This article was downloaded by:

On: 18 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Walwrss B Merter 1303 19 Gk b8 Hew J008 (B3N 0GR TINE
E Y International Journal of Environmental Analytical Chemistry
4 \ i Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

mm A | Indole as A Chromogenic Reagent for Traces of Nitrate in Aqueous
CHEMISTRY Solution

'AEAE | N. A Fakhri’; S. A. Rahim*; W. A. Bashir®
Bt vt makneicns - peeiases in | * Department of Chemistry, College of Science, University of Mosul, Mosul, Iraq

Ermvircmmental snd Gleicsl Analysin

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Fakhri, N. A., Rahim, S. A. and Bashir, W. A.(1983) 'Indole as A Chromogenic Reagent for Traces of
Nitrate in Aqueous Solution', International Journal of Environmental Analytical Chemistry, 16: 2, 131 — 138

To link to this Article: DOI: 10.1080/03067318308078355
URL: http://dx.doi.org/10.1080/03067318308078355

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iliable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067318308078355
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20:40 18 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., 1983, Vol. 16, pp. 131-138
0306-7319/83/1602-0131 $18.50/0

© Gordon and Breach Science Publishers Inc., 1983
Printed in Great Britain

Indole as A Chromogenic
Reagent for Traces of Nitrate in
Agueous Solution
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A sensitive and selective spectrophotometric method for the determination of nitrate

. in aqueous solution is worked out. In strongly acidic medium, nitrate is reduced to

nitrite by chloride ions. The nitrite produced is allowed to react with indole to form a
water-soluble and stable compound with an intense absorption at 395nm and adheres
to Beer’s law over 04-2ppm of nitrate with a molar absorptivity of
16.15x 10°mol "t em ™1,

KEY WORDS: Nitrate determination, aqueous solution, indole reagent,
spectrophotometry.

INTRODUCTION

The determination of nitrate in trace concentration is of great
interest in connection with problems of water poliution, sanitation
and allied areas relating to public health." Since spectrophotometric
methods permit trace characterization of numerous analytical
materials, it is not unexpected that most of the used methods to
nitrate determination are based on spectrophotometry, and these are
of four types; type 1, relied on the absorption of nitrate in the
ultraviolet region,?-3 type 2, based on the oxidative action of nitrate
on organic compounds,®® type 3, dependent on nitration
reaction,® 7 and type 4, based on reduction and diazotization.®:®
Each of these methods suffers from a common list of disadvantages.
131
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It has been reported that chloridc ions reduce nitrate to nitrite in
sulphuric acid medium,'® and this idea has been used for nitrate
determination with 4,5-dihydroxycoumarin as the chromogen.!!
However, the color produced with this reagent is unstable unless the
highly toxic solvent, benzene, containing some methanol, is used as
extractant and the method is not remarkably sensitive.

In this work, use has been made of the above idea'® but with
indole as the chromogen. The main features of the present method is
the availability of the reagent (compare reference 11), simplicity of
procedure, sensitivity of the color reaction and no need for
extraction.

EXPERIMENTAL

Reagents

Chemicals used were of analytical grade.

Standard nitrate solution. Prepared by dissolving 0.1370g of
sodium nitrate in distilled water and completing the volume to
1000ml with distilled water. This solution, containing 1000 ppm of
nitrate ion, was diluted for use.

Indole solution, 0.05% in ethanol.

Sodium chloride solution. 4 M solution was prepared.

Sulphuric acid solution. Concentrated (18 M) solution was used.

Apparatus

Spectral measurement were performed on a Shimadzu UV-210A
double-beam recording spectrophotometer and absorbance readings
were carried out on a Pye Unicam SP 600 Series 2 single-beam
spectrophotometer using matched 1cm silica cells.

Procedure

To a series of 25ml volumetric flasks, transfer 1ml of aqueous
sample solution containing 10-50 ug of nitrate. Add 2ml of chloride
solution, 2ml of concentrated sulphuric acid solution and stopper

. the flasks. Allow the reaction mixture to stand for 10~15min then

add 5ml of indole reagent solution and dilute to the mark with
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distilled water. Measure the absorbances at 395nm after 5 but not
65min against the reagent blank using lcm cells. A straight line
passing through the origin should be obtained, indicating that Beer’s
law is obeyed over the cited range. The conditional molar

absorptivity is 16.15x 103>mol " tcm ™1,

RESULTS AND DISCUSSION

Spectral studies

FIGURE 1 shows the absorption spectrum of the compound formed
from the indirect reaction of nitrate (after reduction to nitrite) with
indole in acidic medium. The intense yellow-colored species shows

0.6[-
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350 400 450
Wavel ength/n m

FIGURE 1 Absorption spectra of (A) 50ug of nitrate, treated accordi'ng to the
recommended procedure, measured against reagent blank, and (B) reagent blank
measured against distilled water.
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maximum absorption at 395nm. The flat absorption of the reagent

" blank at the 395nm region can allow measurements to be made

against distilled water.
In subsequent measurements, 1 ml of solution containing 50 ug of
nitrate was taken and final volumes were made up to 25ml.

