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Iodimetric Titration of Sulfur Compounds
in Alkaline Medium
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The possibilities of application of iodine as a titrant in determination of sulfur compounds
have been presented. The influence of the reaction medium, the nature of compounds, and
the thiol�thione tautomerism on the reaction stoichiometry of sulfur compounds with
iodine has been discussed. The conditions of volumetric titration with visual and potentio-
metric end-point detection and coulometric titration with biamperometric end-point detec-
tion have been described. The advantages of the applied analytical techniques in the deter-
mination of selected sulfur compounds in farmaceutical preparations have been presented.

Przedstawiono mo¿liwo�ci zastosowania jodu jako titrantu do oznaczania zwi¹zków siarki.
Omówiono wp³yw �rodowiska reakcji, budowy cz¹steczki zwi¹zku oraz tautomerii tiol�tion
na stechiometriê reakcji zwi¹zku siarki z jodem. Opisano warunki zastosowania miareczko-
wania objêto�ciowego z wizualn¹ i potencjometryczn¹ detekcj¹ punktu koñcowego, a tak¿e
miareczkowania kulometrycznego z biamperometryczn¹ detekcj¹ punktu koñcowego. Przed-
stawiono zalety stosowanych technik analitycznych do oznaczania wybranych zwi¹zków
siarki w preparatach farmaceutycznych.
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Iodine is one of the most popular reagents in a chemical analysis. In iodometry, it
is used as a titrant in a direct titration, as well as in the indirect titration, which is
based on the reaction between strong oxidizing agents and a large excess of iodide
ions to produce iodine in the amount equivalent to the analyte. Iodine is subsequently
titrated with a standard solution of a reducing agent [1].

Conditions in the solution play an important role during iodimetric reaction. To
perform fast and complete reaction of the oxidants of relatively low reduction poten-
tial (e.g. sodium thiosulfate, hydrogen sulfide), acidic solution of iodine must be
used. However, to oxidize weak reducing agents (arsenic(III) or antimonium(III) ions)
with iodine, either neutral or alkaline medium is required.

Normal redox potential of the reversible I2/I� couple is 0.535 V. This value is
independent of the solution pH up to pH 9. At higher pH, iodine reacts with hydro-
xide ions to produce iodide and iodate(I) ions.

Volatility of iodine significantly hinders iodimetric titration. However, loss of
iodine decreases considerably when titration is performed swiftly, at low tempera-
ture, and in a conical flask with a glass stopper. Another way to prevent evaporation
of iodine is to add potassium iodide to the iodine solution. In the presence of potas-
sium iodide solubility of iodine in water increases due to the formation triiodide ions.
Equilibrium of this reaction is favourably shifted to the right. Finally, triiodide ions
instead of iodine become the reactive species.

The equation below describes oxidation of iodide ions by atmospheric oxygen in
acidic solution:

4I� + O2 + 4H+ ® 2I2 + 2H2O
It is recommended to perform titration in a shadowed place. Also the solution

ought to be stored in dark-glass bottles. The reason for this action is to eliminate side
reaction catalyzed by strong light and certain ions, for instance copper(II). Another
factor that influences oxidation is pH of the reaction media. According to the general
rule, reaction rate increases at lower pH. Therefore, reaction between iodide ions and
oxygen is negligible in neutral conditions while in alkaline media is completely hin-
dered.

To overcome the above obstacles, it is suggested to apply standard solution of
potassium iodate(V) with a slight excess of potassium iodide as a titrant. Under strong
acidic conditions, the below reaction proceeds [2]:

IO3
� + 5I� + 6H+ ® 3I2 + 3H2O

in which iodine acts as an actual agent. The obvious advantage of this method is that
the quantity of iodine in the titration is known and one uses standardized strong acidic
solution.

(1)

(2)
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There are numerous end-point detection techniques in iodimetric titration. It is
observed that even a small drop of 0.05 mol L�1 iodine solution added to 100 mL of
water causes the colour changes into pale-yellow. If more iodine solution is added,
the mixture becomes brown. If some organic solvents, for example chloroform or
carbon tetrachloride, are a part of a reaction medium, purple colour is obtained. Appli-
cation of colloidal adsorbate-type indicators strengthens the titration sensitivity. The
most widely used indicator of this type is starch. The presence of iodide ions enables
formation of blue iodine-starch complex. This colour is a result of adsorption of
triiodide ions onto colloidal macromolecules of starch. Starch is a very popular indi-
cator in iodometry since it provides evident colour change. However, sensitivity of
this colour reaction decreases at high temperature, in the presence of organic solvent,
and at low pH due to hydrolysis of starch. Starch is insoluble in cold water, so only
fresh solutions should be used. It is suggested to apply starch solution just before the
end-point as the obtained suspension is unstable and also due to solubility of starch-
-iodine complex in water. There is a risk of positive errors in determinations when
diluted solutions are used. To improve performance of starch in the solution, sodium
starch glycollate is used instead. Then, in the presence of relatively high concentra-
tion of iodine, green coloured mixture turns to blue when end-point is reached.

Colloidally dispersed compounds, like xanthone, flavone, thioflavone and a-py-
rone derivatives, inorganic salts of lanthanide basic acetates, coumarin, and acetylcou-
marin form a blue complex with iodine [3]. Then, methylene blue and variamine blue
can be applied as end-point indicators redox agents. There is a wide range of end-
-point detection methods in iodimetric titration based on potentiometric, amperometric,
biamperometric, or spectrophotometric (detection of triiodide or starch-iodine is per-
formed at 350 and 520 nm, respectively) techniques. Also coulometric titration with
iodine is widely used and conditions for generating iodine have been described [4].

Thiols are one of the most important compounds used in various areas of industry
and technology, e.g. as corrosion inhibitors. Some of them are employed for the drug
preparation, photographic emulsions and developers, and lithographic plate mate-
rials. Thiols also find various applications in medicine. Thioamides (thiouracils and
methylthioimidazole) have potential application in hyperthyroidism (Grave�s disease)
[5, 6, 7]. 6-Mercaptopurine (purinethiol) [5] and 2-thioguanine [8] belong to cyto-
toxic antimetabolites, which are used to treat leukemia and Crohn�s disease. Thio-
pental is an ultrashort-acting intravenous anaesthetic [9] frequently used in the treat-
ment of intensive care patients suffering from severe head injuries and in the treat-
ment of intracranial hypertension [10].
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STOICHIOMETRY OF IODIMETRIC TITRATION IN ACIDIC
AND NEUTRAL MEDIA

In this study, a number of electrons transferred in a single reaction (z) was used as
an indication of reaction ratio for iodine and thiols.

