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INTRODUCTION:

After the advent of europium doped lanthanum fluoride single
crystal ion selective electrode (ISE) in 1966, analysis with ion
selective electrodes took a giant leap. Many ISE have been
commercially available and method of analysis with ISE has
been adopted as a standard method for the analysis of water
and waste water, pharmaceutical preparations, environmental
studies etc. [1-3]. Silver sulphide membrane electrode is one
of the earliest ISE that have been well characterized and used
[4]. The silver and sulphide ion electrodes are commercially
available and can also be fabricated in the laboratory0[5-8].The
commercial electrodes being quite expensive to the most of
the teaching laboratory are not affordable for instructional
use to students of developing countries which may deprive
them from using such a powerful electro-analytical technique.
Considering this fact in mind, we in our laboratory are devel-
oping and using silver sulphide base ion selective electrodes
for educational purpose since several years [6]. The tech-
niques of fabrication of all solid state silver sulphide elec-
trodes and their uses in the direct potentiometric titration of
halides and sulphide ions are described in our previous pa-
pers [4-8]. In the present paper, we have reported the charac-
terization of composite polycrystalline materials used for fab-
rication of ISE by x-ray diffraction and SEM techniques. The
selectivity of such composite electrodes for chloride, bro-
mide, iodide, sulphide and silver ions and their applications
for the assay of thiamine (vitamin B1) in pharmaceutical prepa-
ration are discussed.

EXPERIMENTAL

Reagents

All reagents were of analytical grade. Silver nitrate and thia-
mine hydrochloride were purchased from Sigma Aldrich. So-
dium sulphide used was LR grade (minimum assay 52%, SD’s).
Commercial tablets containing vitamin B1 were obtained from
local drug store. The pure powders and pulverised tablets
were dried at 60oC for 2 hours under vacuum. All aqueous
solutions were prepared with distilled water.

Silver sulphide based ion selective electrode preparation

Polycrystalline silver sulphide material was prepared by add-
ing requisite amount of silver nitrate solution to sodium sul-
phide solution. The composite material was prepared by co-
precipitation of silver halide and silver sulphide by adding
appropriate amount of silver nitrate solution to the mixture of
sodium sulphide and potassium halide in aqueous solutions.
All solid state ISE membrane electrodes were fabricated from
these materials, the details of which are given elsewhere [6]

Instrumentation

X-ray diffraction (Rigaku RINT 2500 HLR, Japan) and scan-
ning electron microscope (SEM) equipped with EDAX
(KEYENCE REAL 3D System, VE-series, Japan) were used to
characterise the electrode material. Potentials were measured
by using OSAW- digital potentiometer (India) relative to a
silver/silver chloride (sat.) reference electrode. The potentio-
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metric measurements were made with the following electrochemi-
cal cell Ag\AgCl\ KCl (sat.)\\sample solution \Ag2S-AsX\ Ag.

Determination of thiamine hydrochloride in Vitamin B 1 Tablet

Vitamin B1 tablets were pulverised to fine powder and vacuum
dried. Then the required amount of powder was dissolved in
minimum amount (about 20 mL) of water. The solution thus
obtained was filtered into a 100 ml volumetric flask and made up
to the mark with distilled water. Requisite volume of the sample
solution containing about 50 mg of thiamine was transferred
into a beaker, 10 mL of distilled water was added and titrated
with 0.01M silver nitrate solution using silver sulphide mem-
brane electrode. The end point of the titration was determined
potentiometrically using Gran’s plot [10-11]. The titration was
also carried out in presence of 10 mL of 1 M NaOH solution.

RESULTS AND DISCUSSION

Characterization of electrode material

XRD pattern of laboratory prepared silver sulphide powder is
shown in figure 1. In the figure, sharp diffraction peaks of
crystalline silver sulphide indicating no detectable peaks for
impurities in silver sulphide powder are observed. Diffraction
pattern showed dominant peaks for Ag2S 2 theta at
26.189°(111), 29.063°(012), 31.820°(120), 33.666°(121),
34.743°(112), 36.806°(022), 37.6°(200),  40.798°(031), 43.47°(130),
46.28°(202) and 53.21°(004) showing the polycrystalline na-
ture of the silver sulphide powder and presence of any trace
of Ag. Figure 2(a) is the scanning electron microscopic (SEM)
picture of silver sulphide showing the surface morphology of
silver sulphide powder and surface characteristic of silver
sulphide. EDAX result was also obtained for further confir-
mation of the composition of silver sulphide. EDAX analysis
result clearly shows the presence of Ag and S elements in
atomic weight percentage as given in table (1)

Table 1: Results of elemental analysis by EDAX

Fig. 2 (a) Scanning Electron Micrograph of Ag2S (b) EPMA
image of silver in silver sulphide sample (c) EPMA image of
sulphur in silver sulphide sample

1.000 x 10.0 µµµµµ m   WD 11.

XRD patterns of laboratory prepared composite mixture of
silver sulphide-silver iodide; silver sulphide-silver bromide
and silver sulphide-silver chloride are shown in figures 3, 4
and 5 respectively. In these figures, one can see the sharp
diffraction peaks of crystalline substances indicating no de-
tectable peaks for impurities.

