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INTRODUCTION

Burning of coal and mining of gold releases a large amount
of mercury in the environment [1]. Bio-magnifications caused
by consuming mercury containing organisms are also one of
the major causes of exposure to mercury [2]. The importance
of mercury to the environment cannot be over emphasized.
From an environmental point of view, it is highly toxic, causing
severe damage to the human central nervous system. Mercury
concentrations in drinking, river or sea water are typically
below 5 µg L-1, making it extremely difficult to measure using
any particular technique. So, it becomes an utmost requirement
to detect the presence of mercury in different matrices.

A number of methods, such as atomic absorption spectro-
metry (AAS) [3,4], X-ray fluorescence spectrometry [5] and
potentiometry [6] have been used for determination of mercury
in the analytical samples. Very few sensors for potentiometric
determination of mercury(II) based on carbon paste electrode
(CPE) [7,8] and coated wire electrodes [9,10] have been
reported. However, these electrodes are not very fruitful as they

Synthesis, Characterization and Analytical Applications of Novel
Potentiometric Sensor Based on Chromium(III)Boratotungstophosphate

PERNITA DOGRA
1,*, HARISH K. SHARMA

2 and ANJU PARMAR
1

1Department of Chemistry, M.M. University, Mullana, Ambala-133207, India
2Department of Chemistry, M.M. University, Sadhopur, Ambala-134007, India

*Corresponding author: E-mail: pernita.dogra@mmumullana.org

Received: 5 January 2019; Accepted: 2 March 2019; Published online: 21 May 2019; AJC-19401

Ion selective electrode based on chromium(III) boratotungstophosphate was successfully fabricated for the detection of Hg(II) ions. The
characterization of electroactive material has been done with FTIR, SEM, EDS and X-Ray diffraction studies. Polymeric membranes
containing different composition of electroactive material and epoxy resin as binder were prepared. The best performance was shown by
the electrode with composition having 40 % electroactive material and 60 % epoxy resin. A reasonably short response time of 6 s was
shown together with a life of six months without any divergence in potential. The sensor possessed a near Nernstian slope of 25 ± 0.8 mV
decade-1 over a wide linear range of 1.0 × 10-1 M − 1.0 × 10-6 M Hg(II) ions. The electrode worked satisfactorily in the partially non-
aqueous medium also. The working pH range of the sensor was found to be 2.43-8.0. Analytical applicability of membrane sensor was
evaluated by using it as an indicator electrode for analysis of Hg(II) ions in different water samples procured from sea and canal waters. The
proposed electrode displayed good selectivity for Hg(II) in the presence of some transition metal(II) ions and lanthanide(III) ions.

Keywords: Chromium(III) boratotungstophosphate, Mercury(II), Selectivity coefficient, Potentiometric sensor.

Asian Journal of Chemistry;   Vol. 31, No. 7 (2019), 1481-1488

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike
4.0 (CC BY-NC-SA 4.0) International License which allows readers to freely read, download, copy, distribute, print, search, or link to the full
texts of its articles and to use them for any other lawful non-commercial purpose as long as the original source is duly acknowledged.

have the problem of low detection limits, a long response time
and they suffer from serious interferences by various cations.

Potentiometric sensors based on ion-selective electrodes
are suitable for analyzing different chemical species because
they offer many advantages such as precision, simplicity, sensi-
tivity, low cost and better selectivity. They are easily reprod-
ucible and highly stable with short response time. In this work,
the potentiomeric sensor based on chromium(III) based ion
exchanger has been successfully prepared and used for the
detection of Hg2+ in seawater (Arabian sea) and local canal
water (Jan Sui Head, Ambala). No chromium(III) based sensor
has been reported in the literature for the determination of
mercury(II) ions.

EXPERIMENTAL

A digital pH-meter 101 (Sr. No.-1402046) was used to
measure pH and temperature was measured with a Temperature
Meter-18. An electric thermostat oven (Universal) was used
for heating the sample at variable temperatures. Digital poten-
tiometer-118 (Sr. No.-1312575) was used for EMF measure-



ments. Effect of heat on the synthesized material (TGA analysis)
was observed with Mettler Toledo Star System. Advanced micro-
analysis solution AMETAK electron microscope was used to
obtain SEM/EDS images. Diffractometer (XPERT-PRO-Sr.
No.-11023505) was used for X-ray diffraction studies. IR spectrum
was obtained by KBr pellet medium.

To synthesize electroactive material, chromium sulphate,
boric acid, orthophosphoric acid and sodium tungstate were
used. pH control was done by using NaOH (0.1 M) and HCl
(0.1 M). All chemicals were procured from C.D.H. (INDIA),
Qualikems and S.D. Fine Chemicals Pvt. Ltd. The reagents
used were of analytical grade and of highest purity. Double
distilled water (DDW) was used throughout the process.