Titration of thiols with iodine in acidic or neutral medium proceeds according to
the following stoichiometry:

2RSH + I2 D RS-SR + 2HI
Satisfactory results of the determination were obtained in volumetric titration of

2-mercaptopyridine (within pH range 6.0�7.5) [11], 2-mercaptopyridine N-oxide
(within pH range 5.0�8.0) [11], 2-mercaptopyrimidine (within pH range 6.5�7.0)
[12], 2-mercapto-4-methylpyrimidine (within pH range 2.5�6.5) [12], 4,6-dimethyl-
-2-mercaptopyrimidine (within pH range 2.0�8.0) [12], and 2-thiocytosine (within
pH range 6.5�8.0) [13] using iodine solution as a titrant in acidic and neutral media.
Iodimetric titration of 2-mercaptobenzimidazole (within pH range 6.8�7.1) [14] and
thioglycolic acid (in hydrochloric acid solution 1:3) [15] with starch as an end-point
indicator have been also reported. However, the reaction rate between thiol and io-
dine is rather low and thus the procedure had to be modified and applied as an �indi-
rect method�. The sample was titrated with iodine till the suspension turned blue and
the consumed volume of titrant was measured. Then, a small excess of iodine was
added and immediately back-titrated with sodium thiosulfate solution. In the propo-
sed method, pH has to be carefully controlled. Determination of 2-mercaptobenzo-
thiazole using iodine as a titrant has been also performed [16]. However, the reaction
rate was slow again and titration was conducted in non-aqueous medium.

Coulometric titration belongs to the most precise analytical methods. In order to
fully utilize its advantages, it is necessary to have a properly designed electrolytical
cell to guarantee 100% electrolysis efficiency and ensure sufficiently fast titration
reaction rate, as well as to apply suitable end-point detection system [17].

Thioglycolic acid [18�21], 2-mercaptobenzothiazole [22], cysteine, 2-thiouracil,
6-mercaptopurine and 2-thioguanine [23], 2-mercaptoethanol, 1-mercaptoheptan,
4-methylbenzenethiol, and 2-mercaptobenzoic acid [21] were titrated coulometrically
with the generated iodine. The possibilities of biamperometric [19�21, 24], potentio-
metric [21] and photometric [20] end-point detection in coulometric titrations have
been studied. Further research has shown the improvement of results when special
design of electrolysis cell (e.g. with integrated injection valve [20]) and non-aqueous
media [21, 25] were applied. In order to overcome the problem of the low rate of
iodimetric titration, discontinuous generation of iodine (especially close to the end-
-point of titration) has been proposed. Another solution to this problem was to gene-

(3)
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rate 90% of the reagent followed by the addition of the analyte and further titration
with either continuous or discontinuous generation of the titrant [21].

A neutral molecule of mercaptopyridine and mercaptopyrimidine can be con-
verted into two different forms depending on pH value:

Both forms can participate in the oxidation reaction [26, 27]:

Mercaptopyridines and mercaptopyridine anions can react with iodine according
to the equation:

In equations (5)�(7), the same intermediate is created, which can participate in
the next step:

(4)
6

1
+

6

1

+

>�@����������������������������>�@

6

1
+

6�

1
+

, 6 ,

1,
� �+�

>�@���������������������������>�@��������������������������������>�@

(5)

6

1

+ 6

1

,

,
�

>�@�����������������������������>�@

(6)

(7)
6

1+
�

,

1+

6� ,

1+

6

,
�

>�@�����������������������������>�@���������������������������������>�@�

�



658 W. Ciesielski and R. Zakrzewski

The presence of heteroatom in the aromatic ring induces an increase of the mobi-
lity of delocalized electrons. Specifically, the presence of nitrogen atom in the aroma-
tic ring delocalize p-electrons and increases activation energy. For this reason, 2-mer-
captopyrimidine reacts with iodine in acidic medium in a narrower pH range than 2-mer-
captopyridine. The pH ranges corresponding to 2-mercaptopyridine and 2-mercaptopy-
rimidine are 6.0�7.5 and 6.5�7.0, respectively [11, 12]. Tautomeric thione/thiol equi-
librium of 2-mercaptopyridine is shifted towards the thione form. 2-Mercaptopyridine
N-oxide exists only in the thiol form and it reacts stoichiometrically with iodine in
either acidic or neutral medium, thus in a wider pH range. Accordingly, the thiol/
thione transition hampers reaction (4). The pH ranges, where reaction (3) runs stoi-
chiometrically, are 6.5�7.0 and 5.0�8.0 for 2-mercaptopyridine and 2-mercaptopyridine
N-oxide, respectively [11]. The presence of �OH or �COOH group in 2-mercaptopi-
rydine ring decreases the rate of reaction with iodine in acidic and neutral media. This
is the reason why 2-mercaptonicotinic acid and 2-mercapto-3-pyridinol can not be
determined in these media using iodine as a titrant. The group that makes thiomolecule
more alkaline, makes the removal of hydrogen atom from nitrogen atom more diffi-
cult, which decreases the rate of reaction (5). Then, the following reaction may pro-
ceed:

It was also observed that at pH 7 4,6-dimethyl-2-mercaptonicotine nitrile reacts
stoichiometrically with iodine according to equation (3). Methyl groups activate the
mercaptopyrimidine ring as indicate higher pKB values (protonation of the neutral
molecule) of 2-mercapto-4-methylpyrimidine and 4,6-dimethyl-2-mercaptopyrimi-
dine: 2.2 and 2.80, respectively, compared to 1.35 for 2-mercaptopyrimidine. Basic
properties of 2-mercaptopyrimidine increase proportionally to the number of methyl

6� , 6� 2+�+
�
2�����������������������������������������������+, (9)

,1+6 61+ + 61+ +
61 1+6 1+6>�@ >�@����������������������������>�@

>�@ >�@
(8)
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groups in the molecule. The presence of methyl groups in 2-mercaptopyrimidine
molecule increases the pH range within which, in iodimetric determination, the num-
ber of electrons (z) transferred in a single reaction equals 1. The optimum pH ranges
are 6.5�7.0 and 6.5�8.0 for 2-mercaptopyrimidine and 2-thiocytosine, respectively
[12, 13]. Higher pKB value of 2-thiocytosine (3.3) in comparison to pKB of 2-mercapto-
pyrimidine (1.35) confirms that amino group activates the ring. Therefore, it is easier
to oxidise 2-thiocytosine than 2-mercaptopyrimidine with iodine in acidic and neu-
tral media.

The best results of coulometric titration of 6-mercaptopurine were obtained at
pH 7 using biamperometric end-point detection system [24]. Titration conditions men-
tioned above were applied also in the determination of 2-thiouracil and 2-thiogua-
nine. Direct titration was, however, unsuccessful since the iodimetric reaction ratio
was too low. Indirect titration led to better results; back-titration with sodium arse-
nate(III) solution. Thioglycolic acid [15], 2-thioguanine [24] and 2-thiouracil [19,
24] were determined coulometrically employing the indirect procedure. An excess of
iodine was generated, afterwards the thiol solution was added. After a particular time
period, an excess of standard thiosulfate or sodium arsenate(III) solution was added
and then back-titrated with the generated iodine.

In many cases iodimetric titration in either acidic or neutral media can not be
performed due to non-stoichiometric formation of disulfide, too low rate of reaction
(3), and its reversibility leading to the equilibrium state.

STOICHIOMETRY OF IODIMETRIC TITRATION IN ALKALINE MEDIUM

To avoid the above difficulties, titration was conducted in alkaline medium. It has
been observed that stoichiometry of the reaction between thiol and iodine in alkaline
medium is different that that observed in acidic and neutral media.

