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a b s t r a c t

A new, simple and sensitive method for spectrophotometric determination of tin (IV) with iodide
and amide is described. The Sn(IV)–I− complex is extracted with chloroform solution of amide (N-
phenylacetamide, N-alkylacetamide, alkyl = butyl, phenyl, hexyl and octyl group) in the strong sulphuric
acid solution. Among five amides studied, N-octylacetamide (OAA) has been selected as it yielded
best sensitivity. The apparent (at twofold preconcentration) molar absorptivity with respect to tin is
(2.40) × 105 L mol−1 cm−1 at �max, 410 nm. The detection limit of the method is 4 �g L−1 Sn. The method is
free from interferences of common ions that are normally associated with Sn. The method is highly sensi-
tive and found to be applicable for the rapid determination of tin in water samples at micro-gram levels.
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. Introduction

Tin is present in the earth’s crust at a concentration of about
.2 mg kg−1 (milligram per kilogram) and its concentration in
eawater is about 0.01 �g L−1 (micro-grams per liter). Tin poses
xternal as well as internal health hazards. The main causes of
nternal exposure are ingestion of food and water containing tin
sotopes. Tin is a volatile element and is widely used as stablizer
n plastic industries and as pesticides in agriculture [1]. Though
in is an essential metal it is toxic when present in organic forms
2–3]. Organotins with alkyl or aryl groups are among the most
oxic compounds. The contamination of tin is due to natural as well
s antropogenic causes. Coal burning, smelting of pyrite minerals
re the major anthropogenic sources. On the other hand, organotins
re used for many years as antifouling paint agents, fungicides and
ood preservatives [4].
Several organic reagents such as 2,6,7-trihydroxyphenyl-
uorone, catechol violet, bromopyrogallol red + nonyl phenoxy
olyethoxyethanol + cetyltrimethylammonium bromide, diacetyl-
onoxime p-hydroxybenzoylhydrazone in cationic micellar
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edium, 1-(2-pyridylazo)-2-naphtol (PAN) + Triton X-100 and
is(2-ethylhexyl) sulfosuccinate, 2-ethylhexyl phosphonic acid
ono-2-ethylhexyl ester, etc. were reported for spectrophotomet-

ic determination of tin [5–11]. However, these methods are not
uitable for routine monitoring as the procedures are complicated,
eport poor sensitivity and susceptible to pH changes and interfer-
nces. In the present work, new, simple and selective method for
he sensitive extraction and spectrophotometric determination of
in with N-octylacetamide (OAA) in the presence of iodide ions is
escribed. The proposed method is more sensitive and selective
han the most of the methods reported for the spectrophotometric
etermination of Sn. The method is applicable for the rapid
etermination of tin in the water samples at micro-gram levels.

. Experimental

.1. Apparatus

A Systronics VIS-spectrophotometer type-106 matched with 1-
m quartz cell was used for the absorbance measurement. A GBC
AS-932 equipped with HG-3000 was used for the data validation.
.2. Reagents and solution preparations

All the chemicals used were analytical reagent grade. Tin metal,
otassium iodide, ascorbic acid were purchased from E. Merck

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:akavita9@rediffmail.com
dx.doi.org/10.1016/j.jhazmat.2008.07.124
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Darmstadt, Germany). Acetic anhydride and alkyl amine for the
ynthesis of alkyacetamide was obtained from Sigma (St. Loius,
O, USA). A fresh standard solution of tin (1000 �g mL−1) was

repared by dissolving weighed amount (0.25 g) of tin metal in
inimum quantity of H2SO4, evaporating to dryness and dissolving

he residue in 0.07 mol L−1 ammonium oxalate in 250 mL of de-
onised doubly distilled water. The working standard solutions were
repared by an appropriate dilution of the stock solution. Freshly
repared solution of 3 mol L−1 KI (50%, w/v) containing 0.56 mol L−1

10%, w/v) ascorbic acid was used to prepare iodo complex of tin.
he amides were synthesized as prescribed in the literature [12]. A
.15 mol L−1 (2.5%, v/v) N-octylacetamide (OAA) solution in chloro-
orm was used for the extraction of the iodo–stannate complex. All
olutions used were presaturated with chloroform.

.3. Procedure

An aliquot of the sample solution containing 250–5000 �g of
in (IV) was transferred into a 100 mL-separatory funnel followed
y the addition of 2.5 mol L−1 H2SO4. To this, 2.5 mL KI solution
as added and shaken with 5.0 mL chloroform solution of OAA for
min. The organic extract was dried using anhydrous sodium sul-

ate (≈2.0 g) in a 10-mL volumetric flask. The absorbance of the
xtract was measured at 410 nm against the reagent blank.

