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Abstreat @ The iodide formed stoichiometrically for sulfide by its oxidation with iodate
was extracted as an ion-pair with methylene green into 1, 2-dichloroethane and the extract
was measured spectrophotometrically at 656nm for the determination of sulfide. Hydrogen
sulfide separated from the sample matrix was introduced into a solution containing pH 3.5
acetate buffer and iodate, in which the hydrogen sulfide was completely converted into iod-
ide. A linear calibration graph was obtained over the range 3x1077~1.2x107°M sulfide(0.
0096~0.384ug of 8°"/m/) and the detection limit was 0.0032ug/m/. The apparent molar
absorptivity and a correlation coefficient(r) were 6.7x10" L mole ™' em™' and 0.999, re-
spectively. When applied to the stream water samples, the proposed method gave a rela-
tive standard deviation of 1.59% at 5x 10™"M sulfide level,
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sulfide by its oxidation with iodate. methylene green, separation as hydrogen sulfide from

sample matrix, solvent extraction.

1. Introduction

The determination of sulfide has been fraught
with difficulty because of its instability, particu-
larly when in aqueous solution. Sulfide is suscep-
tible to air-oxidation to form sulfite, thiosulfate,
and sulfate.! Various methods for the determi-
nation of sulfide has been proposed. In the sulfide
ion selective method”’ reported to accurately
measure sulfide concentrations at 10ng/mi{ by
using targeted calibration standards, the response
is notably slow and interfering substances such as
cyanide will produce a high background for low
level determinations. Spectrofluorimetric methods
using an Hg(II)-PBI(2, 2’ -pyridylbenzimidazole)
complex* ° and a Cu( 1 )-HPB{o-(hydroxyphenyl)

6, 7

benzoxazole] complex” ' have been proposed for the
determination of sulfide, in which the fluorescence
intensity of the PBI and HPB liberated by the re-
action of the sulfide with the metal complexes is
measured. These methods suffer from interference
such as thiocyanate, and

by anions cyanide,

thiosulfate which react with the metals. lon
chromatographic methods using ultraviolet detec-
tor' and electrochemical detectors™ " have been de-
veloped for the determination of sulfide. However,
these procedures have been used not in practical
applications but only with synthetic samples.
Other analytical methods such as gas chromatogra-

phic method", polarographic and related electro-

chemical methods™ ", atomic absorption
spectrophotometric method”, and thermometric
titrimetric method” thave been published.

Unfortunately, each method is subject to inter-
ference or sensitivity limitations. The spectropho-
tometric methods using methylene blue" and ethyl-
ene blue' are well known and widely used. But

these methods suffer from the interferences of the

reducing agents such as sulfite, thiosulfate, and iod-
ide. Further, the reaction of sulfide with N,
N-dimethyl-p-phenylenediamine or N, N-diethyl-p-
phenylenediamine does not proceed to stoichio-
metric completion and the temperature has an ef-
fect on the measurement of the methylene blue or
ethylene blue formed. Numerous indirect
spectrophotometric methods using various metal
complexes™®™* have been developed for the determi-
nation of sulfide, which are based on a decrease in
the absorbance of the metal complexes after their
reaction with sulfide. These methods also suffer
from interference by such anions as the thiocyan-
ate, cyanide, and iodide, which react with the
metals. Recently, the methods using thiocyanate
formed from sulfide by its reaction by its oxidation
with iodine®™ and hydrogen peroxide™ in the pres-
ence of cyanide have been proposed. But these
methods are subject to sensitivity limitation or the
interference of cyanide by its oxidation. In this
study, the follwing reaction :

§ +10s+6H" —> S+1 +3H:0 (Eq.1)
was investigated in detail and the conditions under
which the reaction proceeds to stoichiometric com-
established. The iodide

stoichiometrically for sulfide according to Eq. (1)

pletion were formed
was extracted as an ion pair with methylene green
{MG) similar to methylene blue in structure, into
I, 2-dichloroethane, an measured spectrophoto-
metrically at 656nm. We found that sulfide at the
1x10™" mole L' level and the hydrogen sulfide
separated from the sample matrix are quantitat-
ively converted into iodide. The proposed method
has been successfully applied to the determination

of sulfide in stream water samples.
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2. Experimental