Element Atomic weight % 
Ag L 70.7 
S K 29.3 

Figures 2(b) and 2(c) are the EPMA image of silver sulphide
showing the mapping images of silver and sulphur respectively.

Fig. 1: XRD pattern of siver sulphide sintered at 110oC

(a)

(b)

(c)
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The effect of interfering ions is generally expressed in terms
of potentiometric selectivity coefficients, Kpot

A,B which are
expressed according to Nickolsky – Eisenmann equation (1)

E=E0 +(RT/n A F) ln (aA+ Σ  K pot A,B (a B
 ) n 

A
 / n

 B) (1)

Where aA and aB are the activities of main and interfering ions
having charges nA and nB respectively, E0 is standard poten-
tial of the electrode and Kpot

A,B is the selectivity coefficient
which describes the relative sensitivity of determinant ion.
The potentiometric selectivity co-efficient are determined by
mixed solution method and the results are given in table 3.

For most of the ions studied, the pKA,B values of interfering
ions are greater than 1 and  positive indicating that interfer-
ence by these ions are not adverse and even in presence of
these interfering ions the concentration of the analyte can be
determined with sufficient accuracy, with error less than a few
percent. Only I-ion interfere in the determination of bromide
by Br-ISE, and  I- and Br-ions interfere adversely in the deter-
mination of chloride by Cl-ISE which is expected since solu-
bility product of silver Iodide is less than that of silver bro-
mide and similarly solubility product of silver chloride is less
than that of silver bromide and silver iodide.

3.3 Analysis of vitamin B1 in pharmaceutical preparation

The thiamine in crude material and pharmaceutical prepara-
tions can be determined by titrating the free chloride with

Fig. 3: XRD Pattern of Ag2S-AgI

Fig. 4: XRD pattern of Ag2S-AgBr

Fig. 5: XRD pattern of Ag2S-AgCl

3.2 Electrochemical characterization of electrodes

Electrodes are electrochemically characterized for direct po-
tentiometric determination of Ag+, Cl-, Br-, I- and S— ions. The
electrodes showed Nernstian response in the concentration
range of 1x10-5 to 1x10-1 in the ionic strength of 0.1 M. The
results are tabulated in table 2. The high values of coefficient
of determinant indicate that the electrode response is suffi-
ciently accurate for quantitative estimation of respective ion
by direct potentiometry provided there are no interfering ions.

Electrode Determinant ion slope Intercept Linear range Coefficient of determinant 
Ag2S Ag+ 59.8 606 1x10-1-1x10-5M 0.9933 
Ag2S-AgCl Cl- 58.1 27 1x10-1-1x10-5M 0.9911 
Ag2S-AgBr Br- 57.2 175 1x10-1-1x10-5M 0.9803 
Ag2S-AgI I- 57.5 -339 1x10-1-1x10-5M 0.9865 
Ag2S S-- 30.0 911.5 1x10-1-1x10-5M 0.9961 

Table 2: Different constants of ion selective electrodes
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silver nitrate using Chloride-ISE electrode. Thiamine hydro-
chloride is the hydrochloride of a thiozolium chloride deriva-
tive with two dissociable chloride ions per molecule of thia-
mine [12-13]. The potentiometric titration of 50 mg of thiamine
with 0.01 M silver nitrate in neutral medium is shown in figure
(6) curve (a). There is a clear potential break corresponding to
the consumption of 2.0 mole of silver nitrate per mole of thia-
mine. The method is quite simple, sensitive and gives repro-
ducible result in crude vitamin B1. But the pharmaceutical
preparation may contain chloride from other vitamin sources
as well; in such case the method is neither applicable nor
selective for determination of thiamine. However, even in the
presence of hydrochlorides from other vitamins, thiamine in
pharmaceutical preparation can still be determined by
argentometric titration in highly alkaline medium at around
pH >11.6. Under highly alkaline condition the thiozole ring of
thiamine is known to open readily yielding thiol which can
react with silver ion to give mercaptide as shown in reaction
scheme 1 [14]. Furthermore, in presence of sodium hydroxide,
silver ions do not react with free chloride but react with   thiols
only [13]

Reaction Scheme 1

Figure 6: Potentiometric curves for the titration of 50 mg of thia-
mine with silver nitrate solution in (a) neutral medium (b) in highly
alkaline medium using home made silver sulphide membrane as indica-
tor electrode.

CONCLUSION

Effective Ion selective membrane electrode based on silver
sulphide is possible to prepare by the co-precipitation of sil-
ver halide and silver sulphide composite mixture. The home
made ion selective electrodes are useful to determine Ag+, Cl-

, Br-, I- and S- - ions by direct potentiometry and thiamine in
pure and crude form including pharmaceutical preparation can
be determine by argentometric titration in presence of sodium
hydroxide using home made silver sulphide membrane as an
indicator electrode. Determination of thiamine by such silver
sulphide membrane electrode is simple, inexpensive and suf-
ficiently accurate.
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mine the thiamine in the vitamin tablets, the results obtained

are in agreement with the amount of thiamine determined by
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determine thiamine in pharmaceutical preparation.
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