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Micelle-Mediated Extraction and Spectrophotometric Determination of Ammonia

in Water Samples utilizing Indophenol Dye Formation
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Foi investigado um processo de extragdo rapido, seletivo e sensivel por ponto nuvem para extrair
o indofenol, formado na reagdo de Berthelot com amonia, a partir de solu¢des aquosas. Utilizou-se
a mistura do surfactante nao idnico, Triton X-114, e do catidnico, brometo de cetiltrimetilamo6nio
(CTAB). O método foi baseado na cor do corante indofenol produzido pela reacdo da amonia com
fenol em meio alcalino e condi¢des oxidantes, e na extracdo por ponto nuvem. Os efeitos da reagdo
e dos pardmetros da extragdo foram estudados e otimizados. A linearidade obedeceu ao intervalo
de 2,00-125,00 ng mL"' de amonia. O limite de detec¢do do método foi de 1,00 ng mL". Testou-se
também o efeito de interferéncia de alguns fons comum. Aplicou-se o método para a determinagao
do fon amonio em amostras de dgua naturais.

A rapid, selective and sensitive cloud point extraction process using the mixture of nonionic
surfactant, Triton X-114, and cationic surfactant, cetyltrimethylammonium bromide (CTAB), to
extract indophenol formed in the Berthelot reaction with ammonia from aqueous solutions was
investigated. The method was based on the color reaction of ammonia with phenol under suitable
oxidizing conditions in alkaline medium and cloud point extraction of produced indophenol
dye. Effects of reaction and extraction parameters were studied and optimum parameters were
established. Linearity was obeyed in the range of 2.00-125.00 ng mL"! of ammonia. The detection
limit of the method was 1.00 ng mL"! of ammonia. The interference effect of some common ions
was also tested. The method was applied to the determination of ammonium in natural water
samples.
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Introduction

Nitrogen is an essential nutrient for all forms of life in
plants, animals and human. Nitrogen is required for the
synthesis of amino acids, which are the building blocks of
protein. Ammonia is an important source of nitrogen for
living systems and found throughout the environment in
the air, soil, and water; and in plants, animals and humans.
Two most convenient species of nitrogen in water samples
are unionized ammonia (NH,), when pH is above 9.75 and
the ionized ammonium ion (NH,*) when the pH is below
8.75.! Dissolved ammonia is one of the most important
pollutants in our environment and the main source of
ammonia contamination is farming and agricultural
activities."? Exposure to high levels of ammonia can cause
irritation and serious burns on the skin and in the mouth,
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throat, lungs, and eyes. At very high levels, ammonia can
even cause death. Given its high toxicity and trace level in
natural samples, the preconcentration and determination of
ammonia has gained significant importance to a number
of applications including environmental protection and
agriculture sector.

Several methods have been reported for the determination
of ammonia including spectrophotometry,'!* solid-
phase extraction diffuse reflectance spectroscopy,'!
electrochemical methods,'>!* ion-chromatography,'*!3
spectrofluorimetry,'® and capillary electrophoresis.'”

The most widely applied method for the determination
of ammonia in natural waters or other samples is based
on the indophenol dye formation or Berthelot reaction.!!!
In this method the samples are treated with phenol and
an oxidizing agent, typically alkaline hypochlorite and
appropriate catalyst to transform ammonia into indophenol
blue dye, which is then determined spectrophotometrically.
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A specific criticism of the indophenol dye method in
ammonia determination includes difficulties with low
concentration samples.!!

Due to ammonia low levels and the complicated
matrices in environmental samples, it is usually necessary
to apply a preconcentration method while separating the
analyte from the concomitants. Several methods such as
solid-phase extraction (SPE),!*!! headspace single-drop
microextraction (SPME),'” micro-phase sorbent extraction
and membrane filter,'® static headspace preconcentration, '
Amberlite XAD-7% have been used for preconcentration
of ammonia or its derivatives. Usually these methods are
laborious and time consuming. They also present low
precision and accuracy due to several sample preparation
steps.

