
A Sensitive Method For Iodate Determination As
A Function Of Chloride By Spectrophotometry

Gadde Ramachandraiah1, Surendra B.Mehta2

1Central Salt & Marine Chemicals Research
Institute, Gijubhai Badheka Marg,
Bhavnagar-364002, Gujarat, (INDIA)
2Department of Chemistry, Bhavnagar University,
Gijubhai Badheka Marg, Bhavnagar 364002,
Gujarat, (INDIA)
Tel : +91-278-2568694/2568114/2567760;
Fax : +91-278-2567562;
E-mail: grama@csmcri.org

Manish P.Joshi, Sunil P. Dave, M.Subba Reddy, Kuldeep
C.Gohil
1Central Salt & Marine Chemicals Research Institute,
Gijubhai Badheka Marg, Bhavnagar-364002, Gujarat, (INDIA)
2Department of Chemistry, Bhavnagar University,
Gijubhai Badheka Marg, Bhavnagar 364002, Gujarat, (INDIA)

Received: 20th July, 2006
Accepted: 7th September, 2006


 

ABSTRACT

A simple spectrophotometric method has been developed for the deter-
mination of IO

3
 as a function of Cl in 0.1% KI - 0.16 NH

2
SO

4
 me-

dium. The calibration graphs for IO
3
 estimation in 0.1% KI - 0.16

NH
2
SO

4
 medium in various %Cl are determined by following the bands

at 288 and 351 nm. The influence of Cl on the determination of IO
3


is studied and an empirical equation involving the %Cl for IO
3
 estima-

tion is proposed. At %Cl = 0, the lower detection limits for IO
3
 are

0.01 M at both wavelengths while the upper determination limits are
40 M and 60 M at 288 nm and 351 nm, respectively. In chloride
medium, both the lower and upper limit increases with the increase in
Cl concentration. At 6%Cl, the lower limit 1 M at both wavelengths
while the upper detection limit increased to 80 and 100M, respec-
tively, at 288 and 351 nm. The relative standard deviation found in five
repetitive experiments are 0.74 and 1.45% at 288 nm band and 1.01
and 1.87% at 351 nm in Cl free, and 3.03 and 0.91% at 288 and 351
nm, respectively in 6 % Cl medium. The effect of K+, Ca2+ and Mg2+

commonly present in most edible salts, on the absorption intensities are
reported.               2006 Trade Science Inc. - INDIA
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INTRODUCTION

Iodine is a trace nutrient essential for healthy bio-
logical growth of humans and animals[1,2]. Its defi-
ciency for long time, leads to biological disorders like
gout, mental retardation, deaf mutism, short stat-
ure, cretinism and risk of death during the childhood[1-

6]. The recommended daily intake of iodine as 110
g/day for young infants (0-6 months), 130 g/day
for older infants (7-12 months), 90 g/day for chil-
dren (1-8 years), 120 g/day for children (9-13 years),
150 g/day for adolescents and adults; 220 g/day
for pregnant ladies (18-50 years)[7]. Iodine intake from
food supply through natural resources is generally
inadequate in most parts of the world and must be
supplemented. To do so, edible salt is considered as
the most common vector among other tested possi-
bilities[8]. Tropical countries like India and other parts
of Asia preferentially use KIO

3
 as iodizing agent

while the non-tropical countries like USA use KI for
iodization of salt. Both of these forms of iodine
however, are absorbed as iodide ions and are com-
pletely bio-available[9]. On the contrary, excess in-
take of iodine/iodized compounds may lead to thy-
rotoxicosis[1]. Therefore, monitoring of iodine level
is essential for iodine supplementation procedures.

Several analytical methods have been reported
for the determination of iodate and iodide including
titrimetry[10], electrochemistry[11-14], chemilumines-
cence[15] and ICP-MS[16]. Kumar et al.[17] have sug-
gested an anion exchange chromatographic method
with conductometric detector for the estimation of
iodate in iodized common salts. This method requires
the use of a fresh on guard silver cartridge for the
pretreatment of each sample to avoid the interfer-
ence of chloride ion present in the sample matrix.

Spectrophotometric methods reported so far on
determination of iodate and iodide, are based on the
formation of the iodine�starch complex or catalytic
reactions[18,19]. Choengchan et al.[20] have reported a
simple flow injection method for the determination
of iodate in iodized salts. The method involves the
conversion of iodate to triiodide which subsequently
forms a blue (I

3
 starch) complex in the presence of

starch enabling to detect 2 mg/kg salt colorimetri-
cally at 590 nm. However, the thiosulfate treatment

is essential after completion of each sample to pre-
vent the accumulation of the blue complex residue
on the walls of tubing and the flow cell. Xie et al.[21]

have reported reverse flow injection method for the
determination of iodate and iodide. The iodate is
reacted with excess iodide in acidic medium to form
tri-iodide and monitored spectrophotometrically at
351 nm. However, the effect of chloride ion con-
centration on the absorption band 351 nm has not
been studied.

