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Nitrate is quantitatively retained with 2,6-bis(4-methoxyphenyl)-4-phenyl pyrylium perchlorate (PPP) on microcrystalline naphthalene 
in the pH range of 6.5-9.0 from a large volume of aqueous solutions of various samples. The method was based on the complexation 
between PPP and nitrate and then, extraction of the resulted complex from aqueous solution by microcrystalline naphthalene. The 
solid mass consisting of the nitrate complex and naphthalene was then dissolved in dimethyl formamide (DMF) and absorption of 
the resulted solution was obtained at 328 nm. The linear calibration range for the determination of nitrate was 15-135 μg L-1 with 
the detection limit of 10 μg L-1. 
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INTRODUCTION

Nitrate is commonly monitored for environmental protection 
purposes in agricultural, food controls, the control of multiple uses 
of water and also in checks its potability. Owing to the formation of 
carcinogenic N-nitrosamines and being also essential to indicate or-
ganic pollution in water, the determination of the exact concentration 
of nitrate is desirable. In recent years, an increasing interest in the 
determination of nitrate levels in food products has been observed, 
essentially due to the potential reduction of nitrate to nitrite, which is 
known to have adverse effects on human and animal health. Nitrate is 
intermediate states in the nitrogen cycle, and the high concentration of 
nitrite in water generally indicates poor quality. Presently, nitrate can 
be quantified in plasma, serum and urine samples by various methods 
based on different analytical principles.1 These methods have produ-
ced diverging values of nitrate in the circulation of healthy humans. 
This variation can only partially be explained by differences in dietary 
intake of these compounds. The major reason for the discrepancies 
seems to be methodological problems.2 A stable metabolite of NO 
is nitrate and it is generally accepted as an indicator of NO. This 
indirect measurement is generally used because NO has a very short 
half-life in biological systems.3 Most studies of NO concentrations 
from vitreous samples are conducted by detection of nitrate using 
the Griess reaction.4 Nitric oxide (NO) partly autooxidizes to nitrite 
(NO2

-), whereas by far the major endogenous and exogenous sources 
fraction of NO is oxidized to nitrate (NO3

-) within the erythrocytes by 
oxyhemoglobin (HbFe(II)O2). Nitrate levels from vitreous samples 
are quantified by the chemical reduction of nitrate to nitrite, and then 
the reaction of nitrite with the Griess reagents produces a purple azo 
dye which can be measured at 540 nm.5

Many spectrophotometric methods are available for the determi-
nation of nitrate.6-8 Extensive use has been made of diazotization and 
coupling reaction after reduction of nitrate to nitrite,9 copper-coated 
cadmium metal10 and titanium (III) chloride11 have been used. Ho-

wever, reduction should not proceed beyond nitrite. Reduction of 
nitrate to nitrite and the catalytic effect of nitrite on the oxidation of 
Naphtol Green B by bromate,12 or reduction to nitric oxid and chemi-
luminescence detection by reaction with ozone13 have also been used. 

Among the various methods in preconcentration and determi-
nation, solid-phase extraction has received more acceptances due 
to its simplicity, rapidity and attainability of large preconcentration 
factor. A variety of solid materials such as modified ion exchange 
resins,14 functionalized resins with chelating reagents,15 modified 
nanometer-sized alumina,16 thermal modified Kaolinite,17 activated 
carbon,18 zeolites,19 cellulose,20 and immobilized microorganisms 
on sepiolite21 have been used for preconcentration of trace metals. 
Microcrystalline naphthalene22 and benzophenone23 have also been 
used as solid phase for adsorptive extraction of metal ion complexes.

In this work, solid phase extraction with microcrystalline na-
phthalene is proposed. The method is based on the distribution of the 
complex of nitrate and 2,6-bis(4-methoxyphenyl)-4-phenyl pyrylium 
perchlorate (PPP) between the solid and liquid phases under selected 
experimental conditions. The adsorbed complex on microcrystalline 
naphthalene is easily dissolved with a suitable organic solvent such 
as dimethylformamide (DMF) and determined by spectrophotometry. 
The proposed method is rapid sensitive and cheap.