Micelle-mediated extraction has been used in several
different matrices for trace organic or inorganic species
determinations.?'?* To carry out the separation and
preconcentration of ammonia, mixed micelle-mediated
extraction (mixed-MME) system was used in this work.
MME is becoming an important and practical application
of the use of surfactants in analytical chemistry.? Mixed
surfactants of different charges have been used for
extraction and preconcentration in order to accomplish both
ideal hydrophobic and non-ideal electrostatic interactions.
The use of cationic surfactants in combination with non-
ionic surfactants has been documented with an increase
in the extraction efficiency of polar organic compounds.?

The purpose of this study is to propose a method for
the spectrophotometric determination of ammonia after
preconcentration in a simple cloud point extraction (CPE)
process. The method is based on the color reaction of
ammonia with phenol in the presence of hypochlorite in
alkaline media and micelle-mediated extraction of the
produced blue dye. A mixture of nonionic surfactant, Triton
X-114, and cationic surfactant, cetyltrimethylammonium
bromide CTAB, was chosen as the extraction agent without
any need to water bath. To the best of our knowledge, this
is the first report on the preconcentration of ammonia by
CPE method.

Experimental
Reagents

Analytical grade reagents and double distilled water
(DDW) were used in all experiments. Stock ammonia
solution (1000 mg L") was prepared weekly by dissolving
an appropriate amount of anhydrous NH,Cl (Merck) (dried
at 100 °C) in DDW. Phenol-sodium nitroprusside solution
was prepared daily by dissolving 2.00 g phenol (Merck)
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and 0.005 g sodium nitroprusside dehydrate (Merck) in
DDW and diluting to 100 mL with water. The solution
was storied in an amber bottle in the refrigerator. Sulfuric
acid solution (0.25 mol L") was prepared by dissolving an
appropriate amount of concentrated acid (Merck) in DDW.
Hypochlorite-NaOH solution was prepared by diluting
8 mL of bleach water (Pakshoo) (5% active chlorine) and
12.5 mL of 0.5 mol L"! NaOH solution to 50 mL with DDW.
CTAB (1% m/v) and Triton X-114 (4% m/v) stock solutions
were prepared by dissolving appropriate amounts of the
reagents (Sigma-Aldrich) in hot distilled water.

Apparatus

A single beam WPA model Lightwave II UV/Vis
spectrophotometer with a 1 cm path length quartz cell
(0.50 mL) was used in the absorbance measurements at
A .- A centrifuge with 10.0 mL calibrated tubes (Superior,
Germany) was used to accelerate the phase separation
process in the CPE method.

Procedure

An appropriate amount of the ammonia stock solution
to obtain a final concentration in the 2.00-125 ng mL"!
range, and 1.00 mL of the phenol-sodium nitroprusside
solution were transferred into a 10.0 mL tube and the
mixture was shaken vigorously for 30 s. Then, 1.00 mL
of the hypochlorite-NaOH solution was added and the
mixture was vigorously shaken for another 30 s. The
solution was then diluted to approximately 8.00 mL with
DDW and heated for 15 min at 37 °C in a water bath to
complete the color formation reaction. After that, 0.25 mL
of 0.25 mol L-'sulfuric acid, 0.75 mL of 4% (m/v) Triton
X-114 and 0.5 mL of 1% (m/v) CTAB solutions were added
and the solution was made up to the mark with DDW.
Separation of two phases was accelerated by centrifugation
for 10 min at 3800 rpm. The mixture was cooled down in
a salt bath to increase the viscosity of the surfactant-rich
phase. The aqueous phase was easily separated simply by
inverting the tube. The surfactant-rich phase was diluted with
ethanol to a final volume of 0.50 mL and transferred into a
0.50 mL quartz cell. The sample absorbance at 650 nm was
determined against a reagent blank. The blank solution was
submitted to the same procedure as the sample. For the blank,
the ammonia solution was replaced by DDW.

Results and Discussion

In the alkaline media and in the presence of an
appropriate oxidizing agent the condensation reaction of
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Scheme 1.

ammonia with phenol produces colored product indophenol
dye (Scheme 1).%°

Colored product shows an absorption spectrum with
maximum absorbance at about 630 nm in aqueous and
650 nm in micellar medium. It was observed that addition
of a mixture of the neutral surfactant Triton X-114 and
cationic surfactant CTAB, is suitable for separation and
preconcentration of produced dye by CPE method.