Recently, Jakmunee and Grudpan[22] have re-
ported a flow injection amperometric method for
iodate determination at 35 injections h1 sampling
frequency. A Flow injection spectrophotometric
method[23] using an ion associate of iodate with 3,5-
Br

2
-PADAP and thiocyanate with the detection limit

of 63 ng ml1 and a sampling frequency of 80 h1 has
also been reported.

Most of the above methods used for determina-
tion of iodate may be sensitive, but some of them
are time consuming and needs various reagents for
the pre/post chemical treatment or expensive appa-
ratus. Further, the effect of chloride ion concentra-
tion in particular the determination of iodate in io-
dized salts has not been established.

In an attempt to prepare potassium iodate from
elemental iodine and KOH solution through non-
catalytic chromium (VI) route for edible purpose using
electro-membrane flow cell under single pass condi-
tions[24], we needed a method for the direct determi-
nation of iodate in the presence and in the absence
of chloride ion.

It is of course well known that iodate reacts with
iodide in acid medium producing three molecules of
iodine or triiodide in the presence of excess iodide,
which enables its direct determination by photomet-
ric in lower or titrimetric method at higher concen-
tration levels. However, in photometric methods, the
affect of variable concentrations of chloride on the
observed absorbance of triiodide in the visible re-
gion has never been reported and consequently can
cause a significant error in its determination. In fact
the visible spectral changes that whether fading of
triodide color in solution with the increase in chlo-
ride ion concentration is due to an actual change in
molar absoptivity of triodide ion in a highly saline
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Zmedium or a different amount of triiodide formed
has never been elucidated earlier. We discuss these
results in this paper with the quantitative data on
the effect of chloride concentration on the apparent
triiodide absorptivity by following the absorption
bands at 290 and 351 nm. The sensitiveness of these
bands with respect to low and upper limits of detec-
tion has been determined and the coefficient of chlo-
ride ion dependence on the determination of iodate
in table salts has been reported.

EXPERIMENTAL

Reagents

Highly pure potassium iodate (KIO
3
) from

Qualigens Fine Chemicals Limited, India, potassium
iodide (KI) from Ranbaxy Fine Chemicals Limited,
India were obtained and employed as received in the
present investigations. All other chemicals such as
NaCl, (Qualigens), KCl (Rankem), CaCl

2
 (fused,

Rankem) MgCl
2
.6H

2
O (S.D. Fine Chem.Rankem),

H
2
SO

4
, etc. were of the highest purity grade. Stan-

dard solutions of (100 mM) KIO
3
 prepared weekly

in double distilled water and diluted to the desired
concentration between 10 mM and 1 M as and when
required. 25% (w/v) NaCl solution was prepared by
dissolving 62.5 g of dry NaCl in deionized water in a
250 ml standard flask. Stock, 10% and 1% (w/v)
solutions of KI, (1 M) MgCl

2
, (0.1 M) KCl/CaCl

2

were prepared and used in the present studies. A so-
lution of 18 or 2 N H

2
SO

4
 was prepared by diluting

appropriately the concentrated H
2
SO

4
 and used in

the present studies.
All glassware were cleaned with detergent solu-

tion, rinsed with tap water, soaked in 2% (v/v)
HNO

3
, followed by rinsing with water and drying in

the oven at 120C. Doubly distilled water was used
to prepare all experimental solutions.

Commercially available iodized salts of some
branded Indian companies were procured from re-
tail shops in well-packed condition. A stock 10%
(w/v) solution of iodized salt was prepared from
oven-dried sample and used for the chloride and io-
date determination.

Procedures

1. Absorption spectra of triiodide or iodate in ex-

cess acidic iodide-chloride and -chloride free
media

Absorption spectra of IO
3
 were recorded in the

range 1 M to 0.1 mM from KIO
3
 stock solution

while maintaining the %KI to 0.1 (w/v); %Cl to 0,
0.61, 1.82, 3.03 or 6.06 (w/v) with NaCl; and [H+]
to 0.04, 0.16 or 1.44 N with H

2
SO

4
 in the experi-

mental solution. To an aliquot (0.25-5 ml of 0.1 mM
or 1 to 2.5 ml of 1 mM) of KIO

3
 stock in a standard

flask containing 2.5 ml of 1%(w/v) KI; 0, 1, 3, 5 or
10 ml of 25% (w/v) NaCl; 0.5 or 2 ml of 2 N or 2
ml of 18 N H

2
SO

4
 was added, diluted to 25 ml with

distilled water and allowed 5-10 min for equilibra-
tion. The absorption spectra of these experimental
solutions were recorded between 200 nm and 800
nm.

2. Calibration plots of iodate ion estimation in
chloride free medium.

Working standards for iodate ion estimation in
Cl free medium were prepared in the range between
0.01 M and 0.1 mM from KIO

3
 stock solutions

while maintaining the acid concentration to 0.04,
0.16 or 1.44 N with H

2
SO

4
 in the experimental solu-

tion. To an aliquot (0.25 to 5 ml of 1 M or 0.1 mM
or 1 to 2.5 ml of 10 M or 1 mM) of KIO

3
 stock in

a standard flask containing 2.5 ml of 1% (w/v) KI,
0.5 or 2 ml of 2 N or 2 ml of 18 N H

2
SO

4
 was added,

diluted to 25 ml with distilled water and allowed 5-
10 min for equilibration. The absorption spectra of
these experimental solutions were recorded between
200 nm and 800 nm.

