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1-Naphthylamine (hereafter, NA) is used as a diazo
and azo component in azo dye synthesis; it also serves
as a precursor for the production of aminonaphthalene-
sulfonic acids, 1-naphthol, some herbicides, and pig-
ments [1]. Violations of process flowsheets in the textile
industry or chemical engineering or insufficient sewage
purification lead to environmental pollution with NA.
Another source of NA is the metabolism of agricultural
pesticides, e.g., naphthalam; as a result, NA piles up in
soils, from which it enters either water or air due to soil
erosion by wind. In addition, NA is contained in emis-
sions from vehicles and metallurgical facilities. The
current provisional safe levels for NA are 0.003 mg/m

 

3

 

in the atmosphere of residential areas and 0.002 mg/L
in potable water [2].

Spectrophotometric [3] and chromatographic [4–6]
methods are most frequently used for NA determina-
tion. Trace analysis of NA in environmental objects is
possible only after NA preconcentrating. To improve
the selectivity and efficiency of preconcentration, aro-
matic compounds are frequently converted to more
hydrophobic derivatives, in particular, azo compounds
[7]. This approach with the use of polyurethane foams

(PUF) was employed to the sorption/photometric deter-
mination of phenols [8] and 1-naphthol [9] in the form
of azo derivatives.

This work is intended to study the sorption of NA as
4-nitrobenzeneazonaphthylamine with the use of PUF
and to develop a technique for the sorption/photometric
determination of NA.

EXPERIMENTAL

 

Solutions and reagents.

 

 Analytical grade 1-naph-
thylamine was used. The stock solution (1 mg/mL) was
prepared from an exact NA weight dissolved in 0.1 M
HCl. Solutions with lower concentrations (10 

 

µ

 

g/mL)
were prepared from the stock solution by diluting it
with distilled water immediately before measurement.
4-Nitrophenyldiazonium tetrafluoroborate (NPD) was
synthesized and purified as in work [8]. An aqueous
solution of NPD (2.5 

 

×

 

 10

 

–3

 

 mol/L) was prepared from
an exact weight immediately before use. Acetone
(chemically pure grade) and hydrochloric acid (high
purity grade) were used.

 

Scheme 1.

 

The sorbent used was PUF based on ethylene
oxide and propylene (type 5–30, from Radical).
Polyurethane foam pellets (16 mm in diameter,
0.025(5) g in weight) were punched out of a com-
mercial polymer sheet 5 mm thick with a metallic

punch. The pellets were shaken with acetone twice
for 10 min on an electromechanical vibromixer in
order to free them from impurities; then, they were
dried to an air-dry state. The pellets were stored
away from light.

NH2 + [O2N N N]+BF4
– O2N N N NH2 + BF4 + H+–
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Abstract
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Procedure.

 

 Sorption experiments were carried out
in a batch mode. A test solution (25 mL) was poured to
a vessel with a ground stopper; then, a PUF pellet was
pressed with a glass rod to remove air bubbles, and the
vessel was shaken on an electromechanical vibromixer
until sorption equilibrium was acquired. The pellet was
removed and squeezed between two paper filters. Then,
the diffuse reflectance was measured. The NA concen-
tration in the aqueous phase after sorption was deter-
mined spectrophotometrically.

Diffuse reflectance spectra and diffuse reflectance
were measured on a Spectroton colorimeter using fluo-
roplastic cells. Absorption spectra and optical densities
of solutions were measured on an SF 103 spectropho-
tometer (Akvilon) and a KFK 2 photoelectrocolorime-
ter. Solution pH was measured on an Expert 001 ion-
ometer.

RESULTS AND DISCUSSION

 

Spectral characteristics of 4-nitrobenzenea-
zonaphthylamine.

 

 4-Nitrobenzeneazonaphthylamine,
red-lilac in color, was prepared by the azo coupling of
NA with 4-nitrophenyldiazonium tetrafluoroborate
(scheme). Preliminary experiments intended to study
the formation conditions for 4-nitrobenzeneazonaphth-
ylamine showed that the product yield is affected by the
pH of azo coupling and the 4-nitrophenyldiazonium tet-

rafluoroborate concentration. 1-Naphthylamine enters
azo coupling in acid solutions; at higher pHs, the reac-
tion produces a low-soluble compound.