Optimization of the system

The indophenol formation reaction takes place in
alkaline media. The effect of the concentration of NaOH
on the indophenol formation was studied. The study
was carried out using ammonia solution not submitted
to preconcentration. As can be observed in Figure 1, the
absorbance of the surfactant rich phase for both sample and
blank solution increased by increasing NaOH concentration
up to 0.01 mol L' and remained nearly constant at higher
concentrations. Therefore, 0.0125 mol L' NaOH was
used as the optimal concentration for complete color
development.

Although 0.0125 mol L' NaOH was the optimum
medium for color development, CPE of indophenol does
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Figure 1. Effect of NaOH on CPE preconcentration performance.
(M) sample and (#) blank. Conditions: ammonia, 25 ng mL"'; Triton
X-114, 0.3% (m/v); CTAB, 0.05% (m/v); phenol, 0.021 mol L'; sodium
nitroprusside, 3.4 x 10° mol L'; hypochlorite, 0.08% active chlorine;
sulfuric acid, 6.25 x 10° mol L.

not take place in this media. It was found that a less
alkaline medium is required for this analyte extraction
at room temperature by CPE. Therefore in order to make
the extraction of the produced dye possible, sulfuric
acid was added to the solution after completion of color
development. The effect of the addition of 0.05-0.40 mL
of 0.25 mol L' sulfuric acid was investigated. The results
showed that addition of acid increased the absorbance
of surfactant rich phase up to 0.10 mL, remained nearly
constant between 0.10-0.30 mL and decreased at higher
concentrations. Therefore, 0.25 mL of 0.25 mol L' sulfuric
acid was added in future experiments.

The concentration of surfactant that is used in CPE is
an important factor. In CPE, the hydrophobic compounds
initially present in the solution bind to the micelles and
are extracted into the surfactant-rich phase. Only a small
portion of these compounds, below the critical micelle
concentration (cmc), remains in the aqueous phase.
As the charge of the indophenol is negative, in order
to accomplish both ideal hydrophobic and non-ideal
electrostatic interactions within the same extraction system,
amixture of a cationic surfactant and a non ionic surfactant
should be used for extraction. Preliminary investigations
showed that the indophenol dye was completely extracted
in a mixture of Triton X-114 and CTAB. To obtain the
optimal concentration of Triton X-114, the effect of its
concentration on the absorbance of the surfactant rich
phase was investigated (Figure 2). As Figure 2 shows, the
absorbance of surfactant rich phase for both sample and
blank increased by increasing Triton X-114 concentration
up to 0.12 and 0.20% (m/v), respectively, and remained
constant at higher concentrations. Therefore, 0.3% (m/v)
of Triton X-114 concentration was used as the optimal
concentration.

The effect of CTAB concentration on the extraction of
produced indophenol in the range 0.00-0.125% (m/v) was
investigated. The results showed that the absorbance of the
surfactant rich phase of the blank and sample increased
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Figure 2. Effect of Triton X-114 concentration on CPE preconcentration
performance. () sample and () blank. Conditions: ammonia, 25 ng mL";
CTAB, 0.05% (m/v); phenol, 0.021 mol L"'; sodium nitroprusside,
3.4 x 10 mol L*'; hypochlorite, 0.08% active chlorine; NaOH,
0.0125 mol L'; sulfuric acid, 6.25 x 107 mol L.
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Figure 3. Effect of surfactant CTAB on CPE preconcentration
performance. (H) sample and () blank. Conditions: ammonia, 25 ng mL";
Triton X-114, 0.3 % (m/v); phenol, 0.021 mol L'; sodium nitroprusside
3.4 x 10 mol L'; hypochlorite, 0.08% active chlorine; NaOH,
0.0125 mol L'; sulfuric acid, 6.25x107 mol L.

by increasing CTAB concentration up to 0.04% (m/v)
and remained nearly constant at higher concentrations
(Figure 3). Therefore, 0.05% (m/v) CTAB was used in the
proposed method.