Iodimetric determination of sulfur compound proceeds at various reaction stages
and depends on the type of compound and the concentration of NaOH solution (for
details see Tab. 1). Thiol (thiocarbonyl) group is oxidized to either sulfi (equation 10)
or sulfo group (equation 11), or to sulfate ion (equation 12):

R�S� + 2I2 +4OH� ® R�SO2
� + 4I� + 2H2O                  z = 4

R�S� + 3I2 + 6OH� ® R�SO3
� + 6I� + 3H2O                   z = 6

R�S� + 4I2 + 10OH� ® R�O� + 8I� + 5H2O + SO4
2�       z = 8

(10)
(11)
(12)
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Table 1. Conditions of iodimetric determination of sulfur compounds with potentiometric end-point
detection in alkaline medium

(Continuation on the next page)

&RPSRXQG� &RQFHQWUDWLRQ�RI�1D2+��PRO�/±�� 'HWHUPLQDWLRQ�UDQJH��
PPRO� ]� 5HI��6����VXOILGH�� ���� �±��� �� >��@�6�2�����WKLRVXOIDWH�� ���� �±���� �� >���62�����VXOILWH�� ���� ��±���� �� >��@�6�2�����WHWUDWKLRQDWH�� ���� ��±���� ��� >��@�7KLRJO\FROLF�DFLG� ���� ��±���� �� >��@���0HUFDSWRSURSLRQLF�DFLG� ���� ��±���� �� >��@�'�3HQLFLOODPLQH� ���� ��±���� �� >��@�0HUFDSWRVXFFLQLF�DFLG� ���� ���±���� �� >��@�1�0HWK\OWKLRXUHD� ���� ���±����� �� >��@�1�3KHQ\OWKLRXUHD� ���� ��±����� �� >��@�1�1
�'LPHWK\OWKLRXUHD� ���� ��±���� �� >��@�'LWKLRELXUHD� ���� �±���� ��� >��@�'LWKLRR[DPLGH� ���� ��±���� ��� >��@�(WKLRQDPLGH� ���� ��±���� �� >��@�1LFRWLQDOGHK\GH�WKLRVHPLFDUED]RQH� ���� ��±���� �� >��@���0HUFDSWRS\ULGLQH� ���� ���±���� �� >��@���0HUFDSWR���S\ULGLQRO� ���� ��±���� �� >��@���0HUFDSWRQLFRWLQLF�DFLG� ���� ��±���� �� >��@�����'LPHWK\O���PHUFDSWRQLFRWLQH�QLWULOH� ���� ��±���� �� >��@���0HUFDSWRS\ULPLGLQH� ���� ���±���� �� >��@���0HUFDSWR���0HWK\OS\ULPLGLQH� ���� ��±���� �� >��@�����'LPHWK\O���PHUFDSWRS\ULPLGLQH� ���� ��±���� �� >��@���7KLRF\WRVLQH� ���� ��±���� �� >��@�(WK\O���DPLQR���PHUFDSWRS\ULPLGLQH���FDUER[\ODWH� ���� ��±���� �� >��@�����'LDPLQR�����GLPHUFDSWRS\ULPLGLQH� ���� ��±���� ��� >��@���7KLRXUDFLO� �������� ���±��������� �� >��@�

�



661Iodimetric titration of sulfur compounds in alkaline medium

Table 1 (Continuation)

(Continuation on the next page)

&RPSRXQG� &RQFHQWUDWLRQ�RI�1D2+��PRO�/±�� 'HWHUPLQDWLRQ�UDQJH��
PPRO� ]� 5HI����0HWK\O���WKLRXUDFLO� ���� ���±���� �� >��@���%HQ]\O���WKLRXUDFLO� ���� ���±���� �� >��@���3URS\O���WKLRXUDFLO� ���� ���±���� �� >��@���$PLQR���WKLRXUDFLO� ���� ��±���� �� >��@���&DUEHWKR[\���WKLRXUDFLO� ���� ��±���� �� >��@���0HWK\O���WKLRXUDFLO� ������������ ���±�������±�������±���� �� >��@���7KLRRURWLF�DFLG� ���� ��±����� �� >��@���7KLREDUELWXULF�DFLG� ���� ��±���� �� >��@���0HUFDSWR����+��TXLQD]ROLQRQH� ���� ��±���� �� >��@����� ��� >��@���0HUFDSWR���PHWK\OLPLGD]ROH� ���� ��±���� �� >��@�&DUELPD]ROH� ���� ��±���� �� >��@���0HUFDSWREHQ]LPLGD]ROH� ���� ��±����� �� >��@���0HUFDSWR���PHWKR[\EHQ]LPLGD]ROH� ���� ��±����� �� >��@���0HUFDSWR���QLWUREHQ]LPLGD]ROH� ���� ��±����� �� >��@���0HUFDSWREHQ]RWKLD]ROH� ���� ��±����� �� >��@���(WKR[\���PHUFDSWREHQ]RWKLD]ROH� ���� ��±����� �� >��@���0HUFDSWREHQ]R[D]ROH� ���� ��±����� �� >@��+�������WULD]ROH���WKLRO� ���� ��±����� �� >��@���$PLQR��+��������WULD]ROH���WKLRO� ���� ��±���� �� >��@���3KHQ\O��+��������WULD]ROH���WKLRO� ���� ��±����� �� >��@���0HWK\O����WULIOXRURPHWK\O����+�������WULD]ROH���WKLRO� ���� ��±���� �� >��@���3KHQ\O��+�WHWUD]ROH���WKLRO� ���� ���±���� �� >��@������+\GUR[\SKHQ\O���+�WHWUD]RO���WKLRO� ���� ��±����� �� >��@�6RGLXP����PHUFDSWR��+�WHWUD]RO���\O�DFHWDWH� ���� ��±����� �� >��@���3KHQ\O�������R[DGLD]ROH���WKLRO� ���� ��±���� �� >��@�

�
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Table 1 (Continuation)&RPSRXQG� &RQFHQWUDWLRQ�RI�1D2+��PRO�/±�� 'HWHUPLQDWLRQ�UDQJH��
PPRO� ]� 5HI������'LPHWK\OR[D]ROLGLQH���WKLRQH� ���� ��±����� �� >��@���0HUFDSWR���PHWK\O�������WKLDGLD]ROH� ���� ��±����� �� >@���$PLQR���PHUFDSWR�������WKLDGLD]ROH� ���� ���±���� �� >@�����'LPHUFDSWR�������WKLDGLD]ROH� ���� ��±���� �� >��@���0HUFDSWRWKLD]ROLQH� ���� ��±���� �� >��@���0HUFDSWR���PHWK\O���WKLD]ROHDFHWLF�DFLG� ���� ��±����� �� >��@���0HUFDSWRSXULQH� ���� ���±������±���� �� >��@�>@���7KLRJXDQLQH� ���� ��±���� �� >��@���$PLQR���K\GUR[\���PHUFDSWRSXULQH� ���� ���±����� �� >@�����'LPHUFDSWR���K\GUR[\SXULQH� ���� ���±���� �� >��@���+\GUR[\���PHUFDSWRSWHULGLQH� ���� ���±����� �� >��@�

�   * z � number of electrons transferred in a single reaction.
** Results not published.