EXPERIMENTAL

Apparatus and reagents

A Perkin Elmer model lambda 45 (UV/Vis) spectrophotometer 
with a 1.0 cm quartz cell was used for absorbance measurement at a 
fixed wavelength. A Metrohm pH meter 691 was employed for pH 
measurements. All glassware was washed with a mixture of concen-
trated sulfuric and nitric acid (1:1) before use. All the reagents were 
of analytical reagent grade and were used without further purification. 
The standard stock solution of nitrate (1000 mg L-1) was prepared by 
dissolving 0.0137 g of NaNO3 (Merck) in water in 100 mL volume-
tric flask. Working solutions were prepared by appropriated dilution 
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of the standard solution used in the calibration curves and in the 
standard additions method were obtained by subsequent dilution of 
the stock solutions. A 1.0 x 10-3 M solution of PPP was prepared by 
dissolving 0.0468 g of PPP in 100 mL of acetone. Buffer solutions 
of pH 6-10 were prepared by mixing soda, phosphoric acid and boric 
acid solution. A 20% solution (w/v) of naphthalene was prepared 
by dissolving 20.0 g of naphthalene in a 100 mL volumetric flask.

General procedure

An aliquot of nitrate solution (containing 15.0-135.0 μg L-1) was 
placed in a conical flask fitted with a ground glass stopper. The pH was 
adjusted to ca. 9.0 with 2.0 mL of the buffer solution. The solution 
was diluted to 250 mL with water, and 4.0 mL of 1.0 x 10-3 M PPP 
was added. The solution was mixed well and was allowed to rest for 
5 min; later 5.0 mL of a 20% naphthalene solution in acetone was 
added with continuous shaking. The formed solid mass, consisting of 
naphthalene and the metal complex was separated by filtration on a 
glass filter. The residue was washed with water and then dried in the 
fold of filter glass. The solid mass was dissolved in DMF and came 
up to volume with the same solvent in 5.0 mL volumetric flask. The 
absorbance of the complex was measured at 328.0 nm.

RESULTS AND DISCUSSION

Optimization of the experimental conditions

Optimization of conditions for complex formation
For obtaining the optimum condition in the formation of complex 

between NO3
- and PPP, the amount of PPP, time required to form a 

stable complex and the pH of the solution is investigated.

Optimization of pH of solution
The effect of pH on recovery of nitrate was examined (Figure 1). 

The adsorption of nitrate complex on the microcrystalline naphthalene 
was found to be maximal in the pH range of 6.5-9.0. In subsequent 
studies, the optimum pH of 9.0 was selected.

Optimization of PPP concentration
The effect of PPP concentration on the recovery of nitrate was 

investigated in the range of 1.0 x 10-4 – 5.0 x 10-2 M in its acetone 
solution. Therefore, 3.0 x 10-3 M of PPP was selected for subsequent 
experiments as an optimum amount.

Optimization of stirring time 
The effect of stirring time required to form a stable complex was 

also studied. The effect of stirring time on the recovery of nitrate was 
investigated in the range of 1-10 min. 2 min was selected as optimum 
stirring time and used in subsequent studies.

Optimization of conditions for extraction

Optimization naphthalene amount
In order to nitrate-PPP complex to be adsorbed quantitatively, the 

amount of naphthalene must be chosen carefully. Various amounts of 
naphthalene in the range of 5-25% was added to the sample solutions, 
keeping other variables constant. It was observed that the absorbance 
increased as naphthalene amount increased and remained constant 
after 20% of naphthalene. Therefore, 20% naphthalene was used in 
subsequent studies as optimum amount.

Stirring time and rest time
Effect of stirring time and rest time was also studied. For stu-

dying the effect of stirring time, the absorbance of extracted nitrate 
was studied and compared. The stirring time was varied from 2-16 
min (Figure 2). As it is clear, after about 8 min, the higher amounts 
of complex are extracted. 10 min was selected as optimum stirring 
time and used in subsequent studies.

To investigate the effect of rest time, after the extraction of 
complex into microcrystalline naphthalene, it was allowed to rest 
at room temperature from 1 to 10 min. The results showed that the 
nitrate-PPP complex can be absorbed very fast by microcrystalline 
naphthalene even at room temperature in few minutes. Resting time 
of 3 min was selected as optimum value.