Figure 1a displays absorption spectra for
4-nitrobenzeneazonaphthylamine. With increasing NA
concentration to 1.0 

 

µ

 

g/mL, the optical density
increases, which signifies an increase in the amount of
the azo product. The position of the absorption peak in
the spectrum remains unchanged, lying at 520 nm.
Figure 1b displays diffuse reflectance spectra for
4-nitrobenzeneazonaphthylamine sorbed on PUF. The
sorption of 4-nitrobenzeneazonaphthylamine induces a
small bathochromic shift of the diffuse reflectance peak
relative to the absorption spectra: in the diffuse reflec-
tance spectra, 

 

λ

 

max

 

 = 530 nm.

 

Choice of optimal parameters of 4-nitrobenze-
neazonaphthylamine sorption.

 

 The effect of the
phase contact time on the extraction of 4-nitrobenzene-
azonaphthylamine was studied (Fig. 2a). One can see
from Fig. 2a that sorption equilibrium is acquired after
60 min (ensuring 95% extraction). In all subsequent
experiments, the phase contact time was 60 min.

The effect of 4-nitrophenyldoazonium tetrafluorob-
orate concentration on the sorption of 4-nitrobenzenea-
zonaphthylamine was studied. One can see from
Fig. 2b that the sorption increases with increasing
4-nitrophenyldiazonium tetrafluoroborate concentration
to 1 

 

×

 

 10

 

–4

 

 mol/L; then, it does not respond to increasing
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Fig. 1.

 

 Panel (a): absorption spectra of 4-nitrobenzeneazonaphthylamine. Panel (b) : diffuse reflectance spectra of 4-nitrobenzene-
azonaphthylamine sorbed on PUF 5-30. 

 

c

 

HCl

 

 = 5 

 

×

 

 10

 

–3

 

 mol/L, 

 

c

 

NPD

 

 = 1 

 

×

 

 10

 

–4

 

 mol/L, 

 

l

 

 = 2 cm (a), 

 

t

 

 = 60 min (b), and

 

c

 

NA

 

 (

 

µ

 

g/mL) = (

 

1

 

) 0, (

 

2

 

) 0.25, (

 

3

 

) 0.5, and (

 

4

 

) 1.0.
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reagent concentration. In all subsequent experiments, the
reagent concentration was 1 

 

×

 

 10

 

–4

 

 mol/L.
The effect of the solution acidity in the range from

2 M HCl to pH 4 on the sorption of 4-nitrobenzenea-
zonaphthylamine was studied. The extraction increases
with rising pH (Fig. 2c). In the range of pH 2.0–2.5, a
plateau appears on the curve. In all subsequent experi-
ments, the HCl concentration was 5 

 

×

 

 10

 

–3

 

 mol/L
(pH 2.3).

The Kubelka–Munk function is linearly related to
the NA concentration in the aqueous solution, which
indicates the feasibility of using diffuse reflectance
spectroscopy for NA determinations.

 

1-Naphtylamine determination.

 

 Calibration
curves were plotted as follows. 1-Naphthylamine sam-
ples (0–40 

 

µ

 

g) were transferred to vessels with ground
stoppers; then, 0.05 M HCl (2.5 mL), 4-nitrophenyldia-
zonium tetrafluoroborate (1 mL), and water (to bring
the volume to 25 mL) were consecutively added. Poly-
urethane foam 5–30 pellets (

 

m

 

 

 

≈

 

 0.025 g) were placed
into the solutions, pressed with a glass rod to remove air
bubbles, and shaken for 60 min on a mechanical vibro-
mixer. Then, the pellets were removed and squeezed
between two paper filters. Diffuse reflectance 

 

R

 

 was
measured at 530 nm on a Spectroton colorimeter. The
calibration curve was plotted in the 

 

F

 

–

 

c

 

 coordinates,
where 

 

c

 

 is the NA concentration in the solution, 

 

µ

 

g/mL;
and 

 

F

 

 = (1 – 

 

R

 

)

 

2

 

/2

 

R

 

 is the Kubelka–Munk function.

Some characteristics of our developed technique are
displayed in Table 1. The detection limit decreases with
increasing analyte solution volume. When the solution
volume changes from 25 to 250 mL, the detection limit
decreases from 2 to 0.7 ng/mL.

We studied the determination selectivity. 1000-Fold
amounts of phenol, 20-fold amounts of resorcinol or
2-naphthol, and 10-fold amounts of aniline or 1-naph-
thol (which form colored azo derivatives in alkaline
solutions) do not interfere with the determination of
0.25 

 

µ

 

g/mL NA. The following inorganic ions also do
not interfere with the determination: hydrocarbonate
ions in 1000-fold amounts; sulfate ions in 500-fold
amounts; chloride, calcium, magnesium, potassium,
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Fig. 2.