Iodimetric reaction consists of two steps. In the first step either R�SO2
� or R�SO3

�

is formed. Total oxidation of a thiol to sulfate ion proceeds in the next step. Stoichio-
metry of the particular step depends on the NaOH concentration and the nature of
compounds.

It is known that iodine disproportionates quickly in alkaline medium to produce
iodide and iodate(I) ions, the latter being virtual oxidizing agent:

I2 + 2OH� ® I� + IO� + H2O
Titration in alkaline medium is possible only when the reaction of iodate(I) ion

with a thiol is faster than disproportionation of iodate(I) ion [28, 29]:
3IO� ® IO3

� + 2I�

In alkaline medium, thiols dissociate to give an anion which can react with iodate(I)
according to the following equation:

(13)

(14)

(15)
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Two ions: iodate(I) and thiolate take part into the above reaction. To provide
satisfactory rate of this process, it is needed to reduce electron density at the sulfur
atom in thiolate anion. The lower charge density at the sulfur atom, the lower concen-
tration of NaOH is needed for quantitative determination.

The samples of thiols (thiourea and tetramethylthiourea [30], thiopental [31, 32],
1,3-diethyl-2-thiobarbituric acid [33], 6-methyl- and 6-propyl-2-thiouracil [34],
6-mercaptopurine [35]) were dissolved in NaOH solution and iodine solution was
added. In the presence of excess of iodine in the reaction solution and applying long
reaction time thiols were completely oxidized to sulfate ions. The number of elec-
trons transferred in a single reaction is z = 8. After some time, the solution was acidi-
fied. The excess of iodine was back-titrated applying visual end-point detection.

Reaction yields were 86% for 6-methyl-2-thiouracil (3.5-hour reaction time,
0.1 mol L�1 NaOH solution), 95% and 98% for 6-mercaptopurine (15-minute and
2-hour reaction time, respectively, 2 mol L�1 NaOH solution), and 97% for thiopental
(15-minute reaction time, 20% NaOH solution). The results of iodimetric determina-
tion of thiopental were identical to those obtained in argentometric titration [34].

Performance of the method was checked at different temperature conditions for
6-methyl- and 6-propyl-2-thiouracil [34] and thiopental [32]. For 6-methyl-2-thiou-
racil, iodimetric reaction yield in 0.1 mol L�1 NaOH solution was 76% at 20°C and
100% at 90�100°C, respectively. When 0.05 mol L�1 NaOH solution was used, the
yields were 66% and 97% for 20°C and 90�100°C, respectively. Reaction yield was
unsatisfactory for 0.25 mol L�1 NaOH solution and at 20°C. Obviously, temperature
is a key factor in back titration of thiouracils with iodine in alkaline medium. Com-
plete iodimetric titration in alkaline medium requires 40 min. In case of thiopental,
the solution was incubated in a boiling water bath [32] to complete the reaction
in 3.33 mol L�1 NaOH solution. Complete iodimetric titration of thiopental lasted for
15 min.

The influence of NaOH concentration on the course of reaction
between thiols and iodine

In many cases concentration of NaOH solution greatly affected the course of
oxidation reaction. It was necessary to find an appropriate concentration of NaOH
that allows iodimetric reaction to proceed stoichiometrically. These optimum condi-
tions for particular compounds are given in Table 1. They correspond to the numbers
of electrons transferred in a single reaction z = 4, z = 6, or z = 8.

At significantly lower concentrations of NaOH than these given in Table 1 the
reaction did not proceed stoichiometrically according to equations (10), (11), or (12)
(depending on the nature of a compound). In case of 3-mercaptopropionic acid, merca-
ptosuccinic acid, N-methylthiourea, N-phenylthiourea, [36], 3-hydroxy-2-mercapto-
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pyridine, 2-mercaptonicotinic acid [11], 2-thiouracil [38] and its derivatives: 6-ben-
zyl- [37], 6-amino- [38], 5-carbethoxy- [38] and carbimazole [39], 2-mercaptobenzimi-
dazole and its derivatives: 5-methoxy- and 5-nitro-, 6-ethoxy-2-mercaptobenzothiazole
[40], 1H-1,2,4-triazole-3-thiol, 3-phenyl-1H-1,2,4-triazole-5-thiol, 4-methyl-5-trifluo-
romethyl-1,2,4-triazolin-3-thione, 1-(4-hydroxyphenyl)-1H-tetrazole-5-thiol, 5-thiol-
-sodium(5-mercapto-1H-tetrazol-1-yl)acetate [41], 2-mercapto-4-methyl-5-thiazo-
leacetic acid [42], 2-amino-6-hydroxy-8-mercaptopurine [*], and 2,8-dimercapto-6-
-hydroxypurine [43], higher concentration of NaOH did not result in further oxida-
tion of these compounds and the changes in the consumption of iodine in iodimetric
reaction were small. In the single reaction of N�N-dimethylthiourea, thioglycolic acid,
D-penicillamine [36] and 3-amino-1H-1,2,4-triazole-5-thiol [41] the number of elec-
trons transferred decreased with an increase of NaOH concentration. For compounds
listed in Table 1 and not mentioned above, higher concentration of NaOH may be
followed by an increase in the number of electrons transferred in a single reaction,
which means further oxidation of the product of reaction (10) or (11).

High concentration of iodide ions guaranteed 100% current efficiency in case of
titration with iodine in alkaline medium [17]. It was necessary to find the appropriate
concentration of NaOH solution that allows iodimetric reaction to proceed stoichio-
metrically in coulometric titration. These most advantageous conditions for particu-
lar compounds are given in Table 2. The corresponding numbers of electrons trans-
ferred in single reactions are z = 4, z = 6, or z = 8. Optimum concentration of
NaOH solution depends on the thiol concentration iodimetrically titrated in alkaline
medium. Generally, the lower concentration of thiol was titrated, the lower concen-
tration of NaOH solution was applied in coulometric titration compared to the con-
centration used in volumetric titration.

* Results not published yet.

Table 2. Conditions of iodimetric determination of sulfur compounds with coulometric end-point detec-
tion in alkaline medium&RPSRXQG� &RQFHQWUDWLRQ�RI�.,��PRO�/±�� &RQFHQWUDWLRQ�RI�1D2+��PRO�/±�� 'HWHUPLQDWLRQ�UDQJH��

PPRO� 5HI����0HUFDSWRQLFRWLQLF�DFLG� ���� ������ ����±��� >��@���0HUFDSWRS\ULPLGLQH� ���� ������ ����±��� >��@���0HWK\O���WKLRXUDFLO� ���� ������ ����±��� >��@���%HQ]\O���WKLRXUDFLO� ���� ������ ����±��� >��@���3URS\O���WKLRXUDFLO� ���� ������ ����±��� >��@�
�(Continuation on the next page)
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The influence of the nature of thio-compound on the course of reaction
with iodine

It is advantageous if tautomeric thione-thiol equilibrium is shifted towards the
thiol form. There was no possibility to determine 1,3-diethyl-2-thiobarbituric acid
and 2-mercapto-3-methylbenzothiazole since the thione/thiol transition was prevented,
whereas potentiometric titration of 2-thiobarbituric acid and 2-mercaptobenzothiazole
were performed successfully [40, 48]. Carbamizole, which exists only in the thione
form, undergoes hydrolysis and decarboxylation in alkaline medium. 2-Mercapto-1-
-methylimidazole, the product of these reactions, reacts easily with iodine in alkaline
medium [39, 58, 59].

