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Abstract A new, simple, sensitive, and reliable method
is presented for the rapid spectrophotometric determina-
tion of trace amounts of iron(Ill) using leuco Xylene
cyanol FF. The method is based on the oxidation of leuco
Xylene cyanol FF (LXCFF) to its blue form of xylene cyanol
FF by iron(Ill) in sulfuric acid medium (pH 2.0-3.0), the
absorbance of the formed dye is measured in an acetate
buffer medium (pH2.8—4.4) at 615 nm. The method obeys
Beer’s law over a concentration range of 0.15-0.9 pg mL-!
iron, having a molar absorptivity of 5.6x10* L mol-! cm!
and a Sandell’s sensitivity of 0.0001 pg cm2. The opti-
mum reaction conditions and other analytical parameters
have been evaluated. The developed method has been
successfully applied to the determination of iron in water,
soil, industrial effluent, plant material, pharmaceutical
preparations, synthetic mixtures, and aluminum alloys.

Keywords Spectrophotometry - Iron(III) determination -
Leuco Xylene cyanol FF

Introduction

Iron which is one of the cornerstones of progress in any
society, is also an essential nutrient required by all organ-
isms. It is present in human body in amounts greater than
that of any trace element; its concentration and physiolog-
ical impacts depending on the state of health, nutrition,
age and sex. Iron is widely distributed in foods of plant
and animal tissues [1]. The determination of trace ele-
ments, particularly heavy metals such as iron, has re-
ceived increasing attention in pollution studies. In filtered
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samples of oxygenated surface waters iron concentrations
seldom reach 1 mg L. Some ground waters and acid sur-
face drainage may contain considerably more iron. Iron in
water can cause staining of laundry and porcelain. A bitter-
sweet astringent taste is detectable by some persons at lev-
els above 1mg L' [2].Thus, the determination of trace
amounts of iron is important. Flame, and graphite-furnace
atomic absorption spectrometry [3, 4, 5, 6, 7] are the most
commonly used techniques for iron determination. But
these methods are disadvantageous in terms of cost and in-
struments used in routine analysis. AAS is often lacking in
sensitivity and affected by matrix conditions of samples
such as salinity. Extractive methods [8, 9, 10, 11] are highly
sensitive but are generally lacking in simplicity. Spec-
trophotometry is essentially a trace analytical technique and
is one of the most powerful tools in chemical analysis.
A wide variety of reagents have been proposed for the spec-
trophotometric determination of iron(IIl) [12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22], among them, 1,10—phenanthro-
line is considered as most selective and sensitive reagent for
the iron determination [2]. But this method suffers from in-
terference of foreign ions, stability, simplicity and range of
determination. The determination of trace amounts of iron
is important in studies of biological processes and for in-
dustrial purposes; development of a simple, rapid and sensi-
tive spectrophotometric method is highly desirable.

The aim of this study is to develop a simple, cost-effec-
tive, reliable, and sensitive spectrophotometric method for
the determination of trace amounts of iron using leuco Xy-
lene cyanol FF as a new reagent. The developed method has
been successfully applied to the determination of iron in
water, soil, industrial effluents, plant materials, pharmaceu-
tical preparations, synthetic mixtures, and aluminum alloys.

Experimental
Apparatus

Jasco (Model UVIDEC-610) spectrophotometer with 1 cm matched
glass cells was used for all absorbance measurements. The pH
measurements were made with an Elico (Model IL-610) digital pH
meter.



Reagents

All chemicals used were of analytical reagent grade, and distilled
water was used throughout the study.

Standard Fe(Ill) solution (I mg mL™")

Prepared by dissolving 0.8635 g ferric alum, FeNH,(SO,), .12 H,O0,
in water containing 0.5 mL conc. H,SO, and diluting to volume
with water in a 100 mL volumetric flask. A working standard so-
lution was prepared by an appropriate dilution of the standard so-
lution as and when required.

Leuco Xylene cyanol FF (LXCFF, 0.1%)

Prepared by dissolving 100 mg of Xylene cyanol FF (BDH, Poole,
England) in 25 mL of water containing 30 mg zinc dust and 2 mL
of 1 mol L! acetic acid, stirred well and kept aside for 20 min, then
the resulting solution was diluted with 100 mL water (filter if nec-
essary). This reagent was stable for 60 days.

Sulfuric acid. 0.005 mol L-1.

Acetate buffer (pH 4)

Prepared by dissolving 13.6 g of sodium acetate trihydrate in 80 mL
water. Solution pH was adjusted to 4.0 with acetic acid, and the
mixture was diluted to 100 mL with water.