The effect of the hypochlorite concentration on the
absorbance of the system was also investigated. The results
showed that the absorbance of the solutions increased by
increasing the hypochlorite concentration up to 0.06%
(m/v) (active chlorine) and then remained nearly constant
(Figure 4). Therefore, 0.08% (m/v) (active chlorine) was
used in the proposed method.

The effect of the phenol concentration on the absorbance
of the system was also investigated. The results (Figure 5)
showed that the absorbance of the surfactant rich phase
of the blank and sample increased by increasing phenol
concentration up to 0.005 and 0.016 mol L, respectively,
then remained nearly constant up to 0.026 mol L' and
decreased at higher concentrations. Therefore, a0.021 mol L"!
concentration of the phenol was used for further works.

The effect of the concentration of sodium nitroprusside
in the range 0.00-5.0 x 10> mol L"! was also studied. As can
be observed in Figure 6, the absorbance of the surfactant
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Figure 4. Effect of NaClO on CPE preconcentration performance.
(M) sample and (#) blank.Conditions: ammonia, 25 ng mL";
Triton X-114, 0.3% (m/v); CTAB, 0.05% (m/v); phenol, 0.021 mol L'!;
sodium nitroprusside, 3.4 x 10° mol L'; NaOH, 0.0125 mol L;
sulfuric acid, 6.25 x 10> mol L.

0.6

N
~
1

<
[\
1

Absorbance

0 0.01 0.02 0.03 0.04

Phenol concentration / (mol L™)

Figure 5. Effect of phenol on CPE preconcentration performance.
(l) sample and (@) blank.Conditions: ammonia, 25 ng mL";
Triton X-114, 0.3% (m/v); CTAB, 0.05% (m/v); sodium nitroprusside,
3.4x10° mol L''; hypochlorite, 0.08% active chlorine; NaOH, 0.0125 mol L'';
sulfuric acid, 6.25 x 103 mol L.

rich phase for sample and blank increased by increasing
sodium nitroprusside concentration up to 1.02 x 10 mol L!
and remained nearly constant at higher concentrations.
Therefore, a 1.7 x 10° mol L' sodium nitroprusside
concentration was used as the optimal concentration.

As Figures 1-6 show, the absorbances for the blank
solutions at 650 nm are significant. Blank signals are
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Figure 6. Effect of sodium nitroprusside on CPE preconcentration
performance. (M) sample and (#) blank.Conditions: ammonia,
25 ng mL-'; Triton X-114, 0.3 % (m/v); CTAB, 0.05% (m/v);

phenol, 0.021 mol L'; hypochlorite, 0.08% active chlorine;
NaOH, 0.0125 mol L''; sulfuric acid, 6.25 x 10 mol L.
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caused by a light-induced reaction involving nitroprusside
breakdown products that form an indophenol dye with a
similar visible spectrum to that formed with ammonia.’
Figures 1-6 also show that an increase in the concentration
of NaOH, Triton X-114, CTAB, CIO-, and sodium
nitroprusside caused an increase in the absorbance of the
surfactant rich phase. The signal increase is probably due to
either a higher yield of the colored product or improvements
in the CPE conditions, resulting in a higher extraction
efficiency. The signal decrease at phenol concentrations
higher than 0.026 mol L'is probably due to a competition
between phenol and indophenol molecules interacting with
surfactant micelles.

Effect of time on dye formation as well as on the CPE
procedure, was investigated. The results showed that the
reaction was completed in 15 min at 37 °C.> A 10 min
centrifugation at 3800 rpm was found to be enough for
successful CPE of produced dye.

Because the surfactant-rich phase was viscous, ethanol
was added to the surfactant-rich phase after CPE to facilitate
its transfer into spectrophotometric cell. The extracted
phase was diluted to 0.5 mL with ethanol.