. Results and discussion

.1. Absorption spectra

Tin (IV) reacts with iodide ions to give a yellow-colored complex.
t is extractable into non-polar solvent such as chloroform in the
resence of a base (phenylacetamide, butylacetamide, pentylac-
tamide, hexylacetamide, and octylacetamide), possibly due to the
ormation of an ion-associate species. Hence, the iodo complex of
in was extracted using phenylacetamide, butylacetamide, penty-
acetamide, hexylacetamide, and octylacetamide in chloroform.
mong the bases tested, the highest value of molar absorptivity
f the complex was observed with N-octylacetamide (OAA). Hence,
t was selected for further detailed studies. The absorption spec-
ra of Sn(IV)–I− complex and the reagent blank are summarized in
ig. 1. The complex in chloroform exhibited a sharp �max around
10 nm.

.2. Effect of acidity

The effect of HCl and H2SO4 on the determination of Sn in the
resence of I− ions and OAA was examined. The extraction of the
etal was suppressed in presence of HCl, may be due to forma-

ion non-extractable chloro complex. However, near quantitative
xtraction of the metal (>99.0%) was achieved in H2SO4 medium.
he optimum acidity was ranged between 2.0 and 3.5 mol L−1

2SO4. An acidity value of 2.5 mol L−1 H2SO4 was selected for fur-
her experimental work.

.3. Effect of iodide and ascorbic acid

Iodide ions act as primary ligand in the formation of the ternary
omplex. A consistent and maximum extraction of the metal (>99%)
as achieved when the concentration of I− ions was >0.54 mol L−1,

nd further addition up to 0.66 mol L−1 KI caused no adverse effect.

n the present work, a 0.6 mol L−1 KI was used for further stud-
es. Ascorbic acid was added in order to prevent the liberation
f iodine by any oxidizing species formed in situ. A 0.01 mol L−1

scorbic acid was sufficient to prevent the liberation of iodine
rom iodide and its further addition up to 0.2 mol L−1 had no

c
d
v
v

ig. 1. Absorption spectra of the Sn(IV)–I−–OAA complex and reagent blank against
he relevant reference. (A) Reagent blank in chloroform; (B) [Sn] = 4.0 × 10−7 mol L−1;
C) [Sn] = 1.2 × 10−6 mol L−1; (D) [Sn] = 2.0 × 10−6 mol L−1.

dverse effect. For the present work, 0.11 mol L−1 ascorbic acid was
sed.

.4. Effect of amide

Amide is expected to act as cationic surfactant in acidic medium
o neutralize the iodo–stannic anion to be extracted as neu-
ral complex [13,14]. Amides (N-phenylacetamide, butylacetamide,
entylacetamide, hexylacetamide, and octylacetamide) are capa-
le to extract the iodo-complexes, may be due to higher basicity.
mong them, the highest value of molar absorptivity of the complex
as observed with N-octylacetamide (OAA), possibly due to higher
istribution coefficient in chloroform. At least, 0.12 mol L−1 OAA in
hloroform was found to be needed for the complete extraction
f the metal. Its further addition up to 0.2 mol L−1 had no adverse
ffect but thereafter, the extract become viscous. A 0.15 mol L−1 OAA
olution in chloroform was used for the detailed extraction work.

.5. Effect of other variables

The sequence of addition of reagents was not found to be critical.
he absorptivity of the extract was stable for at least 2 h over tem-
erature range between 10 and 28 ◦C. Beyond 28 ◦C, the complex
as found to be unstable. The detailed experimental work was car-

ied out at room temperature (22 ± 2 ◦C). Addition of 0.5 mol L−1

f Na2SO4 to the aqueous solution had no adverse effect on the
bsorptivity of complex. No change in the absorptivity of the extract
as observed when the volume ratio of the aqueous to the organic
hase was varied from 1:2 to 3:1.