 

 Extraction of 4-nitrobenzeneazonaphthylamine on PUF 5–30 vs. (a) phase contact time, (b) 4-nitrophenyldiazonium tetraflu-
oroborate concentration, and (c) aqueous pH. 

 

c

 

NA

 

 = 1.0 

 

µ

 

g/mL (a–c), 

 

c

 

HCl

 

 = 5 

 

×

 

 10

 

–3

 

 mol/L (a, b), 

 

c

 

NPD

 

 = 1 

 

×

 

 10

 

–4

 

 mol/L (a, c),

 

t

 

 = 60 min (b, c), 

 

V

 

 = 25 mL, and 

 

m

 

PUF

 

 ~ 0.025 g.

 

Table 1.

 

  Metrological characteristics of the NA determina-
tion technique

Analyte
sample
volume,

mL

Equation of
the calibration 

curve

Concentration 
range of

determination,

 

µ

 

g/mL

 

c

 

min

 

,

 

µ

 

g/mL

25

 

∆

 

F

 

 = 17.4

 

c

 

0.007–0.750 0.0024

50

 

∆

 

F

 

 = 30.9

 

c

 

0.004–0.400 0.0014

100

 

∆

 

F

 

 = 47.5

 

c

 

0.003–0.300 0.0009

250

 

∆

 

F

 

 = 56.3

 

c

 

0.002–0.25 0.0007

 

Table 2.

 

  Added/found verification of NA determination
(

 

n

 

 = 3, 

 

P

 

 = 0.95)

Analyte Added,

 

µ

 

g/mL
Found,

 

µ

 

g/mL

 

s

 

r

 

Distilled water 0.25 0.25 

 

±

 

 0.02 0.03

Tap water 0.25 0.22 

 

±

 

 0.04 0.07

River water
(from River Volga)

0.25 0.26 

 

±

 

 0.03 0.05

(a) (b) (c)
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and sodium ions in 200-fold amounts; copper ions in
100-fold amounts; and zinc and iron(III) ions in 10-fold
amounts.

The validity and reproducibility of the results were
verified using the added/found technique in the analysis
of distilled, tap, and river (R. Volga) water. The results
of verification are displayed in Table 2.

Comparing the characteristics of the sorption/photo-
metric technique developed for NA determination with
the characteristics of photometric determination (which
is based on the formation of an analogous azo deriva-
tive [3]), we found that the detection limit of the new
technique is five times that of the state-of-the-art tech-
nique with at least equal selectivity. Moreover, the new
technique is simple and has a relative low cost, and the
sorbent used is available.

REFERENCES

 

1. Donaldson, N., 

 

The Chemistry and Technology of Naph-
thalene Compounds

 

, London: Edward Arnold, 1958

(Transaled under the title 

 

Khimiya i tekhnologiya
soedinenii naftalinovogo ryada

 

, Moscow, 1963).
2.

 

Kontrol’ khimicheskikh i biologicheskikh parametrov
okruzhayushchei sredy (Control of the Chemical and
Biological Parameters of the Environment), Isaev, L.K.,
Ed., St. Petersburg, 1998.

3. Younis, T.L. and Bashir, W.A., Talanta, 1995, vol. 42,
p. 1121.

4. Ghassempour, A., Arshadi, M.R., and Asghari, F.S., Fr.
J. Anal. Chem., 2001, vol. 369, p. 171.

5. Zhu, Y., Wang, M., Du, H., Wang, F., Shifen, M., and
Haddad, P.R., J. Chromatogr. A, 2002, vol. 956, p. 215.

6. Hu, K. and Morris, M.E., J. Chromatogr. A, 2003,
vol. 788, p. 17.

7. Yurchenko, V.V., Zul’figarov, O.S., Mel’nik, D.N., and
Pilipenko, A.T., Khim. Tekhnol. Vody, 1990, vol. 12,
p. 457.

8. Dmitrienko, S.G., Myshak, E.N., Runov, V.K., and Zolo-
tov, Yu.A., Chem. Anal. (Warsaw), 1995, vol. 40, p. 291.

9. Dmitrienko, S.G., Myshak, E.N., Zhigulev, A.V.,
Runov, V.K., and Zolotov, Yu.A., Anal. Lett., 1997,
vol. 30, p. 2527.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