3. Calibration plots of iodate ion estimation in
chloride medium.

Working standards for iodate ion estimation in
Cl medium were prepared in the range from 0.1 M
and 100 M from KIO

3
 stock solutions while main-

taining the %Cl to 0.61, 1.82, 3.03 or 6.06 (w/v)
and [H+] to 0.16 N with H

2
SO

4
 in the experimental

solution. To an aliquot (0.25 to 5 ml of 100 M or 1
to 2.5 ml of 1 mM) of KIO

3
 stock in a standard

flask containing 2.5 ml of 1% (w/v) KI, 1, 3, 5 or 10
ml 25% (w/v) NaCl and 2 ml of 2 N H

2
SO

4
 was

added, diluted to 25 ml with distilled water and al-
lowed 5-10 min for equilibration. The absorption
spectra of these experimental solutions were re-
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corded between 200 nm and 800 nm. The influence
of Cl on the iodate ion estimation was followed by
keeping the [IO

3v
] constant at 0.04 mM in 0.1% (w/

v) KI0.16 N H
2
SO

4
 while varying its concentration

between 0.0% and 6.1%.

4. Estimation of chloride ion

The chloride ion composition in 10% (w/v) io-
dized edible samples was determined to a preces-
sion of  0.05% by the well-known volumetric
(Mohr�s) method as described earlier[25]. The samples
were diluted appropriately and used in the chloride
ion estimation.

5. Estimation of iodate in commercial iodized
salts

The iodate ion estimation in commercial iodized
salts was carried out in 0.16 N H

2
SO

4
 medium main-

taining the %Cl between 6 and 8.5 (w/v) by adding
NaCl externally. To 5-15 ml of the 10% (w/v) io-
dized salt solution, 2.5 ml of 1% (w/v) KI, 2.0 g of
NaCl (6.06%, w/v, Cl) and 2 ml of 2 N H

2
SO

4
 were

added. The resulting solution was diluted to 25 ml
with distilled water and allowed to stand for 5-10
min for equilibration. The absorbance at 288 and
351 nm of the equilibrated solution was noted and
the IO

3
 concentration in it was determined. The

above experiment in each case was repeated at least
five times and the standard deviation was calculated.

6. Determination of iodate in electrolyzed solu-
tions

The iodate composition in electrochemically pre-
pared 3% (w/v) expected KIO

3
 solution from 1.78%

elemental iodine in 0.99% (w/v) KOH using anion-
exchange membrane flow cell under single pass con-
ditions[24] was estimated by the present method. To a
0.5-1.0 ml of 100 fold diluted analyte solution, 2.5
ml of 1% (w/v) KI and 2 ml of 2N H

2
SO

4
 were

added. The resulting solution was diluted to 25 ml
with distilled water and allowed to stand for 5-10
min for equilibration. The absorbance at 288 and
351 nm of the equilibrated solution was noted and
the IO

3
 concentration in it was determined assum-

ing chloride-free medium.

7. Interference of other cations on iodate esti-
mation

The cations K+, Ca2+ and Mg2+, which commonly
present in considerable amounts in iodized sea-salt
or iodized mined salt were studied for potential in-
terference. In these studies K+, Ca2+ and Mg2+ con-
centrations were maintained at 0.02. 0.02 and 0.10
M, respectively, and the spectra were recorded as
stated in the above experiments. To an aliquot (1 ml
of 1 mM) of KIO

3
 stock in a standard flask contain-

ing 2.5 ml of 1% (w/v)KI, 10 ml 25% (w/v)NaCl, 2
ml of 2 N H

2
SO

4
 and 2.5 of 1 M MgCl

2
 (5 ml of 0.1

M KCl/CaCl
2
) was added, diluted to 25 ml with dis-

tilled water and allowed 5-10 min for equilibration.
The absorbance at 288 and 351 nm of the equili-
brated solution was measured.

Apparatus

Electronic absorption spectra were recorded em-
ploying a quartz cell of 1 cm path length on Varian-
Cary 500 Scan UV-Vis NIR spectrophotometer.

RESULTS AND DISCUSSION

It is of course well known that iodate reacts with
iodide in acid medium producing three molecules of
iodine (Eq 1) or triiodide (Eq 2) in the presence of
excess iodide. Both, iodine and triodide exhibit a
characteristic color in solution on account of two
absorption bands in the ultraviolet region at 288 and
351 nm, low in the former case and intense in the
later case[20,21,26,27], which have been formed the basis
for their photometric determination[20,21]. The color
of these species in solution predictably reduces in
the presence of added chloride ion and incremen-
tally fades as the latter�s concentration increases and
can cause a pivotal error in iodine determination. In
fact these visible changes that whether this affect is
due to an actual change in molar absoptivity of
triodide ion in a highly saline medium or a different
amount of triiodide formed on account of its pos-
sible establishment of an equilibrium with I

2
Cl spe-

cies [Eq 3][26,28-30], in solution has never been revealed
earlier. In order to generate a quantitative data on
the effect of chloride ion concentration over the
apparent absorptivity of bands at 290 and 351 nm,
the spectral behavior of triiodide by using (0.1%)
KI - (0.16 N) H

2
SO

4
 mixture as a reaction medium
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having Cl set to 0% or between 6 and 8.5% (w/v)
has been reinvestigated so as to facilitate the deter-
mination of iodate through triiodide in iodized salts.