Procedure
General procedure for the determination of iron(I1l)

An aliquot of a sample solution containing 1.5 to 9 pg of iron(III)
was transferred into a series of 10 mL calibrated flasks. Then,
0.5 mL each of the 0.005 mol L! H,SO, and 0.1% LXCFF were
added to it, and the mixture was kept in a water bath (90 °C) for
10 min; cooled to room temperature (2712 °C), and the contents
were diluted up to the mark with acetate buffer of pH 4 and mixed
well. The absorbance of the formed dye was then measured at
615nm against the reagent blank prepared in the same manner
without iron(I1I).

Fig.1 Absorption spectra

of colored species [Fe(IIl),

0.5 ug mL-1] vs. reagent blank
(a), and reagent blank vs. dis-
tilled water (b)
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Results and discussion

Iron(IlI) quantitatively oxidized leuco Xylene cyanol FF
into its blue-colored Xylene cyanol FF dye in sulfuric acid
medium (pH 1.6-2.8) in a boiling water bath (~90 °C for
10 min), the resulting colored dye having a maximum ab-
sorption at 615 nm in an acetate buffer medium (pH 2.8—
4.4). The reagent blank had negligible absorbance at this
wavelength. The absorption spectrum of the colored dye
formed is depicted in Fig. 1.

Effects of the acidity and temperature

The oxidation of LXCFF by iron(IIl) was studied in dif-
ferent acid media. Of the various acids (sulfuric, hydro-
chloric and phosphoric) studied, sulfuric acid was found to
be the best acid for the system. Constant absorbance readings
were obtained in the range of 0.1-1.0 mL 0.005 mol L-!
sulfuric acid (or pH 1.6-2.8). At lower or higher acidity,
the absorbance values gradually decreased. Hence, a vol-
ume of 0.5 mL of 0.005mol L sulfuric acid (or main-
tained pH 2) in a total volume of 10 mL, was used in all
subsequent work. At room temperature (2712 °C), the ox-
idation reaction is very slow; when the temperature was
raised to 90 °C, the reaction was fast, and the absorbance
of the dye was maximum and constant. To achieve this,
the contents were placed in a water bath, maintained at
90 °C for 10 min before dilution to 10 mL.

Effects of the reagent concentration and buffer media
Under optimum conditions, the reagent concentration of

LXCFF leading to maximum color stability was found to
be 0.5 mL of 0.1% reagent in a total reaction mixture vol-

440

400 420

Wavelength( nm)
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Table1 Effect of interfering

ions on the determination of Interferents

Tolerance limit

iron(IIT) (0.5 pg mL-1) (ug mL™)
Na*, K*, Hg?*, Br, Zn*, SO, CH;COO -, Ca?*, NOy, Mn2*, Mg2*, Cl - >4000
Pb%*, NOy, A+, Cr3*, SCN-, NO,", Cu?*, Co**, SbO,2-, M00O,>, Ni%*, Se** >800
Fe?*, Cr,0, 7, VOy, 105, F-, oxalate, tartrate, citrate, AsO,", WO,2-, Ce** >2

ume of 10 mL. Constant and maximum absorbance values
were obtained in the pH range of 2.8—4.4. An increase of
pH above 4.4 markedly affected the stability and sensitiv-
ity of the dye. Color development does not take place be-
low pH 2.8. Hence, this pH value was maintained by us-
ing acetate buffer of pH4, and the same buffer solution
was used as a diluting solvent for the best results. The col-
ored dye formed is stable for more than a week.

Effect of interfering ions

The effect of various foreign ions at g mL! levels on the
determination of iron(IIl) was studied. The tolerance lim-
its of interfering species were established at those concen-
trations that do not cause more than £2% error in absor-
bance values of iron(IIT) at 0.5 pg mL-!. Tolerance limits
of foreign ions are listed in Table 1. The oxidizing agents
such as Cr(VI), Ce(IV), V(V), and iodate interfere se-
verely in the determination of Fe(IIl). However, interfer-
ence of these ions could be obviated by use of appropriate
masking agents in analysis of the samples.

Analytical performance
A linear calibration graph was obtained for 1.5 to 9 ug
iron(IIl) in a final volume of 10 mL. The detection limit

(DL = 3.3 6/S) and quantitation limit (QL = 10 o&/S)
[where ‘G’ is the standard deviation of reagent blank (n = 10)

Table2 Determination of iron in various samples

and ‘S’ is the slope of calibration curve] of iron determi-
nation were found to be 0.01 and 0.04 pg mL-!, respec-
tively. The calibration graph has a correlation coefficient
of 0.999. The molar absorptivity, specific absorptivity and
the Sandell’s sensitivity of the method were found to be
5.6 x 10* L mol! em™!, 1.00 mL g-'cm™! and 0.0001 pg cm™2,
respectively. The reliability of the method was established
by analysis of standard solutions of 3, 5 and 7 ug of
iron(IIl) in a final volume of 10 mL. Ten replicate deter-
minations of each concentration gave relative standard de-
viations (RSD) of 0.08, 0.06 and 0.04%, respectively.