2.1. Chemicals and Apparatus

All of chemicals used were of analytical-reagent
grade and were used without further purification.
Doubly distilled water was used in all experiments.
A sulfide solution was prepared from large crystals
of sodium sulfide(NazS - 9H20) using oxyen-free
water. In order to remove trace amounts of
impurities from the surface of the crystals, they
were rapidly washed with water and then dried by
absorption of the water with filter paper. A sulfide
solution(0.01M) was obtained by dissolving about
0.25g of the crystals in 100m! of water. The
solutions was standardized by iodimetric back ti-
tration. Working standard sulfide solutions con-
taining 2x107*M were prepared by appropriate di-
lution. The standard solutions must be used within
30 min of standardization, as the concentration of
sulfide decreases after this time owing to oxidation
by air. An iodide solution{1x10"°M) was prepared
by dissolving 0.166g of potassium iodide in 1L of
water and working standards were used to ascer-
tain the stoichiometric formation of iodide for both
sulfide and hydrogen suifide by their oxidation with
iodate. An iodate solution(1x10""M) was prepared
by dissolving 0.214g of potassium iodate in 1L of
water. A MG solution(1x10 M) was prepared by
dissolving 1.403g of MG(CurHrCIN4Q:S, 65%) in
about 200m/ of water, allowing the mixture to
stand overnight and then diluting it to 250ml.
Working solutions were prepared by appropriate
dilution. Various pH solutions|solutions (pH 1.0~
2.0) from fixed amounts of hydrochloric acid in 0.
2M potassium chloride, acetate buffers(pH 2.5~5.
5) from 1M acetic acid and 1M sodium acetate,
buffers(pH 6.0~7.5) from 0.2ZM pot-
assium dihydrogen phosphate and 0.2M sodium

phosphate

monohydrogen phosphate, and ammonium buffer
(pH (L.¥) from 1M ammonium hydroxide and 1M
ammonium chloride| were prepared to study the ef-

fect of pH for the stoichiometric formation of iod-

Vol. 7, Ne. 3. 1994

ide for both sulfide and hydrogen sulfide.

A Hewlett Packard Model 8452A recording
spectrophotometer with 10mm quartz cells was
used for all absorbance measurements and absorp-
tion spectra. A DMS Model DP-135M pH Meter
was used for pH measurements. The flow rate of
the nitrogen gas was regulated by a Kojima Model
RK 1200 flow meter.

2.2. Procedures

Procedure I(Determination of soluble sulfide)

Place 3m/ of pH 3.5 acetate buffer and lm/ of 1x
107°M iodate in a 50m/ separatory funnel. To this
mixture add 10m/ of a sample solution containing
3x1077~1.2x107°M of sulfide and allow the mix-
ture to stand for 5 min. After adding 1m/ of 1x
10°°M MG and 10m/ of 1, 2-dichloroethane, shake
the funnel for 1 min to extract the ion pair between
MG and iodide. After allowing the mixture for a
given period of time, transfer the organic phase
into a glass stoppered tube and add some anhy-
drous sodium sulfate in order to remove any water
droplets present. Shake the mixture vigorously by
hand untill it becomes transparent and then
measure the absorbance at 656nm against 1,
Z-dichloroethane using 10mm quartz cells.

Procedure [I (Determination of the hydrogen
sulfide liberated from the sample matrix).

Place 3m/ of pH 3.5 acetate buffer, im/ of 1x
107*M in a 50m/
separatory funnel. Then pipet 10m/ of a sample sol-
ution containing 3X107"M~1.2x10"°M of sulfide

iodate, and 8m/ of water

into a 30m/ glass stoppered vessel(D in Fig. 1) and
connect the syringe containing 2m! of 2x10"M
sulfuric acid to the gas dispenser(E in Fig. 1) with
silicon-rubber tubing(C in Fig. 1). Immediately
after adding the sulfuric acid in the syringe to the
sample in the 30m/ vessel, remove the syringe from
the dispenser and bubble nitrogen gas through the

= 1

solution for 5 min at a flow rate of 250m/ min .

This facilitates the complete introduction of the
the absorption

hydrogen sulfide evolved into
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Fig. 1. Evolution-absorption apparatus.
A, 5m/ syringe: B, 2m! of 2x107°M sulfuric acid
C and F, silicone-rubber tubing: D, 30m/ glass
stoppered vessel; F and G, gas dispenser. H, ab-
sorption vessel(50m/ separating funnel)

vessel(H in Fig. 1). Then wash the gas dispenser(G
in Fig. 1) using 2m/ of water and allow the mixture
to stand for 5 min for the stoichiometric formation
of iodide from the absorbed hydrogen sulfide. To
this mixture, add 1m/ of 1 X 10™°M MG and 10m/ of
1, 2-dichloroethane. Shake the funnel for 1 min to
extract the ion pair between MG and iodide. After
allowing the mixture to stand for a given period of
time, transfer the organic phase into a
glass-stoppered tube, remove any water droplets
and measure the absorbance at 656nm against 1,