Effect of acid concentration

The effect of sulphuric acid concentration, which is essential for the
reduction of nitrate to nitrite, on the formation of the colored
compound is first tested. To a series of nitrate solutions 0.5-4ml of
concentrated sulphuric acid solution are added. The intensity of the
colored compound increases with increasing acid concentration and
reaches maximum when the volume of added acid is 1.8-2.2ml, and
2ml of the concentrated acid is recommended for the procedure.

Effect of chloride concentration

Under the above optimum amount of sulphuric acid, the effect of
sodium chloride (4 M) solution on the absorbance of the colored
compound is next investigated. To a series of nitrate solutions are
added 0.5-5ml of chloride solution. The absorbance values remain
maximum in the range 1.5-5ml, and the addition of 2ml of the
chloride solution was incorporated in the procedure.

Effect of standing time for reduction

Since the nitrate-nitrite conversion has been observed to be time
dependent, we thought that the reduction is not a one-step process
and therefore postulated the following scheme:*

2NaNO; + H,S0,——2HNO, +Na,S0, (1)

o] o}
7 7

HO—N  +H,S0 —H,0"—N  +HSO; (2) slow

N N
o o)
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0]

V4
H,0*—N +NaCl—NO7 +[H,O0CI]" +Na* (3)

AN

0]
NO; + 2NaCl—NaNO, +Cl, +Na™ 4
NaNO, +H,S0,——HNO, + NaHSO, 8]
HNO,+H,S0,—H,NOS +HSO; (6) slow
H,NO;——NO" +H,0 (7) slow
NO* +indole——Colored product (8) relatively

rapid

The minimum standing time required for maximum color
development is 10min, and a time of 10-15min is adapted for the
procedure.

Development time and stability period

The reaction rate, after dilution to the mark with distilled water, for

" the formation of the colored body is found by measuring the

absorbance of the reaction mixture at various intervals of time. The
experimental data indicate that maximum formation of the
chromophore takes place after 5min, from dilution to the mark, and
remains stable for about 1hr, after which gradual fading occurs.

Accuracy and precision of the method

Under the above optimum conditions, the accuracy and precision
(from eight replicate determinations) of the method are checked. The
results are given in Table L
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TABLE 1
Accuracy and precision of the method.

Relative Relative standard
Nitrate taken/ug error, % deviation, %,
10 +0.12 14
25 +0.19 0.2
50 +0.52 0.6

Study of diverse ions

In order to assess the possible analytical applications of this colour
reaction, the effects of foreign ions that may accompany nitrate have
been examined by carrying out determinations on 50 ug of nitrate in
the presence of each of these ions. The results are compiled in Table
IL.

The method is more selective for most of the anions tested than
for cations. The latter may simply be trapped using ion-exchange
procedure.

Comparison with other methods

The method is superior to most of the currently-used methods for
nitrate determination. The method is more sensitive than, the most
recently published method, ie. the 4,5-dihydroxycoumarin
procedure.'' Further, the color reaction needs no extraction and is
simple and rapid.

CONCLUSION

A sensitive, accurate and precise method has been developed for the
determination of nitrate in the range 0.4-2ugml~'. Because of its
advantageous characteristics, the method will be useful in routine
analysis of nitrate. However, some ions commonly present in waters
can cause interference. A suitable preliminary ion-exchange clean-up
may therefore frequently be required.
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TABLE 11

Effect of diverse ions on nitrite determination.

Permissible amount
in the presence of

Interferent 50 ug of nitrate/ug
Acetate 22,500
Ammonium 13,000
Bromide 5000
Carbonate 22,500
Chloride 25,000
Fluoride 45,000
Hydrogen carbonate 20,000
Todate 75
Todide 200
Phosphate 5000
Sulphate 17,500
Sulphide 12.5
Sulphite 22.5
Aluminium 12.5
Barium 300
Cadmium 25
Calcium 10,000
Chromium (IIT) 37.5
Chromium (VI) 25
Cobalt (II) 25
Copper (II) 50
Iron (II) 25
Iron (III) 50
Lead (II) 25
Magnesium 750
Molybdenum (VI) 25
Nickel (II) 25
Vanadium (V) 25
Zinc 2.5

*Amount of diverse jons causing an error of more than or

equal to +5% in the absorbance readings.

137
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