
Analytica Chimicu Ada, 252 (1991) 115-119 
Elsevier Science Publishers B.V., Amsterdam 

Spectrophotometric determination of traces of iodide by 
liquid-liquid extraction of Brilliant Green-iodide ion pair 

Shahida B. Niazi * and Mohammad Mozammil 
Department of Che,d.sr;ty. Bahauddin Zakariya University, Multan 60800 (Pakisfan) 

(Received 5th April 1991) 

Abstract 

Iodide in natural waters at the 10e6 M level is determined spectrophotometrically as the Brilliant Green-iodide ion 
pair. Iodide is first oxidized to iodine with hydrogen peroxide-sulphuric acid to separate it from other chemical species 
and extracted into carbon tetrachloride. It is then extracted back into aqueous medium by its reduction with sodium 
thiosulphate and stabilized as the ion pair with Brilliant Green. At pH 7 the ion pair is extracted into chloroform and 
the absorbance is measured at 625 nm against chloroform. A linear calibration graph is obtained over the range 
5 x lo-’ - 3.5 x lo-’ M iodide with a relative standard deviation of 0.38% at the 2 x 10U6 M iodide level. The 
apparent molar absorptivity for iodide is 3.0 X lo5 l mol-’ cm-‘. 
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Iodide (and also iodine and iodate) in waters 
can be determined spectrophotometrically by re- 
action of iodate with p-aminophenol [l] and by 
the alkaline ash method [2]. Procedures based on 
the catalytic effects of iodide on the reactions 
between cerium(IV) and arsenic(II1) [3] and be- 
tween thiocyanate and nitrite ions [4,5] and on the 
substitution reaction of the mercury-4-(2-pyri- 
dylazo)resorcinol complex with 1,2-cyclohexane- 
diamine-N, N, N ‘, N’-tetracetic acid [6] have been 
reported for sea, drinking and rain waters. 

Iodide in natural waters has also been de- 
termined spectrophotometrically by forming its 
ion pair with Methylene Blue (MB) and its subse- 
quent extraction [7]. Like MB, Brilliant Green 
(BG) is an important spectrophotometric reagent 
for many metals such as Li, Ni, Cr, Ag, Hg, Ga 
and Sb owing to the formation of coloured com- 
plexes [8]. It is also used as an ion-pairing reagent 
[9] for anions such as perchlorate [lo]. 

samples is first oxidized and the iodine liberated is 
extracted into the organic layer, which is then 
back-extracted into the aqueous phase. Finally, it 
is extracted into chloroform as the BG-iodide ion 
pair. The propoSed method is equally sensitive as 
the MB-iodide method [7]. 

EXPERIMENTAL 

Apparatus 
All absorbance measurements were made on a 

Perk&Elmer Lambda 3B spectrdphotometer. 
Matched pairs of lo-mm glass cells were used. 
throughout. A Corning pH meter with a combined 
glass electrode was used for pH measurements. 

Reagents and solutions 

In the method described here, iodide is de- 
termined as the BG-iodide ion pair. Iodide in 

Iodide solution (0.1 M) tias prepared from 
potassium iodide (Merck) and standarized by 
Volhard’s method [lla]. Hydrogen peroxide (3 M) 
was prepared from the commercial 30% solution 
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with appropriate dilution and standarization with 
thiosulphate [llb]. Thiosulphate solution (0.1 M) 
was prepared from Na,S,O, - S-l,0 (Merck) and 
Sttindaiized with potassium ‘iodate and stabilized 
with 0.1 g 1-l sodium carbonate [llc]. Buffer 
solution of pH 7.0 was prepared by mixing 75.8 
ml of 0.1 M NaOH and iO0 ml of 0.1 M NaH,PO,. 
Other buffers were prepared by &ting ap- 
propriate volumes of 0.1 M CH,COOH and 0.1 M 
CH,,COONa and 0.1 M NaOH and NaH,PO,. A 
0.01 M aqueous solution of BG (C,,H,,N,O,S) 
(Merck; dye content 96%; MW 482.64) was pre- 
pared weekly by dissolving 5.028 g in 1 1 of water 
and stored in an amber-glass bottle. The dye was 
used without further purification. Deionized water 
was used throughout. 

Procedtire 
A 40-ml sample solution containing up to 2 X 

10s6 M iodide is placed in a lOO-ml separating 
funnel and 1 ml of 14 M HzSO, and 1 ml of 3 M 
H,O, are added and mixed well for at least 5 ruin 
to allow the oxidation of iodide to occur. Carbon 
tetrachloride (10 ml) is added and the funnel 
shaken for 1 min to extract the iodine formed. The 
organic phase is transferred into a 50-ml separat- 
ing funnel and 5 ml of 1 X 10m4 M sodium thio- 
sulphate solution are added and mixed thoroughly 
for 1 mm to back-extract the iodine into the 
aqueous phase, After isolating the aqueous phase, 

-l- ml of pH 7 -buffer solution; 0.5 ml of 3 X 10m3 
M BG solution and 10 ml of chloroform are added 
and the funnel is shaken for 1 min to extract the 
BG-iodide ion pai.r. The organic phase is trans- 
ferred into a glass-stoppered tube and 1 g of 
anhydrous sodium sulphate is added. The contents 
are thoroughly mixed until any remaining water 
droplets have been removed and it becomes clear. 
The .absorbance is measured at 625 nm against 
chioroform. 