.6. Composition of complex

−
The mole ratio of Sn(IV) to I ions and OAA in the extracted
omplex was determined by the curve-fitting method, plotting log
istribution ratio (D) versus log [I−] or [OAA] at equilibrium. The
alue of slope obtained for the curve, log D versus log [I−] and log D
ersus log [OAA] was found to be 5.8 and 2.1 (close to integer 6
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Table 2
Determination of tin in the reference material

Reference
material

Certified value
(mg kg−1)

Present method
(mg kg−1)

R.S.D. (n = 4), ± %

SRM-1 4.5 4.37 1.4
SRM-2 2.6 2.54 1.5

Table 3
Determination of tin in the contaminated water

Sample Present method HG-AAS method

�g L−1 R.S.D. (n = 4), ± % �g L−1 R.S.D. (n = 4), ± %

SW-1 265 1.1 276 2.9
SW-2 827 1.2 811 3.5
SW-3 391 1.3 403 3.0
SW-4 434 1.1 428 3.3
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nd 2), respectively. The molar ratio of Sn:I−:OAA is expected be to
:6:2 in the extracted complex. The probable reaction mechanism
or the extraction of the complex is expressed:

(i) Formation of iodo complex

Sn4+ + 6I− ⇔ [SnI6]2−

(ii) Protonation of amide in the acidic solution

OAA + H+ ⇔ OAAH+

iii) Extractable ion-associate complex with OAA

[SnI6]2− + 2OAAH+ ⇔ {[SnI6](2OAAH)}o

hereas the subscript ‘o’ denotes to the organic phase and the
ensitivity of the complex is expected due to dehydration of the
omplex with N-octylacetamide micelle.

.7. Optimum concentration range, sensitivity and precision

The calibration curve prepared by plotting absorbance ver-
us concentration of Sn was found to be linear over the range
f 25.0–500 �g L−1 Sn with slope, intercept and correlation coef-
cient of 1.9627, −6.0 × 10−4 and +0.99, respectively. The R.S.D.
f the method for four replicate measurements (n = 4) at level
f 100 �g L−1 Sn was found to be ± 1.5%. The apparent value (at
wofold enrichment) of molar absorptivity of the complex with
espect to tin was (2.40) × 105 L mol−1 cm−1 at �max, 410 nm. The
etection limit of the method was found to be 4.0 �g L−1 Sn.

.8. Effect of diverse ions

The effect of diverse ions in the determination of 100 �g L−1 Sn
as examined. None of the tested ions were found to interfere in

he determination of tin. Their tolerance limits in the determination
f tin are summarized in Table 1.

.9. Accuracy of the method

The accuracy of present method was tested by analyzing the Sn
ontent in the SRM (USGS) standard reference materials. Accurately

eighed reference material was digested with aqua regia (25 mL),

nd excess of nitric acid was removed by heating with concentrated
Cl (5 mL). The residue was dissolved in 2.5 mol L−1 H2SO4 and
iluted to 50-mL with the same acid. The solution was filtered and
he tin content was determined by the present method as recom-

able 1
olerance limit of diverse ions in the determination tin (100 �g L−1)

on added Tolerance limita

(�g mL−1)
Ion added Tolerance limita

(�g mL−1)

n(II), Ni(II) 3400 Citrate, tartrate 600
n(VII) 3000 Zn(II) 500

r(III) 2100 Ir(III), Ca(II) 400
(VI) 1800 Pt(IV), Hg(II), SCN− 300
g(II), Al(III) 1500 Mo(VI), Se(IV) 250

e(II), Co(II), 1000 PO4
3− 150

hiourea, Fe(III), 900 Pb(II), As(V) 100
r(IV), Ti(IV) 720 Sb(V), Bi(III) 75
DTA, Cu(II) 650

a Causing error < ±2%.

R

W-5 496 1.0 490 3.2
W-6 210 1.3 202 2.9

W = surface water samples obtained from Bacheli and Dantewara.

ended in the procedure. A good agreement was found with the
eported values, Table 2.

.10. Application of the method

The application of the method for the determination of Sn in
urface water collected from a tin deposit area, Nerly (Bacheli) and
atekalyan (Dantewara), Baster, Chhattisgarh, India was tested. The
ater sample (500 mL) was collected in polyethylene container

n February 2006. After, the sample was treated with few drops
f ultra-pure nitric acid. The solution was filtered with Whatman
lter paper no. 42 and acidity was adjusted to 2.0 mol L−1 with
2SO4 (15 mol L−1). The tin content was determined by the present
ethod as described in the procedure. The data was validated by

nalyzing tin in samples with the AAS-HG method as prescribed
n the literature [14]. The precision obtained by both methods was
ound to be comparable, Table 3.

. Conclusions

The proposed method is simple, selective and sensitive for the
etection of tin at micro-gram levels. The high sensitivity of the
ethod is assumed due to micelle role of N-octylacetamide as sur-

actant. The sensitivity of the present method is comparable with
he reported method with enhanced selectivity [5–11].
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