5I  +  IO
3

    +    6H+ 3I
2
  +  3H

2
O (1)

I
2
    +  I  I

3

 (2)

I
3

  +  Cl 
 

Keq I
2
Cl  +  I (3)

Absorption spectra of triiodide in chloride free
medium

Figure 1A depicts the absorption spectra of I
3


ion resulted in accordance with the above reactions
(Eqs 1 and 2) between KIO

3
, I and H+. As reported

in the literature[26], the spectrum has showed two in-
tense absorption bands at 288 and 351 nm, charac-
teristic of I

3
. The spectrophotometric studies of so-

lutions with a constant percentage of I as KI and
with changeable concentrations of KIO

3
 (0.01 M

to 150 M) showed that at [H+] 0.16 N the solution
absorbance obeyed Beer�s law for [IO

3
] = 0.01 to

60 M at 351 and for [IO
3
] = 0.01 to 40 M at 288

nm (Figure 1B). The molar absorptivities of I
3
 were

found to be 1.931 x 105 and 2.922 x 105 M1 cm1,
respectively at these wavelengths. These values co-

incide with literature data (2.500 x 105 M1 cm1 for
288 nm and 3.694 x 105 M1 cm1 for 351 nM) from
Kazantseva et al.[26]

The spectrophotometric studies of I
3
 solutions

with a constant percentage of I- as KI and with
changeable concentrations of KIO

3
 (0.01 M to 150

M) showed that at [H+] = 0.16 N and 0.04 N as
H

2
SO

4
, the solution absorbance for I

3
 changed neg-

ligible at both 351 and 288 nm. However, the stud-
ies when repeated in 1.44N H

2
SO

4
, the solution ab-

sorbance for I
3
 increased at both the wavelengths

351 and 288 nm by about 1.07 and 4.5 times de-
pending on the KIO

3
 concentration. These changes

may be accounted for large deviations in the viscosi-
ties of the medium.

Absorption spectra of tri iodide in chloride me-
dium

Absorption spectra of I
3

- ion produced in figure1
A were studied in the presence of various percent-
ages (0.61, 1.82, 3.03, 6.06) of Cl- as NaCl. The data
obtained in 6.06 % Cl in (0.01 to 150 M) KIO

3
,

0.1% KI and 0.16 N H
2
SO

4
 solution is presented in

figure 2A. The spectra were similar to those observed

Figure 1: A) Absorption spectra of I
3
 in chloride free medium. KI, 0.1%; H

2
SO

4
, 0.16 N; [KIO

3
]: (a) 0 mM;

(b) 1 M; (c) 4 M; (d) 10 M; (e) 20 M; (f) 40 M; (g) 60 M; (h) 80 M; (i) 100 M. at 25C.
B) Variation in absorbance at (a) 288 nM, (b) 351 nM with [IO

3
].
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in the absence of Cl (Figure 1A) except a consider-
able reduction in the absorbance of both the charac-
teristic intense bands (288 and 351 nm) of I

3
. The

solution absorbance obeyed Beer�s law for extended
concentration of I

3
 upto 300 M at 351 and 240

M at 288 nm (Figure 2B). However, the lower limit
of detection of I

3
 was reduced in either case to 3

M in Cl- medium. The reduction in the absorbance
of I

3
 especially in chloride medium indicates the de-

crease in the concentration of it. This may be attrib-
uted to the formation of low-absorptive inter-halo-
gen compounds. The most probable mixed haloge-
nated compounds in the present experimental con-
ditions are expected to be I

2
Cl and ICl

2
[26,29]. The

former species I
2
Cl results by the exchange of I in

an equilibrium (K
eq

) with Cl present in solution as
shown in Eq 3, while the later species, ICl

2
 contains

I+ and does not exist in presence of excess I as it
readily reacts further with the former species to give
ultimately I

2
Cl. From the absorption data at 288 and

351 nm of 40 M KIO
3
, 0.1% KI and 0.16 N H

2
SO

4

in 0.61-6.10% Cl, the value of K
eq

 was evaluated as
0.376424 M1 and 0.414311 M1, respectively which
are in close agreement with the (1/K

eq
) values re-

ported by Cason et al. (0.60 M)[31] and by Wang et al.

(0.013 M in  = 1.0 and 0.5)[32].
The species I

2
Cl has low absorptivity at 288 and

351 nm[26], which could be the reason for the fading
of I

3
 solution or decrease in the absorbance at 288

and 351 nm in figure 2 with the increase in %Cl.
Therefore, the ignorance of the variation in chloride
ion composition in the determination of iodate in
different commercialized iodized salts is not proper.
Similarly, while in the determination iodide in the
natural brines through the formation of I

3
 ions, the

chloride concentrations whose concentration is 3�4
magnitudes of order greater than the iodide concen-
trations is not forgettable[26].