Selection of solvent and the solvent volume and extraction time
A number of solvents were examined to dissolve the complex 

contained in the naphthalene. It should be mentioned that to obtain 
the higher preconcentration efficiency, it is essential to dissolve the 
solid mass i.e. naphthalene containing complex in a small volume 
of solvent. In addition, the selection of solvent type is also essential 
to dissolve the solid mass as much as possible. So, various solvents 
were tested. The solid mass was soluble and stable in dimethlsul-
foxide (DMSO), dimethylformamide (DMF), acentonitrile and 
methylisobutylketones (MIBK), but it was not soluble in n-hexane, 
iso-methylalcohol and ethylacetate. Among these solvents, DMF was 
chosen, because the complex had highest apparent molar absorptivity 
at 328.0 nm. It was found that 4.0-7.0 mL of the selected solvent 
was sufficient to dissolve the solid mass. So, 5.0 mL of the selected 
solvent was chosen as optimum amount of solvent

Analytical figures of merit

The calibration curve for the determination of nitrate was prepared 
according to the general batch procedure under the optimum conditions 
developed above described (Figure 3). The linearity was obtained in 
the range of 15-135 μg L-1 of nitrate with a correlation coefficient of 
0.9988. The detection limit of the proposed method (calculated as 3σ) 

Figure 1. Optimization of pH on the absorption of nitrate, at λmax= 328.0 nm, 
[NO3

-] =50 μg L-1, [2,6-bis(4-methoxyphenyl)-4-phenyl pyrylium perchlorate 
(PPP)]=1.0 x 10-3 M, stirring time = 10 min, in solvent DMF

Figure 2. Optimization of stirring time, at λmax = 328.0 nm, [NO3
-] = 50 μg 

L-1, [2,6-bis (4-methoxyphenyl)-4-phenyl pyrylium perchlorate (PPP)] = 1.0 
x 10-3 M, pH = 9.0,  in solvent DMF
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was obtained to be 10 μg L-1. The relative standard deviation of nitrate 
determination (50 μgL-1) was found to be 2.1% (n=5).

Interference studies

Various ions were added to the solution containing 50 μg L-1 of 
nitrate and the general batch procedure was applied. The tolerance limit 
was set as the concentration required to cause ± 5% error in the determi-
nation of nitrate. The results obtained are given in Table 1. Among the 
anions studied, many did not interfere even at more than 300 times of 
nitrate. Ions such as sulfide, carbonate and nitrite interfered at more than 
20 times of nitrate. However, the interference of sulfide and carbonate 
can be omitted by the addition of an acid (such as acetic acid, pH 4). 
So, the proposed method can be applied for determination of nitrate in 
water samples containing the studied ions in reported concentrations.

Real sample analysis

The method was applied to determine nitrate in certain sample 
of river water and drinking water. All water samples were filtered 
through an 0.45 μm membrane filter prior to analysis. The results are 
reasonably in good agreement with those added to samples. Table 2 
shows the results. 

CONCLUSION

Extraction of nitrate was done by liquid-solid extraction system 

using microcrystalline naphthalene as an extractor. The method descri-
bed in this paper allows for the rapid, precise and reliable determination 
of nitrate in water samples. The main benefits of the procedure are the 
enhanced sensitivity of the spectrophotometric method, rejection of ma-
trix constituents, low cost, fairly easy operation and speed of analysis. 
The lower (improved) detection limit of the proposed method for nitrate 
determination allows us to use this simple, precise and sensitive method 
for the determination of nitrate in its very low levels in water samples.
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Table 1. Tolerance limit of the method for interference studied. The NO3
- 

concentration in samples was 50 µg L-1

Interference
        X

Tolerance limit (ratio)
X/NO3

-

CO3
2- , NO2

-, S2- 20

PO4
3-, SCN- 60

BiO3
-, I-, Cl- 100

IO3
-, SO3

2-, C2O4
2-, SO4

2-, ClO4
- 300a

a Higher amount tested. 

Table 2. Determination of nitrate in water samples

Sample [NO3
-] a

[μg L-1]
Added
[μg L-1]

Found b

[μg L-1]
Recovery

%

River water  A 860 ± 12 100 103 ± 2 103

River water  B 742 ± 10 80 75 ± 1 93

Drinking water  C 196 ± 6 23 25 ± 1 109
a Determination of nitrate by conventional  spectrophotometric method.24  
b Average of 5 determination ± standard deviation.

Figure 3. Calibration curve for the determination of nitrate, at λmax = 328.0 
nm, [2,6- bis(4-methoxyphenyl)-4-phenyl pyrylium perchlorate (PPP)] = 1.0 
x 10-3 M, pH = 9.0, stirring time = 10 min, in solvent DMF