RESULTS AND DISCUSSION 

Choice of solvent and absorption spectrum 
The BG-iodide ion pair was extracted with a 

variety of organic solvents. The observed order of 
absorbance was: 1,2-dichloroethane > chloroform 
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Fig. 1. Absorption spectra. Conditions as given under Proce- 

dure. (A) BG-iodide ion pair (40 ml of 2 X 10m6 M iodide) atid 
(B) reagent blank. 

> benzene > carbon tetrachloride. Chloroform, 
however, was chosen because it showed better 
phase separation. 

Absorption spectra of the BG-iodide ion pair 
and a reagent blank are shown in Fig. 1. The 
maximum difference in absorbance is at 625 nm. 
The X max was found to be independent of various 
environments of the aqueous system under study. 

Effect of pH on the extraction of BGGiodide 
To adjust the pH in the aqueous phase for the 

extraction of the ion pair into chloroform, 1 ml of 
buffer solution with pH ranging from 3.0 to 9.0 
were examined and the absorption of the ex- 
tracted ion pair was measured. Figure 2 shows the 
pH vs. absorbance plots. The absorbances of the 
reagent blank and the ion pair gradually decrease 
with increase in pH, the former being more af- 
fected. Higher absorbance values of the reagent 
blank at pH 3.0-5.0 are associated with the BG- 
hydrogenthiosulphate ion pair, w‘hich is thought to 
be extracted into the organic layer because much 
lower absorbance values were observed for a 
thiosulphate-free reagent blank. HOwever, in the 
pH range 6.0-9.0 the absorbance of the BG-iodide 
ion pair is constant and much higher than that of 
the reagent blank. Therefore, pH 7.0 was main- 



DETERMINATION OF IODIDE IN NATURAL WATERS 

I 
I I I I I I 

3.0 4.0 5.0 6.0 7.0 8.0 9.0 

PH 

Fig. 2. Effect of pH on the extiaction of ion pair. (A) Reagent 
bfank and (B) 2.0~ 10m6 M iodide (reagent blank subtracted). 

tained in aqueous solutions, as described under 
Procedure, which is similar to the value used for 
the MB-iodide 171 and BG-perchlorate [lo] ion 
pairs. 

Effect of concentration of Brilliant Green 
The effect of concentration of BG on the ex- 

traction of the BG-iodide ion pair is shown in 
Fig. 3. The absorbance of the reagent blank and 
the BG-iodide ion pair shows a fairly gradual 
increase with increase in concentration of BG and 
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reaches a tiaximtim at 3.0 x 10e3 M BG. Above 
this concentration the absorbance remains almost 
constant, with much higher values for ihe ion @air. 
Therefore, 0.5 ml of 3 X 10m3 M BG was chosen 
as the optimum in the procedure. 

Back-extraction crf iodiize into the aqueous phase 
To establish the optimum concentration of 

thiosulphate to back-extract iodide from the 
carbon tetrachloride phase into the aqueous phase, 
several 5ml portions of thiosulphate solutions of 
different concentrations (0.25 x 10S4-2.0 X 10B4 
M) were added arid mixed thoroughly for 1 min. 
Complete back-extraction of iodide into the aque- 
ous phase was obtained with 5 ml of 1 X 10B4 M 
thiosulphate solution. 

Composition of extracied iofl pair 
The composition of the ion pair was established 

by Job’s method. Maintaining the concentration 
and order of addition of reagents as described 
under Procedure, a series of 5-ml solutions con- 
taining various molar ratios. of BG and iotiide 
were prepared from 1 X 10T4 M iodide tind BG 
solutions. The absorbances of the extracted ion 
pairs were measured at three arbitrarily chosen 
wavelengths (600, 625 and 650 nm) and plotted 
against mole fraction. The resulting curves in Fig. 
4 were improved after applying a correction foi 
absorbance values for sojxtions containing excess 
of BG in the region where the BG mole fraction is 

Fig. 3. Effect of concentration of BG on the absorbance of ion 
pair. BG solution = 0.5 ml. (A) Reagent blank and (B) 2 X 10m6 
M iodide (reagent blank subtracted). 
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Fig. 4. Job’s plot to establish the composition of extiacied 
BG-iodide ion pair by continuous variation. iBG+]+[I- ] = 
1~10-~ M. 
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> 0.5; Maximum absorption was observed at a 
BG : iodide mole ratio of 1 : 1. This suggests that 
the single ion pair species extracted into chloro- 
form has 1 : 1 stoichiometry under the conditions 
used. 