Disturbance of aromaticity in the pyrimidyl ring impedes oxidation reaction with
iodine in alkaline medium. Such phenomenon is observed in thiopental molecule.
Potentiometric titration of thiopental was conducted in strongly alkaline solution.
The increase of NaOH concentration in the solution did not cause the increase of the

Table 2 (Continuation)&RPSRXQG� &RQFHQWUDWLRQ�RI�.,��PRO�/±�� &RQFHQWUDWLRQ�RI�1D2+��PRO�/±�� 'HWHUPLQDWLRQ�UDQJH��
PPRO� 5HI����7KLRRURWLF�DFLG� ���� ������ ����±��� >��@���7KLREDUELWXULF�DFLG� ���� ������ ����±��� >��@���0HUFDSWR����+��TXLQD]ROLQRQH� ���� ������ ����±��� >��@���0HUFDSWR���PHWK\OLPLGD]ROH� ���� ������ ����±��� >��@�&DUELPD]ROH� ���� ������ ����±��� >��@���0HUFDSWREHQ]LPLGD]ROH� ���� ������ ����±��� >��@���0HUFDSWREHQ]RWKLD]ROH� ���� ������ ����±��� >��@���3KHQ\O�������R[DGLD]ROH���WKLRO� ���� ���� ����±��� >��@���0HUFDSWRSXULQH� ���� ������ ����±��� >��@���7KLRJXDQLQH� ���� ������ ����±��� >��@���0HUFDSWRWKLD]ROLQH� ���� ������ ����±��� >��@�����'LPHUFDSWR�������WKLDGLD]ROH� ���� ������ �����±��� >��@���0HUFDSWR���PHWK\O���WKLD]ROHDFHWLF�DFLG� ���� ������ ����±��� >��@�.HWRWLIHQ� ���� ������ ����±��� >��@�9LWDPLQ�%

�
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number of electrons transferred in a single reaction (z = 7.43) [48]. Titration results
were reproducible. Reaction rate for thiopental was smaller that that for 2-thiobarbituric
acid. It is possible to determine thiopental by iodometric titration only if the excess of
iodine is added to the alkalized thiopental solution, then acidified after some time,
and back-titrated with thiosulfate solution [31, 32]. According to the procedure, oxida-
tion reaction is relatively fast and thiolate groups are transformed to sulfate ions. The
number of electrons transferred in a single reaction equals to z = 8.

Similar disturbance of aromaticity appears in the molecule of 4,4-dimethyloxa-
lidine-2-thione [43]. To determine this compound, more concentrated NaOH solution
(4 mol L�1) is needed compared to 1 or 2 mol L�1 NaOH solution used in the determina-
tion of 1-methyl-2-mercaptoimidazole [58, 59]. Moreover, oxidation mechanism is
different.

Mercaptopyridine series [11]. Carboxylic group lowers electron density at sulfur
atom in pyridine ring. Therefore, determination of 2-mercaptonicotinic acid in alka-
line medium requires lower concentration of NaOH solution (0.5 mol L�1) than that
used in the determination of 2-mercaptopyridine (2 mol L�1 NaOH solution). Intro-
duction of nitrile group into pyridine ring increases the rate of oxidation reaction.
4,6-Dimethyl-2-mercaptonicotine nitrile was titrated in 0.1 mol L�1 NaOH solution.
Hydroxyl group increases electron density at sulfur atom in pyridine ring. Therefore,
2-mercapto-2-pyridinol was determined using more concentrated NaOH solution con-
centration (5 mol L�1) compared that used in the determination of 2-mercaptopyridine.

Mercaptopyrimidine series [12, 13]. Substitution at position 4 in mercaptopyrimi-
dine ring makes the rate of iodimetric reaction in alkaline medium decrease in the
following order: �H (0.5 mol L�1 NaOH solution), �NH2 (3 mol L�1 NaOH solution),
�OH (4 mol L�1 NaOH solution), �SH (requires indirect determination). Methyl groups
have no influence on the course of oxidation with iodine in alkaline medium. 0.5 mol
L�1 NaOH solution was used for determination of 2-mercaptopyrimidine and its
4-methyl- and 4,6-dimethyl- derivatives.

Thiouracil series [37, 38, 48, 60]. Charge distribution corresponding to p-elec-
trons is uniform. There is an excess of electrons on heteroatoms and electron defi-
ciency at carbon atoms at positions 2, 4, and 6. Introduction of methyl and hydroxyl
groups at position 6 of thiouracil molecule increases oxidation reaction rate. Then,
2 mol L�1, 3 mol L�1, and 4 mol L�1 NaOH solutions are needed for determination of
6-methyl-2-thiouracil, 2-thiobarbituric acid and 2-thiouracil, respectively. Amino group
has an opposite effect on the reaction rate. Then, more concentrated NaOH solution
(5 mol L�1) has to be used for determination of 6-amino-2-thiouracil. Noteworthy,
hydroxyl and amino groups affect the oxidation mechanism with iodine in alkaline
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medium. The number of electrons transferred in a single reaction changes from z = 4
for 2-thiouracil to z = 6 for 6-amino-2-thiouracil and 2-thiobarbituric acid.

The presence of electrophilic substituent in position 5 of 2-thiouracil molecule
decreases an excess of electrons on carbon atom in this position. Nevertheless, deter-
mination of 5-methyl-2-thiouracil was possible after selection of the appropriate NaOH
solution concentration for each concentration of the studied compound. Electron-
-donor substituents prevent stoichiometric reaction with iodine in alkaline medium
from proceeding enough quickly. Determination of 5,6-diamino-2-thiouracil and
6-amino-5-nitroso-2-thiouracil was not possible since the number of electrons trans-
ferred in the reaction is greater than 8 within the studied range of NaOH concentra-
tion. In contrast, determination of 5-carbethoxy-2-thiouracil (4 mol L�1 NaOH solu-
tion) with iodine in alkaline was performed successfully.

The presence of condensed phenyl ring in 2-mercapto-4(3H)-quinazolinone mole-
cule decreases electron density compared to 2-thiouracil. Also lower concentration of
NaOH solution (3 mol L�1) was used to determine 2-mercapto-4(3H)-quinazolinone
[60] (4 mol L�1 in case of 2-thiouracil) [38].

