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Determination of Fe (III) with 1-nitroso-2-naphthol in
Micellar Medium by Derivative Spectrophotometry
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Summary: A spectrophotometeric and first derivative spectrophotometeric determination of
wron(lll) is carried out with 1-nitroso-2-naphthol as complexing reagent in aqueous phase using
non-ionic surfactant Tween 40. The iron is determined in the range 1,7-120 ng mL" with
detection limit (26) of 1.7 ng mL" The molar absorptivity and Sandell's sensitivity are | 69 x
{10* mol" cm™) and 7.9 ngem™? at 446 nm. The optimum pH of the complex is 1. The critical
micelle concentration (ecmc) of Tween 40 is 5 %. Absorption studics in the first derivative
mode is carried out to determine the absorption maximum of the complex for higher sensitivity
and to overcome interference due to the presence of certain metal ions. The present method is
compared with that of AAS and no significant difference is noted between the two methods at
95 % confidence level The method has been applied for the determination of Fe(Ill) in

industrial waste water and stee] samples

Introduction

Iron is the most important element of the
human body, as it plays pivotal role in the erythro-
poiesis and also in oxygen transport through haem.
Deficiency of iron is associated with myocardial
infarction and anemia. The excess intake can cause
siderosis and damage to organs (hemochromatosis)
[1]. In chemical analysis, metal chelation followed by
solvent extraction and spectrophotometric detec-tion
is the preferred mode of analysis for a number of
metal ions [2-3] due to rapidity, simplicity and wide
applications. Several spectrophotometric methods
have been developed in which the solvent extraction
step is conveniently replaced by the use of a surface-
tant [4-5]. Due to the solubility of several compounds
in micelles (aggregates of surfactants), many analyti-
cal techniques for the determination of metal ions in
aqueous system, have been developed and modified
[6-15]. Micellar media is mainly used to enhance the
absorption sensitivities, thus simplifying the system
by replacing the toxic organic solvents. Determina-
tion of iron and ruthenium as ternary complexes by
extractive second derivative spectrophotometry has
been reported [16). Derivative spectrophotometric
determination of copper(I) in non-ionic micellar
medium has been reported [17). Tween series
surfactants are very soluble in aqueous systems than
other non-ionic surfactants. -nitroso-2-naphthol
forms coloured water-insoluble complexes with a
large number of metal ions and the use of surface
active reagent increase the solubility of I-nitroso-2-
naphthol has been reported [18]. Derivative mode
spectrophotometry is recently shown to be more

useful than classical spectrophotometry for solving
several analytical problem [19]. The use of derivative
mode spectrophotometry offers a useful means of
enhancing the sensitivity and selectivity of the
method besides convenient solution to well defined
analytical problems such as resolution of multi
component systems, overcoming interference due to
sample turbidity, matrix back ground and enhance-
ment of spectral details [20-21]. The scale of this
increase depends on the shape of the normal
absorption spectra of the analyte and the interfering
substances, as well as on instrumental parameters and
the measurement technique (e.g. peak -to-trough or
zero-crossing), chosen by the analyst in a given
analytical procedure.

In the present work, determination of Fe (I11)
as l-nitroso-2-naphthol complex, in a non-ionic
surfactant Tween 40 using first derivative mode
spectrophotometric method is reported. The method
was successfully applied for the determination of Fe
(IIT) in industrial waste and steel samples.

Results and Discussion

Fig. | shows absorption spectra in first
derivative mode spectroscopy of Fe (I11)-1-nitroso-2-
naphthol complex at 430 nm (i.e. a shift from 446
nm). It can be seen in the Fig. | the height of the peak
at (PH) 430 nm and the depth of the trough (TD) at
400 nm were linearly related to the metal ion
concentration. It can be seen by comparing Fig. | that
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Fig. 1: First derivative spectra of (a) 1-nitroso-2-

naphthol (b) iron (III)-1-nitroso-2-naphthol
complex in 5% Tween 40 at pH 1.

