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Abstract

The composite diazotization coupling reaction of sulfanilic acid and N, N-
dimethylaniline was used for the precise, accurate, and rapid determination of trace
amounts of nitrite ion (0.02-3 pg/ml). The reaction was monitored
spectrophotometrically by measuring the absorbance of the produced methyl orange
at 510 nm by a fixed time method of 5.0 minutes. The relative standard deviation for
the determination of 0.50 pg/ml of nitrite was 1.8% (n=11). The method was used for
the determination of nitrite in sausage and water samples.

Introduction

The determination of micro amounts of nitrite is
important owing to its biological effects [1-3]. Many
different methods are available for the determination of
micro amounts of nitrite in solution [4-6]. Among these the
spectrophotometric methods, which are based on the
formation of an azo dye [7-9], are important. Numerous
kinetic methods for the determination of nitrite have also
been reported {10-15].

In this article we wish to describe a kinetic
spectrophotometric method for the determination of low
concentrationsof nitrite ion using its reaction with sulfanilic
acid and N,N-dimethylaniline. The method is rapid,
accurate, precise, selective and has arelatively large linear
dynamic range.

Experimental Section
Reagents and Chemicals

Triply distilled water was used throughout. All
chemicals were of analytical-reagent grade.

Nitrite standard solution was prepared by dissolving
1.5000 g of dried NaNO, (Merck) in water and diluting to
the mark in a one-liter volumetric flask. This solution was
standardized [16]. Working solutions were prepared by
appropriate dilution of the stock solution with water. A

Keywords: Kinetic-spectrophotometric; Nitrite determination

96

0.040 M sulfanilic acid solution was prepared by dissolving
1.7319 g of sulfanilic acid (Merck) in water and diluting to
the mark ina 250-m1 volumetric flask. Acetic acid solution
(6 M) was prepared by appropriate dilution of glacial
acetic acid (Merck) with water,

A 0.5 M N,N-dimethylaniline solution was prepared
by dissolving 6.3 ml N,N-dimethylaniline (Merck) in
water containing 20 ml of glacial acetic acid and diluting
to 100 ml with water. This solution was stored in a dark
bottle in a refrigerator.

Apparatus

A Shimadzu model UV-120-01 spectrophotometer
with a 1-cm glass cell was used for absorbance
measurements.

Recommended Procedure

All the measurements were performed at 3040.1°C.
Into a 10-m! standard flask introduce an aliquot of sample
containing 0.20-30.0 ug of nitrite and 1.0 ml of 0.04 M
sulfanilic acid and 1.3 ml of 6 M acetic acid. Dilute to about
9mlwith water. Add0.60mlof0.5M N, N-dimethylaniline
and dilute to the mark with water. Transfer a portion of the
solution into a 1-cm glass cell and measure the absorbance
at 510 nm during the first 5.0 minutes.
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Results and Discussion

Composite diazotization coupling reaction of sulfanilic
acid, as a diazotizable aromatic amine, and N,N-
dimethylaniline, as a coupling agent, proceeds in acidic
media to produce methyl orange. The rate of the reaction is
proportional tothe concentration of nitrite ion. Thisreaction
was used for the determination of trace amounts of nitrite
ion. The reaction was monitored spectrophotometrically
by measuring the absorbance of the reaction mixture at 510
nm (Figure 1) by a fixed time method of 5.0 minutes.

Effect of Variables

Since the reaction proceeds in acidic media, the effect
of type and concentration of acid on reaction rate was
studied. Hydrochloric acid, sulfuric acid, phosphoric acid
and acetic acid were tested and acetic acid was found to be
the best.

The study of the effect of acetic acid concentration on
reaction rate showed that its optimum value is dependent
on the concentration of N,N-dimethylaniline. As Figure 2
shows, aconcentration of 0.03 M N, N-dimethylaniline and
1 M acetic acid was found to be suitable.