Applications

The iron contents of natural water, soil, industrial efflu-
ents, plant material, pharmaceutical samples, synthetic mix-
tures, and aluminium alloys, determined by the proposed
method, are shown in Tables 2, 3, 4, and-5, respectively.

Analysis of environmental water samples

Each filtered (with Whatman No. 40) environmental wa-
ter sample (100 mL) evaporated nearly to dryness with
10 mL of conc. HNO; in a fume cupboard and was heated
with 10 mL of distilled water in order to dissolve the salts.
The solution was then cooled and neutralized with dilute
NH,OH solution. The resulting solution was then filtered
and quantitatively transferred into a 25 mL calibrated flask

Sample Iron added  Proposed method Standard method [2] F-test®  t-test
(g mL)
Iron found® RSD  Recovery Ironfound® RSD  Recovery
(ngmL™) (%) (%) (mgmL™) (%) (%)
Bore-well water - 6.52+0.04 0.6 - 6.51+0.06 0.9 - 2.3 0.3
2.0 8.51+0.03 0.4 99.9 8.49+0.04 0.5 99.8 1.8 0.9
Lake water - 2.71%0.05 1.8 - 2.69+0.04 1.5 - 1.6 0.7
5.0 7.71+0.03 0.4 100.0 7.68+0.03 0.4 99.9 1.0 1.6
Soil (1g) 4.04+0.05 1.2 - 4.03+0.06 1.5 - 1.4 0.3
3.0 7.03+0.03 0.4 99.9 7.01£0.04 0.6 99.7 1.8 0.5
Industrial effluent! 5.01+0.06 1.2 - 5.02+0.07 1.4 - 1.4 0.2
3.0 7.99+0.05 0.6 99.8 8.00+0.06 0.8 99.8 1.4 0.3
Plant material,cabbage (5 g) - 1.46+0.04 2.7 - 1.44+0.05 3.5 - 1.6 0.7
3.0 4.45+0.03 0.7 99.8 4.42+0.04 0.9 99.5 1.8 1.3

aMean = standard deviation (n = 5)
bTabulated F- value for (4,4) degrees of freedom at P (0.95) is 6.39
¢Tabulated t- value for 8 degrees of freedom at P (0.95) is 2.306

dAfter proper dilution, original concentration of Fe(IIl) found
1252.5 pg mL!
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Sample Composition of tablet Certified Iron found® Recovery t-test®
(w/tablet) value of iron (mg/tablet) (%)
(mg/ tablet)
Iron and folic acid tablets® Dried ferrous sulfate IP 200 mg (approximately 60.0 59.8 +0.03 99.7 1.5
[Micro Labs Ltd., India] equivalent to ferrous iron 60 mg) folic acid IP
0.5 mg [0.350 g]
ToFe, chewable iron tablet  Iron(IIl) hydroxide polysucrose complex equi- 100.0 99.9 +0.04 99.9 0.6
[Alkem Laboratories Ltd., valent to elemental iron 100 mg, folic acid IP
India] 1 mg [0.350 g]
Ferium, chewable tablet Iron(II) hydroxide polymaltose complex equi- 100.0 100.02+0.04 100.02 1.1
[Emcure Pharmaceuticals valent to elemental iron 100 mg, folic acid
Ltd., India] IP =350 pg [0.400 g]
Irex-12° [Micro Labs Ltd., Ferrous flumarate IP 350 mg equivalent to 115.0 115.0 £0.06 100.0 0.0
India] elemental iron 115 mg, folic acid 1.5 mg
cyanocobalamin 15 pg (as cyanocobalamin 0.1%
in gelatin [0.450 g]
“Mean + standard deviation (n = 5)
bTabulated t-value for 4 degrees of freedom at P (0.95) is 2.776
¢Analyzed after converting Fe(II) to Fe(IIl)
Table4 Analysis of synthetic . .
- o Sample  Composition of mixture Iron(I1I) Recovery
mixtures containing iron(III) (g mL-1) + SDb
Added Found? (%)
(ugmL1)  (ugmLh)
A Fe(III) 0.40 0.40 100.0£0.0
0.80 0.79 98.8+0.5
B As in A + Ca?*(20) + Cu?*(2.0) + AI3+(0.5) 0.40 0.39 98.0+0.7
0.80 0.81 101.2+0.6
C As in A + Ni?*(6.0) + CrV! (0.5) + NO5(25) 0.40 0.41 102.5+0.7
0.80 0.80 100.0£0.0
D As in A + Mn?*(5) + Ni**(5) 0.40 0.40 100.0£0.0
aAverage of five determina- 0.80 0.81 101.2+£0.5
tions : 2+, 2+ 2+
bThe measure of precision is E As in A + Ca?*(20) + Zn?*(20) + Mg?*(20) 0.40 0.39 98.0+0.4
the SD 0.80 0.80 100.0£0.0
TableS Det inati f i
inaahfminiu?ne;?f:)r;a;;?p?eSlron Sample Certified iron Iron RSD t-test®
(W/V) content (%) found? (%)
‘Mean + standard deviation BCS No. 262/1 (0.1 g/ 100 mL) 0.2 0.199+0.002 1.00 1.12
(n=5) [Mg 10.7%, Cu 0.039%, Ni 0.07%]
bTabulated t-value for 4 de- +
grees of freedom at P (0.95) BCS No. 380 (0.05 g/100 mL) 1.15 1.148+0.005 0.44 0.89