the first derivative spectra are more resolved than
those obtained for the normal mode. It can be seen
that the first derivative spectra are more resolved than
those obtained for the normal mode. However, even
higher derivative orders yield sensitive but irreprodu-
cible signal, so this possibility was discarded. As
derivative spectroscopy provides additional possibili-
ties because it enhances the detectability of minor
spectral features, this technique was adapted. The
first order derivative spectrum is of great significance
as it exhibits the A, of the complex which is other
wise difficult to ascertain due to several absorbing
species and only a shoulder appears in the normal
absorption spectrum due to the desired component.
Weak and broad peaks give higher sharpest peak;
other close peaks were changed from normal mode
wavelength to new ones length showing no close ness
to other neighbour peaks. The micelle of non-ionic
surfactant with polyoxyethylene group comprises two
parts. One is the hydrocarbon tail directed to the
interior core of micelle and the other is the hydrated
polyoxyethylene group located at outer sphere.
Organic compounds and metal chelates having large
affinity towards polyoxyethylene group may be
incorporated. 1-nitroso-2-naphthol could be dissolved
by this phenomenon, because this species has a
hydroxyl group, which interacts with the ether
oxygen of polyoxyethylene group, by hydrogen bon-
ding. It seems that micelle in solution was formed
because 5 % Tween 40 solution was above (0.0013
%, w/v) concentration [22].
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Composition of the complex formed under
experimental conditions was investigated by job's
method of continuous variations. Composition of the
complex formed under experimental conditions was
investigated by Job's method of continuous
variations. From Fig. 2 it can be inferred that metal:
ligand ratio is 1:3.
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Fig. 2: Job's plot of metal: ligand ratio.
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Fig.3: Effect of amounts of 1-nitroso-2-naphthol
on the absorbance of Fe (II1).

Fig. 3 indicates the effect of mole ratio of 1-
nitroso-2-naphthol for Fe (1II) in the complex forma-
tion and is observed that different metals have
different mole ratios. For iron it is 50 to 70 m. moles
of the reagent. There fore, 50 m. mole of the reagent
require Im.mole of the metal ion. Fig. 4 shows the
optimum pH 1.0 for Fe (III) I-nitroso-2-naphthol
complex formation. Fig. 5 shows the calibration
graph of Fe (II1)-1-nitroso-2-naphthol complex in the
range of 1.7-120 ng mL™' at 430 nm in first derivative
mode spectrophotometery. The detection limit is
lowered significantly from 3.3 to 1.7 ng mL"". All
other experimental conditions are same as in normal
mode spectroscopy. Molar absorptivity is 1,69 x (10"
mol'cm™), Sandell's sensitivity (7.9 ngem™). Beer's
law linear range in normal mode is 0.5-4.0 ug mL™".

Comparison of detection limit of the present
method with other sensitive methods is given in
Table-1.

Study of interference’s by foreign ions

In the Fe (1II) determination with |-nitroso-2-
naphthol in presence of 5 % Tween 40 were studied
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Table-1: Comparison of sensitivities of various methods
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Present method  Fluorimetric  Spectroscopic method AAS method [26] Electrothermal FAAS method  (ICP-AES) method
method [25] atomization-AAS  [28] [29-31]
[Ref. 24] method [27]
1.7ngmL"’ 7ngmL" 100-800 ng mL" 2 ngmL” 220 ng mL”T 4ngmLT 0.2 ng mL"
0.1-80 pg mL"!
AAS  Atomic absorption spectroscopy
FAAS Flame atomic absorption spectroscopy
ICP  Inductive couple plasma
AES Atomic emission spectroscopy
L Table-2: Tolerance limits for interference's of metal
o ions and salts with [-nitroso-2-naphthol in Tween 40
3] in normal mode spectroscopy Tolerance limits pg
01 mL"!
W f\\__,___. Ton / salt Fe(ll)
o KSCN 1000
X G NaF 600
Ill!‘smt‘rlllnlln Na,C:04 50
KCIO, 1000
Fig.4: Effect of pH on the absorbance of metal-1- :“3:{:::“‘ :8.‘?0
nitroso-2-naphthol complex. KE’N 30
Mg(I) 800
Al(1I) 100
cd(n) 2
Co (1) 100
Cr (1IN 50
Cr (VD) 8
Fe (IlI) -
Mn(IT) 500
Comt.of Felll) ng mL* Ni(Iny 50
Pb (II) 3
Fig:s: Calibration graph of Fe (Il-l-nitroso-2- 2D 100
naphthol complex in 5% Tween 40 at pH | Z195% n=6