Triazolethiol series [41]. It has been found that for potentiometric determination
of 1H-1,2,4-triazole-3-thiol with iodine higher concentration of NaOH solution
(2 mol L�1) is needed than in case of 1H-1,2,4-triazole-3-thiol substituted with phenyl
(0.5 mol L�1 NaOH solution), trifluoromethyl and methyl groups (1 mol L�1 NaOH
solution). The explanation is that acceptor groups lowers electron density at sulfur
atom in thiolate group. Determination of 3-amino-1H-1,2,4-triazole-5-thiol requires
higher concentration of NaOH solution (5 mol L�1) than that used during titration of
1H-1,2,4,-triazole-3-thiol. In this case, introduction of a strong donor group (amino
or hydrazine) into position 5 causes a significant disturbance of aromaticity in 1, 2, 4
- triazol ring. It was not possible to determine appropriate conditions for determina-
tion of 4-amino-5-hydrazine-1H-1,2,4-triazole-3-thiol with iodine in alkaline
medium [49].

If nitrogen atom in 3-phenyl-1,2,4-triazole-5-thiol molecule is replaced with oxy-
gen atom (5-phenyl-1,3,4-oxadiazol-2-thiol), electron density at sulfur atom in thiolate
group decreases. Moreover, the stoichiometry of the oxidation reaction becomes diffe-
rent: 3-phenyl-1,2,4-triazole-5-thiol was titrated in 0.5 mol L�1 NaOH solution and
the number of electrons transferred in a single reaction was 4; also 5-phenyl-
-1,3,4-oxadiazol-2-thiol was titrated in 1 mol L�1 NaOH solution and the correspon-
ding number of electrons transferred in a single reaction z = 8. Further oxidation of
3-phenyl-1,2,4-triazole-5-thiol (beyond the step of z = 4) is difficult since its sulfi
derivatives are stabilized via intermolecular hydrogen bond [44].
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Tetrazolethiol series [41]. Hydrogen atom at position 1 in either triazole or tetra-
zole ring exhibits acidic properties and undergoes dissociation in alkaline medium.
In the resulting anion, electron density at sulfur atom in thiolate group increases.
If the formation of the above anion is prevented, then NaOH solution of lower concen-
tration is applied as a reaction medium for iodimetric determination. All studied
1H-triazoles were substituted with particular groups at position 1 position and
the used concentrations of NaOH solutions were lower than that used in case of
1H-1,2,4-triazoles-3-thiol.

An introduction of an aromatic substituent at position 1 in tetrazolethiol ring
changes stoichiometry of iodimetric reaction. The reason is higher stability of aroma-
tic derivatives of tetrazolethiol than of aliphatic ones. The number of electrons trans-
ferred per one mol of 1-phenyl-1H-tetrazole-5-thiol and 1-(4-hydroxyphenyl)-1H-
-tetrazole-5-thiol is 6. Moreover, determination of these two compounds requires
lower concentration of NaOH solution (0.1 and 1 mol L�1, respectively) than that
used in the determination of sodium (5-mercapto-1H-tetrazol-1-yl) acetate (2 mol L�1).
Aromatic groups lower electron density at sulfur atom in thiolate group due to stron-
ger electron delocalization.

Hydroxyl group is a donor group and slightly increases electron density at sulfur
atom in thiolate group in phenyl ring; thus, it makes oxidation difficult. Determina-
tion of 1-(4-hydroxyphenyl)-1H-tetrazole-5-thiol requires higher concentration of
NaOH solution than that used in the determination of 1-phenyl-1H-tetrazole-5-thiol.

Benzimidazolethiol and benzothiazolethiol series [40]. The presence of conden-
sed ring in benzazols decreases basic properties of nitrogen atom in a pyrrole ring and
increases reactivity of thiolate group. The studied series of benzimidazolethiols and
benzothiazolethiols require lower concentration of NaOH solution (1 and 0.1 mol L�1,
respectively) than that used in case of 2-mercapto-1-methylimidazole (1 or 2 mol L�1)
[58, 59]. 2-Benzimidazolethiol was also successfully determined with iodine in the
pH range 10�12. Under such pH conditions, the number of electrons transferred in
a single reaction is z = 4. Methoxy- and nitro- groups substituted at position 5 in
benzimidazolethiol molecule do not have any impact on the rate of oxidation reaction
with iodine in alkaline medium. In the molecule of 2-benzothiazolethiol the second
nitrogen atom is replaced with sulfur. Thus, electron density at sulfur atom in thiolate
group is decreased compared to 2-benzimidazolethiol, which undergoes oxidation in
more alkaline medium than 2-benzothiazolethiol does.

It has been observed that the mechanism of oxidation reaction (with iodine in
alkaline medium) change if nitrogen heteroatom in either 2-benzimidazolethiol or
3-phenyl-1,2,4-oxadiazole-2-thiol is replaced with oxygen atom [40, 41, 44]. Then,
also the number of electrons transferred in a single reaction increases from z = 4 to
z = 8.
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Mercaptopurine and mercaptopteridine series [35, 43, 45]. Purine is a con-
densed-ring molecule consisting of pyrimidine and imidazole rings. Pteridine is also
a condensed-ring molecule which contains pyrimidine and pyrazine rings. There is
a deficiency of p-electrons in pyrimidine ring of purine and in pteridine molecule.
Pteridines are stronger bases than purine since pteridine anion is better stabilized by
mezomeric effect than the purine one. Negative charge in imidazole ring in purine
anion increases electron density in pyrimidine ring compared to pteridine anion. Then,
oxidation of mercaptopurine proceeds in more alkaline medium (2 mol L�1 NaOH
solution) than the reaction of mercaptopteridine with iodine (0.5 mol L�1 NaOH solu-
tion).

Though electrophilic substituent in position 2 of 6-mercaptopurine increases
electron deficiency due to the inductive effect, determination of 2-thioguanine and
6-mercaptopurine were conducted in 2 mol L�1 NaOH solution [35, 45].

Mercaptothiadiazole series [42, 43]. Determination of 2-mercapto-4-methyl-
-5-thiazoleacetic acid is conducted in a lower concentration of NaOH solution
(0.1 mol L�1) [42] compared to 2-mercapto-1-methylimidazole (1 or 2 mol L�1 NaOH
solution) [58, 59]. This is due to the fact that the excess of p-electrons at C�2 position
in imidazole molecule is smaller compared to this excess at C�2 position in thiadiazole
ring [46]. Additionally, the presence of electrophilic substituent at position 5 of mercap-
tothiadiazole increases this deficiency via the inductive effect.

Thiourea and other aliphatic thiol series [36, 47, 56]. Determination of thio-
urea in alkaline medium was unsuccessful since there was no possibility to find
an appropriate concentration of NaOH solution. Within the studied range, the number
of electrons transferred in a single iodimetric reaction was around z = 7. Introduction
of a substituent to nitrogen atom in thiourea molecule enables determination of
N-methylthiourea and N-phenylthiourea in 2 mol L�1 NaOH solution. However, the
mechanism is changed and the number of electrons transferred in a single reaction is
then z = 4. Further introduction of methyl group into methylthiourea molecule allows
one to use lower concentration of NaOH solution, namely 0.1 mol L�1, for determina-
tion of N,N�-dimethylthiourea. After further introduction of methyl groups one
obtains N,N,N�,N�-tetramethylthiourea, which is, unfortunately, impossible to be deter-
mined using iodine since the number of electrons transferred in a single reaction is
around z = 7.