The effect of H+ concentration of the absorp-
tion bands at 288 and 351 nm of I

3
 was verified by

changing its concentration to 0.04 and 1.44 N while
varying KIO

3
 between 1 to 120 M keeping KI at

0.1% and %Cl at 6.06. Unlike in the absence of Cl,
the plots of absorbance versus [IO

3
] of 351 and 288

nm in 0.04 and 1.44 N H
2
SO

4
 are linear and have

slope identical to that observed in 0.16 N H
2
SO

4
.

Evaluation of standard equations for iodate ion
estimation

Figure 2: A) Absorption spectra of I
3
 in 6.06 %Cl (NaCl) KI, 0.1%; H

2
SO

4
, 0.16 N; [KIO

3
]: (a) 0 M;

(b) 1 M; (c) 4 M; (d) 10 M; (e) 20 M; (f) 40 M; (g) 60 M; (h) 80 M; (i) 100 M. at 25C.
(B) Variation in absorbance at (a) 288 nM, (b) 351 nM with [IO

3
].
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The decrease in the absorption intensity of the
I

3
 bands () at 288 and 351 nm in chloride medium

proves that the formation of low absorptive species
I

2
Cl while the regular decrease in the absorbance of

288 and 351 nm bands with the enhancement in %Cl

could be explained for the influence of chloride ion
on the equilibrium (Eq 3) involving I

3
, Cl and I

2
Cl

. Thus, the observed absorbance at  (288 or 351
nm) is then accounted for

Abs
 
 = m

1
 [I

3
 ] - m

2
¢ [I

2
Cl] (4)

Abs
 
 = m

1
 [I

3
 ] + m

2
 %Cl

T
 [I

3
 ] (5)

where m
2
 = 0.282 m

2
¢ K

eq
, %Cl

T
 = Total per-

centage of Cl ion in the experimental solution. In
the present experimental conditions, [I

3
] = [IO

3
],

the Eq 5 reduces to Eq 6.
Abs

  
 = m

1
 [IO

3
] - m

2
 %Cl

T
- [IO

3
] (6)

At %Cl
T
 = 0 i.e. in the absence of chloride, Eq

6 reduces to Eq 7
Abs

 
 = m

1
 [IO

3
] (7)

Eq 7 explains the absorption spectra of IO
3
 in

chloride free medium under the present experimen-
tal conditions as described in figure 1. Whereas, the
difference in Eqs 6 and 7 resulting to Eq 8 explains
the difference of absorption (Figures 1 and 2) of
spectra IO

3
.

Abs
 
 = -m

2
 [%Cl

T
] [IO

3
] (8)

The coefficients m
1
 and m

2
, in Eq 6 were deter-

mined experimentally by constructing calibration

graphs independently in a mixture of 0.1% KI and
0.16 N H

2
SO

4
 in chloride and chloride free medium

as discussed in the following sections.

Determination of the coefficient m
1
 in chloride

free medium

Absorption spectra of 0.01 - 100 M IO
3
 in 0.1%

KI - 0.16 N H
2
SO

4
 medium were studied. The plot

of [IO
3
] vs absorbance at 288 and 351 nm (Figure

3) showed a linear increase between 0.01-60 M
obeying the linear equations Abs

288
=95.132 [IO

3
] (R2

=0.9999) and Abs
351

=62.458 [IO
3
] (R2=0.9999)

passing through the origin, respectively. The lower
detection limit for IO

3
 under the present set of ex-

perimental conditions was noted as 0.01 M with
respect to both the 288 and 351 nm bands while the
higher detection limit was 40 M with respect to
288 nm and 60 M with respect 351 nm, implying
that the determination of IO

3
 in chloride free me-

dium is better to follow the 351 nm band concentra-
tion as high as 60 M.

The precision of the method was established by
five replicate determinations of standard IO

3
 solu-

tion. Using 20 M and 0.02 M of IO
3
 in 0.1% KI

- 0.16 N H
2
SO

4
 medium, the relative standard de-

viation was found to be 0.74 and 1.45% with re-
spect to 288 nm band and 1.01 and 1.87% with re-
spect to 351 nm band, respectively.

Figure 3: Calibration plots of [IO
3
] vs  Absorbance at (a) 288  nm, (b) 351 nm. in a mixture of 0.1% KI

and 0.16N H
2
SO

4
 with 0% Cl. [IO

3
]: (A) 0.0 � 6 M; (B) 0.0 � 1.0 M at 25C.
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Calibration plots of iodate estimation in chloride
medium

The absorption spectra of I
3
 was recorded by

varying KIO
3
 between 1 to 120 M, while keeping

KI at 0.1% and H
2
SO

4
 at 0.16 N in different %Cl

(0, 0.61, 1.82, 3.03 and 6.06) medium. The plots of
absorbance at 288 and 351 nm against [IO

3
] are de-

picted in figure 4. The plots, in all %Cl, were linear
beyond 60 but below 120 M at  = 351 nm and
beyond 40 and below 100 M at  = 288 nm with
distinct slopes but passed through the origin. How-
ever, the slope of these plots gradually decreased
from 95.132 and 62.458 to about 75.203 (20.95%)
and 37.783 (39.51%) for 288 and 351 nm bands,
respectively as the %Cl increases from 0 to 6.06,
which has further confirmed both the reaction be-
tween I

3
 and externally added Cl (Eq 3) to give

I
2
Cl and the validity of Eq 6. The coefficients, m

2

of Cl ion were evaluated independently by varying

Cl composition while keeping all other parameters
constant as discussed in the following section.