The influence of the concentration of sulfanilic acid on
reaction rate was also studied (Figure 3) and the
concentration of 4.0 x10* M was selected for the study. A
change in the ionic strength of the solution had no
considerable effect on reaction rate up to about 1.0 M.

As Figure 4 shows, the reaction rate is increased by
mmcreasing temperature up to 30°C then remains nearly
constant and decreases at temperatures higher than 40°C,
This decrease may be due to instability of nitrous acid at
high temperatures. The temperature of 30°C was selected
for routine works.

Analytical Parameters

Under the optimum conditions, a linear calibration
graph was obtained in the concentration range of 0.02-3.0
png/ml with a correlation coefficient of 0.9999 and a
regression equation of:

A=1.021x10°+0.6436 C
where C is the concentration of nitrite in pg/ml. The
relative standard deviation of eleven replicate
determinations was 1.8% for a 0.50 pug/ml nitrite solution.

Interferences

The potential interference of a large number of cations
and anions on the determination of 0.5pg/ml of nitrite was
examined. The results are given in Table 1. The tolerance
limit of each foreign ion was taken as the amount of added
ion causing less than a 3% relative error. As can be seen
from Table 1, the selectivity achieved by the proposed
method was very good, since most of the ions tested did not
interfere even when present in 200-1000 fold of nitrite.
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Figure 1. Absorption spectrum of methyl orange in acidic media
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Figure 2. Effect of acetic acid concentration on the reaction rate
in a )0.01, b) 0.02, ¢)0.03, d)0.04 M N,N-dimethylaniline
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Figure 3. Effect of sulfanilic acid concentration on the reaction
rate



Vol.8 No.2

Spring 1997 Afkhami and Moghamesband J.Sci. L.R.Iran
Table 1. Effect of foreign ions on the determination of 0.5 pg/ml of nitrite
Ion Tolerance limit (ug/ml)
Ce(TIl), Ba(Il), Pb(II), Cd(II), Zn(ID), 500
Mg(II), Sr(II), Mn(ID), Ca(Il), Ag(I),
Na(D), Li(I), K(I),
NH,, PO}, C,0,7, CO;, SO, NO,, CI, F, IO,
CN, SCN-CLO, 400
Ni(I) 200
Co(ID
SO, 100
Cu(I) 80
I 20
Fe(IIl) 15
Fe(Il) 4
a) Above of which was not tested.
b) After removed as described in text.
4 Table 2. Determination of nitrite in waste water
ok Sample Concentration of nitrite (j1g/m1)
¢ number
Proposed method Standard method
o5k (n=5) (n=5)
A .
1 0.098 0.098
04k 2 0203 0.197
3 0.258 0.252
4 0.642 0.651
08 . . . . .
0 1o 20 30 4 50 &0
Temperature (°C)
method (34.410.2ppm).

Figure 4. Effect of temperature on the reaction rate

The results showed that more than 40-fold iodide, 30-fold
Fe(TII), 10-fold sulfite and 8-fold Fe(II) interfere. Iodide,
Fe(I), and sulfite interfere by reducing nitrite ion. The
interfering effect of sulfite ion was effectively removed
using formaldehyde as amasking agent before acidification
of the solution.

Applications

In order to evaluate the analytical applicablity of the
method, the procedure established was used for the
determination of nitrite in a sample of sausage and four
samples of water.

For the determination of nitrite in sausage sample,
dissolution was carried out and its nitrite content was
determined by both the proposed and standard methods
[17]. The nitrite concentration in the sample was found to
be 34.1+0.2 ppm (n=5) by the proposed method which was
insatisfactory agreement with thatobtained by the standard
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Four samples of waste water were also analyzed. As
Table 2 shows, these results agreed well with the standard
method [17].

Conclusion _

The proposed method could be used for rapid and
accurate determination of nitrite in water and meat samples.
Although the sensitivity and selectivity of the proposed
method is notmuchof an improvementon some previously
reported methods, it could be considered superior with
regard to the rapidity, simplicity and large linear dynamic
range.
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