxide was 
calculated from a calibration curve prepared from a standard sodium 
nitrite solution containing 1 to 8 pg N0;/50ml after correcting with 
stoichiometric factor (Table I). For samples of higher concentrations of 
nitrogen dioxide, aliquots of the absorbing solution were used. 
Interferences from heavy metals and sulphur dioxide were masked by 
EDTA and H,Oz prior to the addition of sodium hydroxide. 
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TABLE I 
Calibration data for determination of nitrogen 

dioxide 

NO* 
jlgll0ml of Absorbance’ 

is0 amyl extract 610 

0.085 
0.170 
0.225 
0.340 
0.425 
0.510 
0.595 
0.680 

‘Absorbance was calculated by multiplying the absorbance 
value of nitrite ion conantration (extracted from SOml of water) 
with 0.74 (stoichiomctric factor). 

RESULTS AND DISCUSSION . 

The method reported here is simple, rapid and sensitive ( E  = 5.24 x lo4 
1.mole- m- computed from NO; concentrations). After sampling only 
10-15min. are required for full colour development. The blue dye extract 
has an absorption maxima at 610nm and the dye formed is stable for 
230 hours. Lower concentrations of nitrogen dioxide can also be 
determined thus making the method sensitive, versatile and useful for field 
measurements. The collection efficiency, optimal flow rate for collection 
efficiency, the stoichiometric factor, interferences have been studied. 

The collection efficiency 

The collection efficiency of the absorbing solution was determined by 
drawing nitrogen dioxide containing air through two impingers connected 
in series as proposed by Jacobs and Hochhieser.” After sampling the 
NO2 contents of each impinger were analysed separately by the 
recommended procedure. Collection efficiency was computed from the 
data obtained. The results in Table I1 show that the first impinger has a 
collection efficiency of 96-98.2% at a flow rate of 0.75litres/min. A study 
was also carried out to see the effect of the flow rate on the collection 
efficiency. The results in Table I11 show that the collection efficiency of the 
first impinger decreases with the increase in flow rate. Triethanolamine 
and guaiacol as recommended by Huygen and Steerman17 and Nash16 
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NITROGEN OXIDES IN AIR 

TABLE I1 
Collection efficiency of absorbing solution 

Flow rate =0.75 litrejmin 

NO, Collection 
absorbed efficiency 

in first NO, carried Total of first 
No. of impinger overb NO, impinger 

0 analysis' Pg Pg Pcg 1 "  

197 

1.85 
2.65 
4.95 
6.80 
8.65 

10.35 
14.95 
16.70 

0.05 
0.10 
0.20 
0.20 
0.15 
0.20 
0.55 
0.45 

1.90 
2.75 
5.15 
7.00 
8.80 

10.55 
15.50 
17.15 

97.3 
96.3 
96.1 
97.1 
98.2 
98.1 
96.4 
97.3 

'Dimerent amounts 01 NO, were produced by changing the strength 01 nitrite buffer. 
'Measurements were made alter extracting with Zml 01 iso-amyl alcohol. 

TABLE Il l  
Effect of flow rate on collection efficiency 

NO, absorbed Total 
in first NO, carried amount of Collection 

Flow rate impinger over NO, efficiency 
lit/min Pi2 Pcg P g  

0.50 13.80 
14.30 

0.75 11.85 
8.65 

20.16 
1.00 9.45 

12.60 
1.50 16.50 

18.25 
2.00 17.00 

14.00 
4.00 15.52 

10.18 

0.35 
0.30 
0.2 1 
0.15 
0.36 
0.50 
0.67 
1.42 
2.2 1 
4.00 
3.68 

13.98 
10.34 

14.15 
14.60 
12.06 
8.80 

20.52 
9.95 

13.27 
17.91 
20.46 
21.00 
17.68 
29.50 
20.52 

97.50 
97.90 
98.20 
98.20 
98.15 
95.45 
94.90 
92.10 
89.19 
80.95 
79.18 
52.60 
49.61 
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were found to be unsuitable for enhancing the collection efficiency as they 
interfered with the method. 

NO,: NO2- stoichiometric factor 

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 is known as the stoichiometric factor or 
sometimes referred as “Saltzman Fac t~r ’ ’ . ’~  This NO, :NO; 
stoichiometric factor was evaluated by the procedure of Nash.16 In our 
experiment we replaced Arnold tubes by fritted midget impingers. A factor 
ranging from 0.72 to 0.75 was obtained for five concentrations by the 
present method. We propose the mean value of 0.74 as the stoichiometric 
factor for this method. No difference in the factor was observed even if 
sodium arsenite was used, as reported.” Results in Table IV. 

TABLE IV 
Evaluation of NO,: NO; stoichiometric factor 

Absorbance due Absorbance due 
No. of to NO,* to NOTb Stoichiometric 

an a 1 y s i s 610nm 610nm factor 

1 0.215 
2 0.270 
3 0.370 
4 0.420 
5 0.595 

0.285 
0.360 
0.510 
0.570 
0.800 

0.754 
0.750 
0.725 
0.737 
0.743 

Mean- 0.741 

’NO2 was absorbed in absorbing solution alter passing nitrous and vapour through acidic KMnO,. 
bNilrous acid vanour was absorbed in NaOH. 

Interferences 

It was shown that the interference from sulphur dioxide and heavy metals 
can be masked with H,O, and EDTA re~pective1y.l~ The interference due 
to ozone if present can be eliminated by exposing the air stream to rubber 
which reacts with ozone and not with nitrogen dioxide.” CO, NH,, 
phenol, aniline and formaldehyde which are commonly associated with 
nitrogen dioxide, have no effect on the colour development. 
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NITROGEN OXIDES IN A I R  199 

Application of the method in analysis of air and auto exhaust 

The method has been successfully applied for analysing nitrogen dioxide 
in various samples. Three types of samples were analysed, viz. NO, 
produced by nitrite buffer/KMnO,, NO, in air and NO, in scooter 
exhaust. In each case the sampled air was divided into two parts each 
having a flow rate of 0.751/min. One part was analysed by the procedure 
given in the proposed method and the other according to Nash.16 The 
results obtained are in full agreement with each other (Table V). 

TABLE V 
Analysis of samples containing nitrogen dioxide 

Volume of Nitrogen dioxide found 
sample Present Nash’s 

Source of taken method method 
sample (litres) Pg Pg 

Nitrite buffer] 10 
40 
60 

120 
Air 100 

150 
200 

Scooter exhaust 1.5 
22.5 

3.1 2.7 
9.6 9.4 

14.8 14.9 
21.4 22.6 
7.6 7.8 
9.2 8.7 

13.1 13.4 
4.1 4.0 

10.6 10.8 

The method proposed is rapid and free from rigorous control of 
experimental conditions. The higher collection efficiency and stability of 
the colour are added advantages. The reagents are stable and easily 
obtainable. The method can be used for routine analysis of nitrogen 
dioxide in air as well as auto exhaust, without special modifications. 
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