Synthesis of electroactive material: The sensor was synthe-
sized by sol-gel method. Four samples of chromium(III) borato-
tungstophosphate were prepared by using chromium sulphate,
sodium tungstate, orthophosphoric acid and boric acid in
different volume ratios (Table-1). The mixture of sodium tung-
state, orthophosphoric acid and boric acid was stirred continu-
ously at 60 ºC. Chromium sulphate solution was added to this
mixture with intermittent shaking. The pH of the mixture was
maintained by adding conc. HCl/NaOH. The resultant green
coloured gel was kept for 24 h at room temperature and then
filtered. The precipitates were washed with double distilled water
to remove traces of any sulphates or chlorides. The dried preci-
pitates were kept in distilled water to break into small granules.
The granular mixture was then dried at 40 ºC. The dried granules
were kept overnight in 0.1 M HCl to convert them into H+ ion
form. Intermittent shaking was done and the supernatant liquid
was replaced with fresh acid so as to ensure complete conver-
sion of the granules into H+ ion form. The material thus pro-
duced was then washed with demineralized water to remove
excess acid before drying finally at 50 ºC.

Ion-exchange capacity (IEC): Column operation method
[11] was used to measure ion-exchange capacity and it was
found to be maximum for sample-1 (Table-1).

Regeneration of electroactive material: Exchanger was
regenerated by keeping it in 0.1M HCl for overnight. It was
washed with demineralized water to make it free from all impu-

rities. To check reproducibility of exchanger, ion exchange
capacity was determined three times. It was found that there
was a decrease of only 7.21 % in exchange capacity after repeated
use. NaCl and NaNO3 were used as eluants and ion exchange
capacity was found to be almost similar with both the eluants
[12] (Table-1).

Distribution coefficient studies: The preferential selectivity
of electroactive material for a particular metal ion was evaluated
by distribution coefficient values (Kd values). The Kd values
for different metal ions like Sm(III), Mn(II), Ni(II), Co(II),
Pb(II), La(III), Cu(II), Cd(II), Hg(II), As(III) were evaluated
using the following formula [13]:

d

(I F) V
K

F W

−= × (1)

where Kd is the distribution coefficient value, I is the initial
volume of EDTA (0. 1 M) consumed by cations before equilib-
rium, F is the final volume of EDTA (0. 1 M) consumed by
cations after equilibrium, V is the initial volume of the metal
ion solution taken for analysis and W is the initial dry mass of
ion-exchanger. The values of distribution coefficient (Kd) are
given in Table-2.

TABLE-2 
DISTRIBUTION COEFFICIENT VALUES FOR Hg(II)  
SELECTIVE ELECTRO-ACTIVE SENSOR BASED ON 

CHROMIUM(III) BORATOTUNGSTPHOSPHATE 

Metal ions Kd values Metal ions Kd values 
Sm(III) 62.5 La(III) 25.0 
Mn(II) 66.6 Cu(II) 50.0 
Ni(II) 57.1 Cd(II) 80.0 
Co(II) 66.6 Hg(II) 150.0 
Pb(II) 100.0 As(III) 70.0 

 
Composition of membrane: The selectivity and sensitivity

of ion selective sensors is significantly influenced by the ratio
of amount of electroactive material and binder (Table-3). The
prepared membranes were diced into circular shape of diameter
2 cm. The membrane which gave reproducible results, best
response in terms of concentration range, response time and
slope was selected for further potentiometric studies [14].

TABLE-1 
CONDITIONS OF SYNTHESIS AND PROPERTIES OF CHROMIUM(III)BORATOTUNGSTO PHOSPHATE 

Sample 
No. 

Name of the 
constituent 

Mixing 
volume 

ratio 

Molar 
conc. (M) pH 

Temp. 
(°C) 

Colour in 
H+ ion 
form 

Morph 
Ology 

IEC (meq 
g-1) with 

NaCl 

IEC (meq 
g-1) with 
NaNO3 

1 

Chromium sulphate 
Orthophosphoric acid 
Boric acid  
Sodium tungstate 

1 
1 
1 
1 

1.0 
1.0 
1.0 
1.0 

1.0 60 Green Amorphous 0.704 0.704 

2 

Chromium sulphate 
Orthophosphoric acid 
Boric acid  
Sodium tungstate 

1 
1 
1 
1 

0.5 
0.5 
0.5 
0.5 

0.0 60 Green Amorphous 0.563 0.562 

3 

Chromium sulphate 
Orthophosphoric acid 
Boric acid  
Sodium tungstate 

3 
1 
1 
1 

1.0 
1.0 
1.0 
1.0 

1.0 60 Green Amorphous 0.347 0.345 

4 

Chromium sulphate 
Orthophosphoric acid 
Boric acid  
Sodium tungstate 

2 
1 
1 
1 

1.0 
1.0 
1.0 
1.0 

1.0 40 Green Amorphous 0.300 0.301 
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TABLE-3 
COMPOSITION OF MEMBRANES 

Ion selective 
membrane (%) 

Quantity of epoxy 
resin (g) 

Quantity of electro-
active material (g) 

40 0.60 0.40 
50 0.50 0.50 
60 0.40 0.60 

 
 EMF measurements: To measure EMF, the selected

membrane was attached to one end of the glass tube having
1.8 cm internal diameter [15,16]. The time needed to equili-
brate the membrane was optimized by keeping all the memb-
ranes in 0.1 M − 0.001 M solution of Hg(NO3)2 for variable
time period. The membrane which was equilibrated for two
days in 1.0 × 10-1 M Hg(NO3)2 solution gave the best results.
All the EMF measurements were conducted using the follo-
wing cell assembly.