2-dichloroethane.
3. Results and Discussion

3.1. Absorption spectra

To study the absorption spectra of the ion-pair
between MG and iodide formed for sulfide and hy-
drogen sulfide by their oxidation with iodate, each
aliquot{10m/) of both sulfide and iodide solution
(8x10°M) was added to a solution containing 3m/
of pH 3.5 acetate buffer and lm/ of 1x107*M
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Fig. 2. Absorption spectra of ion pair between MG
and iodide formed by procedure I and II. No. 1, 2, 3,
4, and 5 are from MG, MG and sulfide, MG and iod-
ide formed for sulfide by procedure I and [, and
MG and iodide by procedure I, respectively.

iodate. Then the mixture was treated as described
in procedure I and 10m/ of sulfide(8x 10 °M) was
added into a 30m/ glass stoppered vessel and that
was treated as described in procedure II. As shown
in Fig. 2, the absorption spectra of ion pair between
MG and iodide formed for sulfide and hydrogen
sulfide by their oxidation with iodate in procedure
I and Il were identical with that for standard iod-
ide. Hence the sulfide or hydrogen sulfide evolved
from the converted

sample soultion was

stoichiometrically into iodide according Eq. (1).

3.2. Calibration graphs

A series of standard solutions(10ml) of sulfide
and iodide were treated as described in procedure I.
If sulfide is converted stoichiometrically into iod-
ide according to Eq. (1), the calibration graph for
sulfide should coincide with that for iodide when
plotted in terms of molar concentrations. As shown

in Fig. 3, the formation of iodide for sulfide
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Fig. 3. Calibration graphs for sulfide and iodide.
C, 8% by procedure I : o, 8?7 by pro-
cedure I ; [, I~ by procedure I. .

proceeded to quantitative completion. The cali-
bration graph obatined for sulfide by procedure I
also coincided with that obtained with procedure I
for iodide. These experimental results indicate that
under the conditions of procedure lI, the sulfide
separated as hydrogen sulfide from the sample
matrix is completely converted into iodide, and
that suifide can be selectively determined. The
proposed method showed a linear calibration graph
over the range of concentration from 3x10°7 to L.
2% 107"M(0.0096~0.384ug /m/) of sulfide and the
minimumn detectable amount was found to be 0.
0032ug / m! of sulfide. The apparent molar absorp-
tivity for sulfide at 656nm and a correlation
coefficitent(r) are 6.7x 10*L mole ' ¢m ™' and 0.999,

respectively.

3.3. Effect of pH
The formation of iodide by the oxidation of
sulfide with iodate was found to be affected by the

pH of the reaction solution. To study this effect,
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Fig. 4. Effect of pH on the formation of iodide for
sulfide or hydrogen sulfide (8x107°M) by its oxi-
dation with Each blank was
subtracted from all of the absorbances measured.

iodate. reagent

(O, 8 by procedure I ; &, 8" by procedure I
: [J,8x10"°M I~ by procedure I.

each aliquot(10m/) of both sulfide and iodide sol-
ution(8x107"M) was added to a solution contain-
ing 3m/ of various buffers and 1lm/ of 1x10™°M
iodate. The mixture was treated as described in
procedure 1. As shown in Fig. 4, the absorbance
obtained for sulfide coincided with that for stan-
dard iodide over the pH range 2.5~6.(; the sulfide
was converted stoichiometrically into iodide ac-
cording to Eq. (1). A decrease in absorbance below
pH 2.5 can be attributed to both a partial evoution
of hydrogen sulfide and excess chloride present on
this pH range. which forms an ion-pair with MG. A
decrease in absornance above pH 6.0 is probably
due to the incomplete oxidation of sulfide. The hy-
drogen sulfide evolved from the sample solution in
procedure I was found to be converted quantitat-
ively into iodide over the pH range 3.0~6.0. Hence
the pH of the reaction solution was adjusted to pH

3.5 under the conditions described in both pro-
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cedure [ and II.