Analytical characteristics

Table 1 summarizes the analytical characteristics
of the optimized method, including equation for the
calibration curve, linear dynamic range, limit of detection,
reproducibility, preconcentration and enrichment factors.
The limit of detection, defined as C, =3 S /m (where C,
S,, and m are the limit of detection, standard deviation of
the blank, and slope of the calibration curve, respectively),
was1.00 ng mL-'. Because the amount of ammonia in 10 mL
of sample solution is measured after preconcentration by
CPE in a final volume of 0.5 mL the solution is concentrated
by a factor of 20. The enrichment factor, defined as the ratio
of the slope of the calibration curve for the CPE method to
that of the calibration curve without preconcentration, was
28. The relative standard deviation (RSD) for five replicate
measurements of 25 ng mL!' ammonia was 2.78%.

Table 1. Analytical features of the proposed method

Equation for the calibration curve AA =0.0126C,,, + 0.0565,
(n=10) R =0.9981

2.00-125
1.00 (3o blank) (n=5)

Linear dynamic range/ (ng mL™")
Limit of detection/ (ng mL")
Repeatability (RSD, %) (n=5) 2.78 (for 25 ng mL!' ammonia)
Maximum preconcentration factor 20

Enrichment factor 28

J. Braz. Chem. Soc.

Effect of foreign ions

To study the common ion effect or selectivity of the
proposed method, the effect of various species (anions,
cations and neutral species) on the determination of 50 ng
mL"! ammonia was tested under the optimum conditions.
The tolerance limit was defined as the concentration of
added species caused less than + 5% relative error on the
determination of ammonia. It was found that most of the
investigated species did not interfere even when present 1000-
fold excess over ammonia (Table2). The interfering effect
of Hg?* up to 15 fold excess over ammonia was completely
removed in the presence of 2.5 x 10 mol L'' EDTA.

Table 2. Tolerance ratio of diverse ions on the determination of
50 ng mL"' ammonia

Species Tolerance ratio/ (m_ /m_ )
Nar, K*, Mg*, Ca*, Se*, SO, CI, 1000
NO,’, MoO >, HCO,, CO*

NO; 500
Cd*, Pb** 250
urea 120
hydrazine 100
Ni*, Cu*, S* 50
SCN, Co* 20
glycine 12.5
Hg* 10(15%)

2 After removal as described in the text.

Application

In order to test the reliability of the proposed method, it
was applied to the determination of ammonium in well and
river water samples. Spiking of ammonium to the samples
showed the validity of the method. The results are presented
in Table 3. The amount of ammonium was also determined

Table 3. Determination of ammonium in natural water and wastewater
samples by the proposed method

Ammonium/(ng mL")
Found

Sample
Added Proposed Standard  Recovery/(%)
method method* n=3)
Well water 0.00 ND® ND —
26.47 25.83 — 97.6 +3.0
42.35 42.88 — 101.3+£2.2
River water 0.00 36.70 39.00 —
(Saleh-Abad, 2647 43.73 94023
Hamadan) 4235 60.23 97.47+38

aND, not detected.
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Table 4. Comparison of the performance of the proposed method with those previously reported for the preconcentration spectrophotometric or

spectrofluorimetric determination of ammonia

Method Linear dynamic range/(ng mL™") Detection limit/(ng mL™") Reference(s)
Solid-phase extraction (SPE) 25-500 10 1
SPE/diffuse reflectance spectroscopy 25-250 11 3,11
Capillary electrophoresis/single-drop microextraction 90-1800 27 17

In line concentration 1.0 32
Gas-diffusion, derivatisation and fluorescent detection 0-72 0.126 33

Gas diffusion 0.8 34
Cloud-point extraction 2.00-125 1.00 Proposed method

by a standard method too.*' The result is in good agreement
with that obtained by standard method. The recoveries are
in the range 94-102% and indicate that the proposed method
is useful for the determination of ammonium in the natural
waters and waste water samples.

Comparison of the proposed method with other methods

A comparison of the proposed method with the
previously reported methods for preconcentration and
spectrophotometric determination of ammonia (Table 4)
indicates that the proposed method is faster and simpler
than the existing methods and/or it provides a lower limit
of detection.

Conclusion

The new proposed procedure gives a highly selective,
very sensitive, and low-cost spectrophotometric procedure
for determination of ammonia that can be applied to real
samples. The mixture of surfactants has been used for
preconcentration of ammonia in water, and thus toxic
solvent extraction has been avoided.
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