is 2.776

[Si 2.0%, Ni 0.011%, Cu 0.900%]

and made up to the mark with distilled water. An aliquot
(£2 mL) of this pre-concentrated water sample was pipet-
ted out into a 10 mL calibrated flask and the iron(III) con-
tent was determined by the proposed method.

Analysis of soil sample

An air-dried homogenized soil sample (100 g) was weighed
accurately and placed in a 100 mL Kjeldhal flask. The
sample was digested in the presence of an oxidizing
agent, following the method recommended by Jackson
[24]. The content of flask was filtered through Whatman

No.40 filter paper into a 25 mL calibrated flask and neu-
tralized with dilute ammonia. It was then diluted up to the
mark with distilled water. Suitable aliquots (<2 mL) of
this sample was then analyzed for iron(III) content by the
proposed procedure.

Analysis of industrial effluents

The industrial effluents (electroplating) from post-coagu-
lation settling basin were collected, and the volume of the
sample was adjusted for the dynamic linear range by proper
dilution with distilled water. Suitable aliquots (1 mL) of
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sample solution were analyzed according to the procedure
for iron(I1T).

Analysis of plant material

A sample of plant material (5 g) was digested with 10 mL
conc. HNOj; for 20 min. After cooling, 0.5 mL perchloric
acid was added and heating was continued for another
10 min. To the cooled residue, 10 mL water and 5 mL di-
Iute H,O, were added and boiled for 10 min to convert
Fe(II) to Fe(III) [12]. Heating was further continued to ex-
pel remaining H,0,, if any. The solution was cooled, and
neutralized with dilute NH,OH solution and diluted to
50 mL. An aliquot of this solution (2 mL) was analyzed
for iron(IIT) according to the proposed procedure.

In all the above analyses (Table 2) parallel determination
were carried out using the standard phenanthroline method
[2]. A statistical analysis of the results by the F- and t-tests
showed no significant difference in the proposed and stan-
dard method. This shows the precision and accuracy of
the proposed method. The reliability of the method for
analysis of real samples was checked by recovery experi-
ments, which gave quantitative results with appropriate
reproducibility.

Analysis of pharmaceutical samples

Samples of finely ground iron tablets of known weight
were treated with 5 mL conc. nitric acid, and the resulting
mixture were evaporated to dryness. The residue was
leached with 5 mL 0.5mol L' H,SO, [23]. The solution
was boiled with dilute H,O, for 10 min [for tablets con-
taining Fe(Il)], heating was continued for further 5 min to
boil off any excess of H,0,. The solution was cooled,
neutralized with dilute ammonia and diluted to known
volume with water. A suitable aliquots of made up solu-
tion were analyzed according to the suggested procedure
for Fe(III)[Table 3]. The results indicate the reliability of
the method in recovering iron from these samples.

Analysis of synthetic mixtures

Several synthetic mixtures of varying compositions contain-
ing iron and diverse ions of known concentrations were pre-
pared and Fe(IIl) was determined by the present method.
The results were found to be highly reproducible. Accu-
rate recoveries were achieved in all solutions (Table 4).

Analysis of aluminum alloys

Aluminum alloys were brought into solution by the addi-
tion of 15 mL 1:1 hydrochloric acid and 3 mL conc. nitric
acid, and heated until the solution was clear [25]. The so-
lution was made up to a known volume, suitable aliquots
of this sample solution were analyzed for Fe(III) using the
proposed procedure. The results summarized in Table 5

clearly shows that the developed method works satisfacto-
rily for analysis of iron(IIl) in alloys.

Conclusions

The developed method for the determination of iron(III) is
simple, inexpensive, rapid, and sensitive (molar absorp-
tivity 5.6x10* L mol! cm™!) in comparison with previ-
ously reported procedures [12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22]. The added advantage of this method in com-
parison with AAS and ICP-emission spectrometry meth-
ods is its simplicity, low cost, reliability and applicability
to field determination of iron. The new method has been
successfully applied to the determination of iron in real as
well as in synthetic matrices.
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