Jhtraction efficie+y 
Multiple. extractions were performed on two 

different sets containing a 40-ml aliquot of blank 
(water) and 2 X 10 -6 M iodide soluiion as stated 
under Procedui-e by shaking for 1 min with succes- 
sive lo-ml portions of chloroform. The absorbance 
of each extracted organic layer was measured at 
625~ nm against chloroform. The absorbances of 
the sixth extract for the reagent blank and iodide 
showed a negligible difference of 0.02, indicating 
complete recovery of iodide after five successive 
extractions with lo-ml portions of solvent. How- 
ever, procedural problems and a decrease in sensi- 
tivity due to the increase in volume of the organic 
solvent make it undesirable to adopt five extrac- 
tions. As the iodide recovery in a single extraction 
is 85%, only one extraction with 10 ml of chloro- 
form is considered sufficient. 

Calibration and precision 

lonb Added as Amount Iodide Error 
salt added found (5%) 

(mg) n (fig) 

None - 10.16 - 
NI-IZ Suiphate 10 9.91 - 2.50 
CU2” Sulphate 10 10.41 2.46 
P; + Nitrate 0.001 9.41 - 10.03 

Hg’+ Chloride 0.001 9.25 - 8.96 
Fe*+ Ammonium 10 8.76 - 13.75 

suiphate 
1 10.06 - 1.00 

Fe3 ’ Ammonium 10 9.15 - 9.40 
sulphate 

1 9.96 - 1.97 
Elr- Potassium 1 6.85 - 32.5 
CD.; Potassium 10 10.54 3.75 

1 10.20 0.39 
BrO; Potassium 10 3.50 - 65.27 
IO,- Potassium 1 9.91 -’ 2.50 

0.1 12.60 :!4.01 
SCN - Ammonium 0.1 7.06 - 30.55 
S2- Sodium 0.01 5.59 - 45.00 
Citrate Sodium 10 9.91 -2.5 

’ In 40 ml of sample solution. b K+, Na+, Mg2+, Zn2+, Cd2+. 
Mn2+, F-, Ci-, NO;, NO;, SOi- and C20z- did not 
interfere at levels up to 10 mg ( Q 2% error). 

Calibration graphs obtained for 40- and l&ml 
solutions containing 0.02-0.16 pmol of iodide were 
linear up to 3 X 10m6 and 3.5 X low6 M, respec- 
tively. The apparent molar absorptivity for iodide 
at 625 n.m is 3.00 X lo5 1 mol-’ cm-‘, which is 
comparable to the reported value for the MB- 
iodide ion pair [7]. The reproducibility (relative 
standard deviation of ten determinations) for a 
40-ml aliquot of 2 X 10m6 M (0.08 pmol) iodide 
was’O.38%,. The extent of extraction of iodine into 
carbon tetrachloride for 40- and lo-ml iodide 
solutions was about 92 and 95%, respectively. 

(> 3% change in absorbance) were Br?; (> 1 
mg), Br- and ClO; (1 mg), SCN- and IO, (0.1 
mg) and S2- (0.01 mg). A variety of reported 
interfering anions including halates (BrO;, ClO; 
below 1 mg), halides (F’, Cl- up to 10 mg) and 
NO;, NO, and C,Oi- (up to 10 rug) arc 
tolerated. Most cations did not interfere and could 
be tolerated up to 10 mg, with the exception of 
Pe(I1) and Fe(II1) (1 mg). Ag+ and HgZf inter- 
fered severely. 

!n terferen ces 
Possible interferences of various ions were 

checked in the determination of 10.16 pg of iodide 
contained in a 40-ml aliquot following the de- 

’ .--scribed procedure. The results are summarized in 
Table 1. Positive errors are due to the formation 
of. extractable ion pairs and negative errors are 
related to the reaction of the respective species 
with I,; The anions that interfered significantly 

Determination of iodides in natural waters 
The proposed method was applied to the de- 

termination of iodides in three natural water sam- 
ples collected from North West Frontier Province 
(Pakistan). A lo-ml aliquot of sample was treated 
with 1 ml of 4 M H2S04 and 4 ml of 0.7 M H202; 
mixed and set aside for 10 min to allow the iodide 
to be oxidized. After extracting iodine into Ccl,, 
it was back-extracted into the aqueous phase with 
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TABLE 1 

Effect of foreign ions on the determination of 10.16 :tg of 
iodide ion n 
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TABLE 2 

Recovery of iodide in natural water sampies by the proposed 
method 

Sample Iodide (pg) 

Added Found as Found in Found as 
BG-I ion sample MB-I ion 

pair pair f7] 

Kagan (A) - 2.54 2.54 2.53 
5.00 7.52 2.52 - 

Ayoubia (B) - 3.55 3.55 3.57 
5.00 8.56 3.56 - 

Mangora (C) - 3.25 3.25 3.30 
5.00 8.26 3.26 - 

sodium thiosulphate as described under Proce- 
dure. The iodide was extracted into CHC13 as the 
BG-iodide ion pair. For accurate measurements a 
known amount of iodide was added to natural 
water samples. The proposed method was com- 
pared with MB-iodide method [7]. The results are 
given in Table 2. 

The mean amount found in sample A was 2.53 
I_L~ with a relative standard deviation of 0.3% for 
five determinations. The proposed meth.od is 

equally sensitive and selective as the MB-iodide 
method [7]. 
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