Ethionamid requires high concentration of NaOH solution (5 mol L�1) since the
molecule dissociates in alkaline medium and the resulting ion is stabilized by mezo-
meric effects.

In thiocarboxylic acids series, elongation of aliphatic chain does not favour oxi-
diation with iodine. However, introduction of an additional carboxylic group into
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a chain has the opposite effect. For thioglycolic acid, the mechanism of oxidation is
changed since the number of electrons transferred in a single reaction is z = 6. Steric
effect may cause that higher concentration of NaOH solution is needed for determi-
nation of D-penicillamine.

UNUSUAL POTENTIOMETRIC TITRATION CURVES

In some cases, the shape of potentiometric titration curve in strong alkaline
medium is untypical. During iodimetric titration in alkaline medium using platinum
wire indicator electrode a strong rise in the potential near the end-point has been
observed (200�300 mV/0.1 mL of the titrant). A small amount of added iodine (oxi-
dizer) caused a strong potential drop in the initial part of curve. Sometimes, only one
drop of a titrant caused such phenomenon (e.g. 2-mercaptopyrimidine and its deriva-
tives: 4-methyl- and 4,6-dimethyl- [12], 2-thiocytosine [13], N,N�-dimethylthiourea
[36], 5-carbethoxy-2-thiouracil [38], 2-mercaptobenzothiazole [40], sodium (5-mer-
capto-1H-tetrazol-1-yl)acetate and 1-phenyl-1H-tetrazole-5-thiol [41], 2,5-dimercapto-
-1,3,4-thiadiazole and 2-mercapto-2-thiazoline [42], 2,8-dimercapto-6-hydroxypurine
and 4,4-dimethyloxazolidine-2-thione [43], thiopental [48], 5-phenyl-1,3,4-oxadiazol-
-2-thiol [44], 2-thioguanine [49] as well as 6-mercaptopurine). An example of the
influence of hydroxide ions on the shape of potentiometric curve is shown in Figure 1.

Figure 1. Potentiometric titration curves of 2-amino-6-hydroxy-8-mercaptopurine in variously concen-
trated NaOH solution; amount of analyte: 125 mmol, titrant concentration: 0.5 mol L�1 iodine;
indicator electrode: platinum wire

E, 
mV

V, mL
c(NaOH) = 1 mol L�1              c(NaOH) = 5 mol L�1               c(NaOH) = 10 mol L�1p®
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The influence of the concentration of NaOH solution influenced the moment of
appearance of potential drop [43]. For most of the thiols studied by us, when more
concentrated NaOH solution was used, the smaller volume of iodine solution was
sufficient to cause a potential drop.

It has been found that the shape of potentiometric titration curves depend on the
amount of titrated compound. These shapes were typical and did not exhibit a poten-
tial drop when 4,4-dimethyloxazolidine-2-thione (within the range 50�200 mmol)
was titrated in 4 mol L�1 NaOH solution. However, the potential drop appeared when
larger amounts of the compound were determined. When 500 mmol of the compound
were titrated, potential drop appeared only after adding almost whole amount of
iodine participating in the reaction. When 1000 mmol of the thiol was determined,
potential drop occurred at the beginning of titration. In this procedure a significant
rise in the potential was observed close to the equivalence point (800�1000 mv/0.1 mL
of the titrant). Such large increase of the potential does not occur in other potentio-
metric titrations.

E, 
mV

V, mL
gold plate              gold wire           platinum plate              platinum wirel p ®

Figure 2.  Potentiometric titration curves of 2-amino-6-hydroxy-8-mercaptopurine in 10 mol L�1 NaOH
 obtained using different indicator electrodes; amount of analyte: 125 mmol; titrant concentration:
 0.5 mol L�1 iodine

Preparation procedures of the working electrodes have an influence on the shape
of the obtained potentiometric curves. In our research we have investigated platinum
and gold indicator electrodes (wire and plate). Using these electrodes, the potential
drop always appeared in case of the studied sulfur compounds. Using a platinum
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indicator electrode (wire and plate) and a gold plate electrode we have observed the
potential drop in the initial part of the curves. Interestingly, when gold wire indicator
electrode was used, potential drop did not appear. Metals used for the preparation of
wire and plate electrodes have different structures as they were produced in a diffe-
rent way. In case of wire electrodes metal was drawn, whereas in case of plate elec-
trodes metal was rolled. The influence of indicator electrode on the shape of potentio-
metric titration curve is exemplified in Figure 2.

It has been found that the shapes of the titration curves obtained at high concen-
trations of NaOH depend on the material of the indicator electrode, concentration of
NaOH solution, and the amount of determined compounds. These phenomena are
related to adsorption processes and charging of the electrical double layer at the phase
boundary of the indicator electrode.

RING-OPENING REACTION BY IODINE IN ALKALINE MEDIUM

The compounds with a thiol group attached to heterocyclic ring and containing
either nitrogen or oxygen heteroatom and sulfur heteroatom undergo cleavage of
heterocyclic ring. This process for 2-mercaptothiazoline and 2,5-dimercapto-1,3,4-
-thiadiazole [42] in the presence of iodine in alkaline medium proceeds at high concen-
tration of NaOH. The corresponding number of electrons transferred in a single reac-
tion exceeds z = 8 per thiol group. The first step is oxidation of the thiol group.
Reaction proceeds according to equation (12) in optimally concentrated NaOH solu-
tion. Under more alkaline conditions, further oxidation proceeds to give a RO� deri-
vative and sulfate ion. The total number of electrons transferred in a single reaction is
z = 8 per one mercapto group (equation (12)). In the second step carbon-sulfur bond
in heterocyclic ring is broken. This happens in iodimetric reaction of 2-mercapto-
thiazoline and 2,5-dimercapto-1,3,4-thiadiazole at higher concentration of NaOH.
The number of electrons transferred in a single reaction increases then above 8 per
one thiol group.

The ring-opening reaction of thiazole [50, 51] and penicillin [52�54] by hydro-
xide ions has been also reported. After the cleavage of heterocyclic system, sulfur
atom might be subsequently oxidized either to disulfide [51] or sulfonate form
[52�54]. Similar reaction mechanism might explain the behaviour of ketotifen during
its iodimetric titration with iodine in alkaline medium [55]:
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SIMULTANEOUS DETERMINATION OF THIO-COMPOUNDS BY
IODIMETRIC METHOD; APPLICATIONS OF THE METHOD

The mixture of thiosulfate and tetrathionate was titrated with iodine in neutral
medium (pH = 7) in the presence of starch as end-point indictor. Then, NaOH solu-
tion was added up to the concentration of 5 mol L�1 [56]. Under such conditions
tetrathionate transforms into thiosulfate and sulfite ions within 1�10 min:

2S4O6
2� + 6OH� ® 3S2O3

2� + 2SO3
2� + 3H2O

The resulting solution was titrated with iodine with potentiometric end-point detec-
tion. The amount of thiosulfate was estimated from the reaction in neutral medium
(z = 1). The quantity of tetrationate was calculated from the reaction in alkaline me-
dium (z = 14).