The lower and upper detection limits for IO
3


determination in chloride medium were dependent
on the Cl composition. The lower limit decreases
withy increase in % of Cl. Concomitantly, the up-
per limit increases with the increase in %Cl. In 6.06
%Cl the lower limit decreased to about 1 M from
0.01 M while the upper detection limit increased
to 80 M from 40 M with respect to 288 nm and
100 mM from 60 mM with respect 351 nm bands,
respectively.

The precision of the method was established by
five replicate determinations of standard IO

3
 solu-

tion in 6.06% Cl- medium. Using 20 M of IO
3
 in

0.1% KI 0.16 N H
2
SO

4
 10% NaCl medium, the

relative standard deviation was calculated to be 3.03
and 0.91% with respect to 288 and 351 nm bands,
respectively.

Figure 4: Calibration plots of [IO
3
] vs Absorbance at (A) 288 nm, (B) 351 nm in a mixture of 0.1% KI

and 0.16 N H
2
SO

4
 with %Cl (a) 0.00, (b) 0.61, (c) 1.82, (d) 3.03, (e) 6.06 at 25C
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Evaluation of the coefficient m
2
 of the chloride

ion on iodate estimation

In order to determine the values of m
2
 appeared

in Eq 6, the absorption spectra of I
3
 were recorded

with different %Cl between 0.6 and 6.1 while keep-
ing [KIO

3
] at 40 M in 0.1% KI and 0.16 N H

2
SO

4

mixture, and the absorbance (Abs
288

, Abs
351

) was plot-
ted against %Cl

T
 (Figure 5). From the slopes of these

plots figure 5(a,b), the values of m
2
 were obtained

as -0.193 and -0.135. Then, Eq 6 describing the IO
3


ion determination by following the bands 288 and
351 nm under present experimental conditions (%Cl

³0) get simplified to Eqs 9 and 10, respectively.
Abs

288
  = 95.132 [IO

3
] - 0.193 [%Cl

T
] [IO

3
] (9)

Abs
351

  = 62.458 [IO
3
] - 0.135 [%Cl

T
] [IO

3
] (10)

ible salts are in the considerable range, hence were
studied for their possible affect on the analysis. A
solution of standard I

3
 solution was prepared while

keeping [KIO
3
] at 40 M in 0.1% KI and 0.16 N

H
2
SO

4
 mixture containing 6.06 %Cl and K+/Ca2+/

Mg2+ species as chloride at the concentration level
normally found in edible sea salts[33]. The observed
data (TABLE 2) indicate that the absorbance at 288
and 351 nm increased by 0.31 and 0.50% in 0.02M
K+ but decreased by 4.06 and 4.38% in 0.02 M Ca2+

and 7.35 and 7.83% in 0.1 M Mg2+, respectively.
These alterations are meager and negligible as com-
pared to those found with the change in %Cl.
Choengchan et al.[20] have found to alter the absor-
bance by these ions to less than  5% at 288 or 351
nm. Thus, it was concluded that these cations ions
present as impurities in the edible salt matrix do not
interfere with the present method even if iodized
salt is used as such without any dilution for iodate
determination.

Determination of iodate in commercial iodized
salts and electrolyzed solution

Six iodized edible salts of some well-known brand
were collected from local market and the iodate con-
tent was determined by the present method. A 10%
solution of each of these salts were prepared and
used. The %Cl present in these 10% salt solutions
was measured. The %Cl was maintained between 6
and 8.5 by adding non-iodized NaCl externally to
the experimental solutions to minimize the errors due
possible variations in the chloride ion. The absor-
bance at 288 and 351 nm and the %Cl

T
 were substi-

tuted in Eq 11, and the composition of IO
3
 present

in the salt samples was then computed. The %Cl in
all 10% solutions and the KIO

3
 composition in all

edible salts thus obtained as the average of three
experiments of three different concentrations are
tabulated in TABLE 1. The KIO

3
 composition in all

salt samples is below the recommended level[1]. In
the case of branded salts, N, A and C, the KIO

3
 level

was near to 50 ppm while in other brands, it was 40
ppm. The low KIO

3
 content in S-branded salt may

be due to its chemical decomposition caused by the
impurities present in the salt. The possible percent-
age of deviation in KIO

3
 content (TABLE 1) esti-

Figure 5: Plots of %Cl vs Absorbance at (a) 288
nm, (b) 351 nm. [IO

3
] = 0.04 mM; KI=0.1% (6.0241

mM); [H
2
SO

4
] = 0.16 N, at 25C. The data fits to

the linear equation y = 0.1934 x + 3.6545, R2=
0.9764 in the case of  288 nm and y = 0.1354x +
2.3962, R2 = 0.9705 nm in the case of 351 nm