at (Apex 430 nm and 400 nm) in first
derivative mode spectroscopy.

results are shown in the Table-2, these interference's
be avoided in general by the addition of
complexing agent like EDTA which forms stable
complexes with many metal ions so that in this
medium Fe (IIT) reaction with 1-nitroso-2-naphthol is
highly selective with at pH 1. Cd (II), Ni (1I), Cu (II),
Co (II) and Pb (II) interfere at low trace level as
given in Table-2. The interference due to absorption
by Cu (II), Co (II) and Ni (II)-1-nitroso-2-naphthol
com-plex in normal mode spectroscopy is thus
removed by the use of first derivative mode

spectroscopy.
Validation of method

Proposed method was verified by % recovery
test by standard addition method, results were
compared with AAS, which are in good agreement
with (AAS) given in Table-3.

The conc. of metal ions is 2pg mL"

Table-3: Percent recovery of known amount added to

tap water.
Metal Amount added Amount found Recovery (%)
ions
Fe(ill) 1.70 ngmL" 1.69 ng mL" 99+ |
0.50 (ugmL") 049 (ugmL') 991
A1 95%, n=6
Application

The proposed spectrophotometric method was
applied to the determination of Fe (III) in industrial
waste water samples. Results are shown in Table-4.

Experimental

A UV/NVis spectrophotometer Perkin Elmer
model Lambda 2 was used for recording normal as
well as derivative spectra. Atomic absorption spectro-
photometer, model Spectra AA. 20 Varian was used
for metal ion determination. The Pye Model 292 pH
meter was used.
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Table-4: Determination of Fe (III) ions in industrial
waste and steel samples

Sample Amount of Fe (II) determined (ug mL™)
*Industrial Present method AAS method CV.%
waste

0.45 0.47 2:57
Steel sampie 096 g 095¢ 2.0

AL 95%, n=6, *kotri SITE area

Reagenis

All chemicals used were analytical grade
reagents (Merck and Fluka A.G) unless otherwise
stated. Standard Fe (III) stock solution of (100 pg
mL™") was prepared dissolving their nitrate salt. Other
metal ions solutions were prepared from their nitrate
or chloride salts. 5% Tween 40 solution was prepared
by dissolving that in a 100 mL volumetric flask, and
was diluting to the mark with double distilled water.
Buffer solution of pH 1 was prepared by taking 0.2 M
potassium chloride (25 mL) and 0.2M hydrochloric
acid (67 mL) mixtures and adjusting the volume to
100 mL according to Perrin and Dempsey [23].

Procedure

Absorption spectra (normal and derivative) of
the following solutions were recorded, taking reagent
blank as reference, in order to determine photometric
characteristics of the 1-nitroso-2-naphthol-Fe (III)
complex.

Two sets of solutions, one containing fixed
metal ion and other without it, and each containing
fixed amount of the reagent (185 pg mL) and
Tween 40 (5 %) in the pH range 0.5 -9.0 were
prepared to determine the optimum pH range of the
complexation reaction.

To study the impact of varying surfactant
concentration on the absorbance of the 1-nitroso-2-
naphthol-Fe (IIT) complex, a set of solutions contain-
ing increasing amounts of Tween 40 (2 %-10 %),
fixed Fe (III) ions and 185ug mL™' I-nitroso-2-
naphthol, at the pH of the maximum complex forma-
tion, was prepared.