3.4. Effect of the amount of iodate

Iodate was used as an oxidizing agent for sulfide,
when the iodide was obtained stoichiometrically for
sulfide by its oxidation with iodate. To establish
the optimum amount of iodate required for the
stoichiometric formation of iodide for sulfide, each
aliquot(10m/) of both sulfide and iodide(1.2Xx
107°M) was added to a solution containing 1m/ ali-
quot of 107, 2x107%, 5x107* and 1x10"*M iodated
solutions was used to oxidize sulfide in the
solutions over the pH range 2.5~6.0 and the mix-
ture was treated as described in procedure I. As
shown in Fig. 5, when lm/ solution of 1x10 ‘M
iodate was employed, the formation of iodide for
sulfide did not proceed to completion, even after 60
min, owing to the insufficient amount of iodate be-
ing available. However, the absorbance for sulfide
using 1m/ each of 2x107% 5107 and 1x107°M
iodate reached that for iodide in 20, 10 and 3 min,

respectively. Hence a lm/ volume of 1x10 "M
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Fig. 5. Effect of the amount of iodate on the forma-
tion of iodide for sulfide (1.2x107°M) by its oxi-
dation with iodate.
O, 8 with lm/ of 107*M 105 ; &, §° with
Im/ of 2x107*M 103~ : [, $° with 1m/ of 5x
10°'M 10:™ ; @, 8° with Im/ of 10°” : &, 1.2x
107°M I~ with Im{ of 105",

iodate was used and the formation reaction of iod-
ide for sulfide was run for 5 min as described in

procedure I.

3.5. Evolution of hydrogen sulfide

In procedure II, it was attempted to separate
from the sample matrix in the form of hydrogen
sulfide and then to convert into iodide according to
Eq. (1). various amounts of sulfuric acid were
added to a 30m/ glass stoppered vessel (D in Fig. 1)
containing to 10m/ of sulfide salution(1.2x 107 °M)
using a syringe (A in Fig. 1). Nitrogen gas was
then bubbled through the solution at a flow rate of
250m/ min~". This facilitated both the evolution of
hydrogen sulfide from the mixture and its sub-
sequent introduction into the solution in the 50m!
separating funnel ( H in Fig. 1). which contained
3m/ of pH 3.5 acetate buffer, Im/ of 1x107°M
iodate, and 8m/ of water.

The complete formation of iodide for the hydro-

gen sulfide evolved was not achieved, even after

12}
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Fig. 6. Effect of the amount of sulfuric acid on the
evolution of hydrogen sulfide from the sulfide sol-
ution(1.2x1 °M).
O, 2m/ addition of 2x107*M) : A, 2m/ addition
of 5x107*M : [, 2m!/ addition of 107°M : @,
2m/ addition of 2x107°M : M, expected value(l.
2%107°M 1 °) by procedure | .
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20min, when 2m/ of 2X107*M sulfuric acid solution ume of 2x107°M sulfuric acid was used and nitro-

was employed. But the complete formation was gen gas was bubbled through the solution for 5min
achieved in 10, 3 and 3min, respectively when each  at a flow rate of 250m{ min !, as described in pro-
2m/ aliquot of 5%107*M, 1x107*M, and 2x10"°M cedure II.

sulfuric acid solutions was added. Hence a 2m/ vol-

Table 1. Effect of foreign ions on the determination of sulfide

Procedure [ (S, ug) Procedure 11(S*", pug)
Ions Amount, ug
Added Found  Error(%) Added Found  Error(%)

NH.* 10,000 3.20 3.10 ~3.1 3.20 3.25 +1.6
Na* 10,000 3.20 3.08 -3.7 3.20 3.28 +2.5
K* 10,000 3.20 3.15 ~1.6 3.20 3.26 +1.9
Mg*t 10,000 3.20 3.08 ~3.7 3.20 3.25 +1.6
Ca®* 10,000 3.20 3.12 ~2.5 3.20 3.18 —0.6
Ba®t 10,000 3.20 3.15 -1.6 3.20 3.25 +L.6
Zn** 100 3.20 3.05 —4.7 3.20 3.15 -6
1,000 3.20 3.15@ -2.5 3.20 2.93 -8.4
Ni®* 100 3.20 3.00 -6.2 3.20 3.02 5.6
1,000 3.20 315@ -1.6 3.20 2.88 -10.0

ALY 1,000 3.20 2.88 -10.0 - - -
10,000 3.20 3.12@ -2.5 3.20 3.15 ~1.6

Mn?* 100 3.20 3.15 -1.6 - -
1,000 3.20 2.98 -6.9 3.20 3.12 -2.5
Fe™ 100 3.20 3.05 -4.7 3.20 3.12 -2.5
Cu®* 10 3.20 0.75 ~76.6 3.20 0.88 -72.5