Interference of other cations ions in iodate
estimation

The iodized salts are normally produced from
seawater or under ground brines. The most five ions
that are commonly present as impurities in edible
salts of seawater/underground brine are F, Br, K+,
Ca2+ and Mg2+. The concentrations of F and Br are
in the order of 102 � 104 and are too small as com-
pared to Cl and hence their influence on the iodate
determination in iodized salt is considered to be neg-
ligible. On the other hand, the concentrations of K+

(~10-2 M), Ca2+ (~10-2 M) and Mg2+ (~10-1 M) in ed-
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mated by ignoring the Cl content in Eq 11 was near
about 2 less than its actual value. The influence of
K+, Ca2+ and Mg2+ on iodate determination in iodized
salt has been ignored due to their negligible concen-
tration present in the experimental solution.

 
 





T21
3

Cl%mm

Abs
KIO (11)

The KIO
3
 composition in electrolyzed solution

was calculated by substituting the absorbance data
at 288 and 351 nm in Eq 11 assuming %Cl as zero.
The data inscribed in TABLE 1, revealed that %KIO

3

formed under the single pass conditions is nearly
(99.17 and 99.47% with respect to 288 and 351 nm
bands, respectively) complete.

CONCLUSION

A simple and reliable spectrophotometric method

is developed for the determination of IO
3
 in excess

I in the presence and the absence of Cl. The cali-
bration graphs for IO

3
 estimation in 0.1% KI - 0.16

N H
2
SO

4
 medium in the presence of 0 - 6.07% Cl

are determined by following two characteristic ab-
sorption bands of I

3
 at 288 and 351 nm. The influ-

ence of Cl on the determination of IO
3
 is studied

and an empirical equation (Eq 11) for KIO
3
 estima-

tion is proposed. The effect of other cations, K+,
Ca2+ and Mg2+ that are commonly present as impuri-
ties in most of the edible salts, on alteration of the
intensities of absorption bands are investigated. The
precision of the method was established by five rep-
licate determinations of standard IO

3
 solutions. The

relative standard deviation are determined using 20
M and 0.02 M of IO

3
 in 0.1% KI - 0.16 N H

2
SO

4

and 20 M of IO
3
 in 0.1% KI - 0.16 N H

2
SO

4
 - 6.06

%Cl media with respect to 288 and 351 nm bands.
The effect of other cations, K+, Ca2+ and Mg2+ that
are present as common impurities in most of the
edible salts, on alteration of the intensities of ab-
sorption bands are investigated. Further, the KIO

3

composition in different commercial iodized salts
with and without considering Cl effect are also de-
termined and discussed. The KIO

3
 composition in

electrochemically prepared 3%KIO
3
 solution using

a membrane cell is also determined by the present
method.

TABLE 1: Iodate compositions in commercial iodized salts and electrolyzed solution

Source code Manufacture date %Cl  in 10%  
stock 

 
[KIO3] (ppm) considering Cl  

With          Without     %Deviation 

T 10/2005 6.06 
288 
351 

35.79 
35.81 

35.19 
35.17 

1.68 
1.78 

N 12/2005 6.06 
288 
351 

47.14 
46.85 

46.35 
46.02 

1.68 
1.77 

A 11/2005 6.06 
288 
351 

46.24 
46.60 

45.46 
45.76 

1.69 
1.80 

S 10/2005 5.85 
288 
351 

27.06 
28.34 

26.62 
27.85 

1.62 
1.73 

C 9/2005 6.06 
288 
351 

46.17 
46.31 

45.38 
45.47 

1.71 
1.85 

K1 10/2005 6.06 
288 
351 

37.06 
37.66 

36.43 
36.98 

1.73 
1.84 

Electrolyzed 
solution 6/2005 --- 

288 
351 --- 

2.975% 
2.984% 

0.83% 
0.53% 

TABLE 2: %Alteration in the absorbance at 288 and
351 nm band of 40 M IO

3
 in 0.1% KI, 0.16 N H

2
SO

4

and 6.06 %Cl
T
 mixture in the presence of cations

K, Ca2, Mg2.

Cation , nm %Alteration 

K, 0.02 M 
288 
351 

0.31 
0.50 

Ca2, 0.02 M 
288 
351 

4.06 
4.39 

Mg2, 0.10 M 
288 
351 

7.35 
7.83 



Gadde Ramachandraiah and Surendra B.Mehta 65ACAIJ, 3(2-3) October 2006

Full  Paper

An Indian Journal
Analytical CHEMISTRYAnalytical CHEMISTRY

 REFERENCES

[1] J.W.Kimball; The Thyroid and Parathyroids in
Kimball�s Biology Pages, accessed via http://users.
rcn.com/jkimball.ma.ultranet/BiologyPages/T/
Thyroid.html.

[2] Van Nostrand�s; �Scientific Encyclopedia�, ed. D.M.
Considine, Van Nostrand Reinhold, New York, 8th

edn., 1751-1755 (1995).
[3] Ministry of Health and Family Planning, Iodine De-

ficiency Disorders in India, Nutrition and IDD Cell
Report, accessed via http://www.people.virginia.
edu/~jtd/iccidd/mi/idd_075.htm, Oct., (1997).