Effect of varying ligand concentration on the
absorbance of the system was investigated by prepa-
ring a set of solutions containing 50 x 107 to 70 x
10” M of the reagent at the optimum pH.

Linear range was set by varying amount of the
metal ions in the first derivative mode (1.0-120 ng
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mL” and in the normal mode was 0.06 to 5.0 pg
mL™), 185 pug mL™" 1-nitroso-2-naphthol, and 5 %
Tween 40 at pH 1 condition of maximum complex
formation.
Spectrophotometric metal ion determination in
micellar solution

Appropriate volumes of stock solutions of
metal ions, |-nitroso-2-naphthol, and surfactant
Tween 40 were added and made up to 25 mL volume
with distilled water having metal ions concentration
of 1.0-120 ng mL™" and 0.06-5.0 pg mL™', 1-nitroso-2-
naphthol 185 pg mL™' and 5% Tween 40. Absorption
spectra were recorded against reagent as reference to
generate analytical calibration curves in normal mode
(Aax 446 nm) or in first derivative mode (peak height
at 430 nm) or (trough depth (TD) at 400 nm). Iron
content of the standard and the sample was determi-
ned using AAS. The pH and wavelength used are
listed in Table-5.

Table-5: Analytical characteristics of Fe (III)-1-
nitroso-2-naphthol in presence of Tween 40 in
normal mode spectroscopy

Characteristics Fe(III)
Beer’s law range 0.5-4.0
(pg mL")
Absorption maxima 446
(Amax, nM): (a) micellar
(b) CCly 446
Molar absorptivity (10 mol'em™) 1.69
Sandell’s sensitivity ngem™ 7.9
Detection limit ( ng mL™") 33
pH range 1

Conc. of Tween 40 5%
Conc. of 1-nitroso-2 naphthol (ug mL™) 185

RSD % 11.23

At 95% cofidence limit, n=6

The determination of Fe (IIl) in industrial waste and
steel samples.

(a) Industrial waste

Industrial waste water sample, 11 obtained
from industrial effluent collected from Kotri site area
was filtered using Whatman filter paper. Concentra-
ted nitric acid 4 mL and 30 % hydrogen peroxide 2
mL were added to the filterate. The resulting solution
was preconcentrated in an oven at 110 °C to a final
volume of 25 mL. Appropriate amounts of Tween 40
and 1-nitroso-2-naphthol was added to a 25 mL
calibrated flask to obtain final concentration of 5 %
in Tween 40 and 185 pg mL’ in I-nitroso-2-
naphthol. Then 5 mL of the sample was added and
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the absor-bance was measured against reagent blank,
The same sample, 5 mL was diluted to 25 mL with
double distilled water for AAS analysis.

(b) The steel sample

The steel sample was washed with acetone
and distilled water and was dried. The steel sample
weighing i.0053 and 0.5008 g were taken to 250 mL
beakers. The 50 mL of 6 M HCl and 15 mL of 6 M
HNO.: were added, and the mixture was heated
mildly. This steel solution was completely transferred
to a 1000-mL volumetric flask, and was filled to
mark. Two milliliters of this diluted solution was
trans-ferred to another 1000-mL volumetric flask,
Then, 5 mL of this diluted steel soluton was taken to
five 10-mL volumetric flasks, and 0.0, 0.5, 1.0, 1.5,
and 2.0 mL of 20 pg mL"' standard Fe (I11) soluton
was added to each flask, respectively. And, the other
procedures follow brass sample procedure.

Conclusions

Determination of trace amount of Fe (II1) up
to 1.7 ng mL" can be carried out directly using 1-
nitroso-2-naphthol, in non-ionic micellar media of 5
% Tween 40 in aqueous solutions. The method is
simple and rapid with greater sensitivity, better
selectivity, and improved precision and replaces
extraction with toxic organic solvents. Fe (III)
content samples determined by the present method is
in agreement with the values obtained by atomic
absorption spectroscopy.
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