1,000 3.20 3.05@ —4.7 3.20 - -

cl 1,000 3.20 3.28 +2.5 - - -
10,000 3.20 4.38 +36.9 3.20 3.30 +3.1

Br~ 100 3.20 3.45 +7.8 - - -
10,000 3,20 - - 3.20 3.18 0.6

1 10 3.20 4.58 +51.6 - - -
1,000 3.20 : - 3.20 3.15 ~1.6
S04* 10,000 3.20 3.15 ~1.6 3.20 3.18 0.6

NOs* 100 3.20 3.58 +11.9 - - -
10,000 - - 3.20 3.15 -1.6

S:04° 10 3.20 4.25 +32.2 - — -
10,000 - 3.20 3.24 +1.3

HSOs 10 3.20 3.95 +23.4 - - -
10,000 - 3.20 3.95 +1.6

SCN 10 3.20 5.25 +64.1 - - -
10,000 3.20 - 3.20 3.15 -1.6
HCO: 10,000 3.20 3.18 0.6 3.20 3.15 -1.6
Cos* 10,000 3.20 3.26 +1.9 3.20 3.12 -2.5
H:PO. 10,000 3.20 3.28 +2.5 3.20 3.18 —0.6
CeO:” 10,000 3.20 3.30 +3.1 3.20 3.26 +1.9
CN 10,000 3.20 3.28 +2.5 3.20 3.25 +1.6

@ : A 2ml solution of 0.2M EDTA was added.
Vol. 7, No. 3, 1994
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3.6. Effect of foreign ions

A 10m/ solution containing 3.2ug of sulfide (1X
1075) and various amounts of foreign ions was
treated as described in procedure I and [I. The
results are given in Tabel 1. The interferences from
anions such as chloride, bromide, iodide, nitrate,
thiosulfate, bisulfite, and thiocyanates in procedure
1 could be eliminated by separating the sulfide off
as hydrogen sulfide, as in procedure II. However,
Cu(1Il) that forms extremely insoluble sulfide gave
strong interference, even in procedure . In pro-
cedure I, the interferences of Zn( 1)}, Ni(1ll), Fe
(I and Cu(1l) could be eliminated to a cer-
tain extent by masking them with EDTA.

3.7. Application to stream water samples

The proposed method was applied to the de-
termination of sulfide in stream water samples.
Potential matrix interference from unknown

species in real samples were investigated by

adding amount of sulfide to stream water
samples and then treating the mixtures as de-
scribed in procedure I and II. The results are
given in Thble 2. The sulfide contents in the
original samples A, B, C and D were deter-
mined as being 0.84, 1.3, 3.75, 5.25 ppm (by
procedure 1), and 0.75, 0.96, 1.9 and 4.1 ppm
(by procedure II ), respectively, using the stan-
dard addition method. The higher sulfide con-
tents obtained by procedure 1 can probably be
caused by nitrate, chloride, iodide, or thiocyan-
ate which forms the ion-pair with MG. Pro-
cedure | gave much lower recoveries for
samples B, C and D due to serious matrix
interferences. However, the recoveries obtained
by procedure II, in which the sulfide was
separated as hydrogen sulfide, ranged from 89.1
to 102.5 with an average of 94.7%. The pre-
cision of the proposed method(procedure II)
was based on 9 replicate analyses of 10m/ ali-

Tuble 2. Recovery of sulfide in stream water samples by standard addition method.

Smaple S added, g Procedure I (S°7, ug) Procedure [1(8*7, ug)
Found Recovery(%) Found Recovery(%5)
Sapmle A® - 1.68 - 1.50 -
0.64 2.37 102.2 2.19 102.3
1.60 3.21 97.9 3.03 97.7
3.20 4.93 101.0 4.82 102.6
Sapmle A - 0.65 - 0.48 -
0.64 1.10 85.3 1.04 92.9
1.60 1.82 80.9 2.00 96.1
3.20 3.19 82.9 3.37 91.6
Sapmle C° - 0.75 - 0.38 -
0.64 1.22 87.8 0.94 92.2
1.60 1.93 82.1 1.81 91.4
3.20 3.12 79.0 3.19 89.1
Sapmle D° - 1.05 - 0.82 -
0.64 1.39 82.2 1.34 91.8
1.60 2.33 87.9 2.27 93.8
3.20 3.81 89.6 3.82 95.0

The a, b and ¢ were diluted to 5-fold, 20fold and 50-fold the original vollume, respectively.
Sample A, Ongpo stream : Sample B, Han stream : Sample C, Byungmun stream ; Sample D, Sanji stream.

Journal of the Korean Society of Analytical Sciences
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quot of sample A diluted to 5-fold, to which a
known amount of sulfide (1.6ug) has been
added. The mean value of the sulfide found was
1.57ug with a standard deviation of 0.025ug
and a relative standard deviation of 1.59%.
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