The above method was applied to the determination of several thyroid compounds
[17, 36�39, 45, 57, 58, 59], anticancer compounds [17, 45], thiamine [51], and tableted
antiasthmatic drug [55] applying potentiometric and coulometric titration. The
results are shown in Table 3. It has been found that tablet excipients of all determined
drugs do not interfere under the applied conditions of analysis.
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Table 3. Results of iodimetric determination of sulfur compounds in drug samples1DPH�RI�WKH�GUXJ���FRPSRXQG� 0HWKRG� 'HFODUHG�FRQWHQW���PJ� )RXQG��PJ� 56'� 5HI��7UHFDWRU��HWKLRQDPLGH� 3RWHQWLRPHWULF�WLWUDWLRQ� ���� ���������� ����� >��@������������ �����3RWHQWLRPHWULF�WLWUDWLRQ� ����������� ����������������� �����3URS\FLO������SURS\O���WKLRXUDFLO� &RXORPHWULF�WLWUDWLRQ� ���� ����������� ����� >��@�7\UHRVWDW�,,���SURS\O���WKLRXUDFLO� 3RWHQWLRPHWULF�WLWUDWLRQ� ���� ������������� ����� >��@�3URS\O�7KLRXUDFLO����SURS\O���WKLRXUDFLO� 3RWHQWLRPHWULF�WLWUDWLRQ� ���� ����������� ����� >��@�3RWHQWLRPHWULF�WLWUDWLRQ� ���� ������������ ����� >��@�0HWK\OWKLRXUDFLOXP�����PHW\OR���WLRXUDF\O� &RXORPHWULF�WLWUDWLRQ� ���� ����������� ����� >��@�%DVGHQH���EHQ]\O���WKLRXUDFLO� 3RWHQWLRPHWULF�WLWUDWLRQ� ���� ����������� ����� >��@�&RXORPHWULF�WLWUDWLRQ� ������������ �����0HWL]RO���PHUFDSWR���PHWK\OLPLGD]ROH� 3RWHQWLRPHWULF�WLWUDWLRQ� ���� ����� � >��@�7K\URPD]RO�����PHUFDSWR���PHWK\OLPLGD]ROH� 3RWHQWLRPHWULF�WLWUDWLRQ� ���� ������������ ����� >��@�&DUELPD]ROH�+(11,1*�FDUELPD]ROH� &RXORPHWULF�WLWUDWLRQ� ���� �������������� ����� >��@�0HUFDSWRSXULQXP���PHUFDSWRSXULQH� &RXORPHWULF�WLWUDWLRQ� ���� ����������� ����� >��@�3RWHQWLRPHWULF�WLWUDWLRQ� ����������� �����/DQYLV���WKLRJXDQLQH� &RXORPHWULF�WLWUDWLRQ� ���� ����������� ����� >��@�7KLDPLQH�K\GURFKORULGH� &RXORPHWULF�WLWUDWLRQ� �������� ����������� � >��@�.HWRWLIHQ�NHWRWLIHQ� ������r������� �����3R]LWDQ�NHWRWLIHQ� ������r������� �����=DGLWHQ�NHWRWLIHQ� &RXORPHWULF�WLWUDWLRQ� ���� ������r������� ����� >��@��
�

PROCEDURES

Potentiometric titration in alkaline medium
Volumetric titrations with potentiometric end-point detection were applied to

determine large quantities of sulfur compounds. For potentiometric measurements
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two- electrode circuit was utilized: it comprised a platinum indicator electrode and
saturated calomel electrode as the reference electrode. Sometimes an Ag/AgCl refe-
rence electrode was applied [59]. The samples of studied compounds were dissolved
in appropriately concentrated NaOH solution and titrated with iodine. 5 s waiting
time was applied after each addition of iodine to let the potential response stabilize
[11�13, 36�45, 48, 55�57, 59, 60]. The equivalence point of the reaction was determi-
ned either from the first derivative curve, or from the inflection point of potentiometrical
curve. Close to the titration end-point, a small amount of iodine was introduced.

Coulometric titration in alkaline medium
Lower concentrations of compounds were determined by coulometric titration

using biamperometric end-point detection [11, 12, 17, 39, 40, 42, 44, 45, 48, 49, 51,
55, 57, 61]. For coulometric measurements a Universal Coulometric Analyser was
utilized. Electrolysis cell [62] was equipped with two platinum electrodes, each of
5 cm2-in-area, plugged into a generating circuit, and a double electrode plugged into
a biamperometric indicator circuit.

Two detection systems: potentiometric [18] and biamperometric [17] were utili-
zed in coulometric titration with iodine in alkaline medium. Potentiometric end-point
detection with platinum and saturated calomel electrodes was impossible owing to
the slow response of the platinum indicator electrode at low concentrations of the
investigated compound and the titrant. Thus, biamperometric indicator system was
applied for coulometric titration in alkaline medium. The dependence of the current
generated at the indicator electrode on the potential differences has confirmed that
the iodate(I)/iodide system in alkaline medium is reversible like the iodine/iodide
system in neutral medium. The measured biamperometric current increased signifi-
cantly with an increase of potential differences of indicator electrodes up to 200 mV.
Above this value, further increase of the current was only slight. The potential of
200 mV was chosen as an optimum voltage for biamperometric detection system.
Sensitivity of biamperometric detection decreased with an increase of NaOH con-
centration in the reaction medium.

Indirect titration in alkaline medium
Thiopental [31, 32], 1,3-diethyl-2-thiobarbituric acid [33] and 6-propyl-2-thiou-

racil [34] were determined by indirect titration with iodine in alkaline medium. The
required amount of thiol was dissolved in appropriately concentrated NaOH solution,
and iodine solution was added. After some time, the solution was acidified. The
excess of iodine was back-titrated applying either visual or potentiometric end-point
detection.
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CONCLUSION

Iodimetric titration in alkaline medium allows one to determine many more
thiols than it is possible in either neutral or acidic media. Noteworthy, concentration
of hydroxide ions influence titration to a great extent. Owing to a substantial increase
(of what potential) recorded at the end-point, the obtained results are accurate and
reproducible.

The proposed technique yields good results in case of determination of thiols in
pharmaceutical preparations. The analytical procedures employed are easy to per-
form as they do not require separation of thiols from other non-interfering tablet
excipients.

Anodically generated iodine in alkaline medium has proved to be the best oxi-
dant in coulometric determination of thiols. The presented method enables one to
determine more thiols compounds than titration with anodically generated chlorine
[63] or bromine [64]. This is due to the fact that thiols react faster with iodate(I) than
with chlorine and bromine. The applied reaction solutions containing potassium io-
dide and NaOH are stable � unlike acidic solutions, iodide present in alkaline ones
does not undergo oxidation with oxygen. Coulometric method is partly automated
and as an absolute method requires no standard solutions.
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