[4] P.Pongpaew, S.Saowakontha, R.Tungtrongchitr,
U.Mahaweerawat, F.P.Schelp; Nutrition Research,
(New York), 22(1/2), 137-144 (2002).

[5] K.A.McMonigal, L.E.Braverman, J.T.Dunn, J.B.
Stanbury, M.L.Wear, P.B.Hamm, R.L.Sauer, R.D.
Billica, S.LPool; Aviation, Space and Environmental
Medicine, 71(11), 1120-1125 (2000).

[6] S.Muslimatun, R.Gross, D.H.S.Dillon, W.Schultink;
Asia Pacific Journal of Clinical Nutrition, 7(3/4), 211-
216 (1998).

[7] National Academy Press Publications, �Dietary Ref-
erence Intakes for Vitamin A, Vitamin K, Arsenic,
Boron, Chromium, Copper, Iodine, Iron, Manga-
nese, Molybdenum, Nickel, Silicon, Vanadium, and
Zinc�, Institute of Medicine (IOM) Report, accessed
via http://www.iom.edu., (2001).

[8] WHO Geneva, Iodine and Health; Eliminating io-
dine deficiency disorders safely through salt
iodization, World Health Organization, A Statement,
accessed via WHO/NUT/94.4, (1994).

[9] Expert consultation Bangkok, Thailand, Salt iodisation
for the elimination of iodine deficiency. Human Vi-
tamin and Mineral Requirements FAO/WHO joint
re port, accessed via ICCIDD/MI/UNICEF/
WHO, (1995).

[10] A.I.Vogel; �A Text of Quantitative Inorganic Analy-
sis�, ELBS, Longmans, London, 573 (1961).

[11] L.Kosminsky, M.Bertotti; Electroanalysis, 11, 623
(1999).

[12] J.F.Lin; J.Anal.Chem., 363, 706 (1999).
[13] R.G.Dhaneswar, A.V.Kulkarni, L.R.Zarpkar; Analyst,

112, 1073 (1987).
[14] K.Takayanagi, G.T.F.Wong; Talanta, 33, 451-454

(1986).
[15] O.V.Zui, A.V.Terletskaya, J.Fresenius; Anal.Chem.,

351, 212 (1995).
[16] E.H.Larsen, M.B.Ludwigsen; J.Anal.Atom.Spectrom.,

12, 435 (1997).
[17] S.D.Kumar, B.Maiti, P.K.Mathur; Talanta, 53, 701

(2001).
[18] A.A.Ensafi, G.B.Dehaghi; Anal.Sci., 16, 61 (2000).
[19] L.Perring, M.Basic-Dvorzak, D.Andrey; Analyst, 126,

985 (2001).
[20] N.Choengchan, K.Uraisin, K.Choden, W.Veerasai, K.

Grudpan, D.Nacapricha; Talanta, 58, 1195 (2002).
[21] Z.Xie, J.Zhao; Talanta, 63, 339-343 (2004).
[22] J.Jakmunee, K.Grudpan; Anal.Chim.Acta, 438, 299

(2001).
[23] J.Sun, X.Chen, Z.Hu, J.Fresenius; Anal.Chem., 357,

1002 (1997).
[24] (a) P.K.Ghosh, G.Ramachandraiah, V.R.K.S.Susarla,

Sanjay S.Vaghela, Ashok D.Jethva; Indian Patent
1057/DEL/(2000).

(b) P.K.Ghosh, G.Ramachandraiah, V.R.K.S.Susarla,
P.M.Gaur, S.S.Vaghela, S.N.Patel; Indian patent
0479/DEL/(2003).

[25] S.Adimurthy, V.R.K.S.Susarla, M.P.Reddy, G.
Ramachandraiah; Talanta, 67, 891-896 (2005).

[26] N.N.Kazantseva, A.Ernepesova, A.Khodjamamedov,
O.A.Geldyev, B.S.Krumgalz; Anal.Chim.Acta, 456,
105-119 (2002).

[27] D.A.Palmer, R.W.Ramette, R.E.Mester; J.Solut.Chem.,
13, 673 (1984).

[28] C.Herbo, J.Sigalla; Anal.Chim.Acta, 17, 199-207
(1957).

[29] V.Mirceski, R.Gulaboski, F.Scholz; Electrochem.
Communs., 4, 814-819 (2002).

[30] I.G.Dioum, J.Vedel, B.Tremillon; J.Electroanaly.
Chem., 139, 323-328 (1982).

[31] D.L.Cason, N.M.Neumann; J.Am.Chem.Soc., 83,
1822 (1961).

[32] Y.L.Wang, J.C.Nagy, D.W.Margerum; J.Am.Chem.
Soc., 111, 7838 (1989).

[33] S.M.Richardson, H.Y.McSween; �Geochemistry Path-
ways and Process�, Prentice-Hall, New Jersey, 84
(1989).

http://users.
http://www.people.virginia.
http://www.iom.edu.,