Hg-Hg2Cl2 | KCl (sat) || 0.1 M Hg(II) || Membrane ||
Test solution || KCl (sat), Hg2Cl2-Hg

Constant potential values were recorded. The performance
of the electrode was further investigated by recording authentic
potential values with Hg(II) solutions with a concentration
range of 1.0 × 10-8 M to 1.0 × 10-1 M.

RESULTS AND DISCUSSION

Structural studies of electroactive material: The presence
of external water molecules along with -OH groups and other
metal oxides were identified using IR spectrum (Fig. 1). The
stretching vibrations due to B-O-B bonding were confirmed
[17] by the presence of a strong band at 740 cm-1. The presence
of BO3

− group was affirmed by the presence of a sharp band at
1411.2 cm-1 [18].
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Fig. 1. FTIR of chromium(III) boratotungstphosphate

A strong band at 1634 cm-1 was attributed to H-O-H bending,
being representative of strongly bonded -OH group in the
matrix [19]. While a band at 893.11 cm-1 was due to the presence
of 12 W-Ob-W oxygen bridges and corner sharing oxygen bridges
which is characteristic of Keggin structure of heteropoly acid
salt [20]. The weak bands at 619.8 and 487.11 cm-1 confirmed
the presence of Cr-O deformation vibrations [21]. The presence
of stretching vibrations due to Cr-O-Cr was confirmed [22]
by a band at 1052.3 cm-1. A band at 502.12 cm-1 affirmed the
presence of stretching vibrations characteristic of symmetric
and asymmetric bending [23] due to Oa-P-Oa bond in PO4

3−.
The broadening /shifting of bands from their normal modes
were due to coupling of valence shell electrons with vibrational

states of different molecules. So, it was concluded that incorp-
orated water molecules largely affect the properties of hetero-
polyacid salts [24].

Electron diffraction spectra of chromium(III) boratotungsto-
phosphate confirmed the presence of Cr, B, W, P, O charac-
terized by their respective peaks in the spectrum. Atomic ratio
of these elements was Cr:B:W:P:O::5.65:1.13:2.10: 3.90:
64.34, respectively. Oxygen content shown in the formula was
due to the molecular water, hydroxyl group and oxides. Based
on data obtained from EDS analysis, an empirical formula of
the synthesized exchanger was deduced as: [Cr2O3)5.13(H3BO3)-
(H3PO4)3.51(H3WO4)1.90]·nH2O.

The external water molecules were consistent only up to
200 ºC as shown by thermogravimetric studies (Fig. 2). The
sensor experienced a weight loss of 20.5 % upto 200 ºC. When
the sensor was heated above the recommended temperature,
the sensor lost external water molecules. To calculate the number
of external water molecules (′n′) present in the exchanger,
Alberti ′n′ formula [25] was used as follows:

X(M 18n)
18n

100

+= (2)

where X = weight loss (% ) at 200 ºC, (M+18n) is the molecular
weight of the material and ′n′ represents the number of water
molecules. This gives the value of ′n′ as 23.8  24. So the formula
of sensor deduced as [Cr2O3)5.13(H3BO3)(H3PO4)3.51 (H3WO4)1.90]·
24H2O with molecular weight 2093.02 a.m.u. The weight loss
of 10 % was further observed up to 500 ºC. This loss in weight
was due to the rearrangement of coordinated water, hydroxyl
molecules and other functional groups. There was a regular
decline in the weight of exchanger. The weight loss was continued
even up to 800 ºC i.e. 7.6 % due to loss of coordinated water
and hydroxyl groups [26].

12

10

8

6

4

2

0

W
e

ig
ht

 lo
ss

 (
%

)

0  200 400 600 800 1000

Temperature (°C)

Fig. 2. TGA analysis of chromium(III) boratotungstphosphate (CrBWP)

X-ray diffraction (Fig. 3) studies ensured lack of particular
angle of diffraction line which affirmed the amorphous nature
of heteropoly acid. Scanning electron microscope (Fig. 4) studies
revealed that the particles of heteropolyacid salt i.e. chromium(III)
boratotungstophosphate are broad and irregular in shape.

Calibration curve and statistical data: The selectivity
of ion selective electrode depends on the mobility of metal ion
sensor complex in the membrane and distribution of the metal
ions in aqueous phase and membrane. The electrode was charac-
terized on the basis of different parameters like response time,
measuring range and slope of calibration curve. The effect of
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Fig. 3. XRD of chromium(III) boratotungstophosphate

Fig. 4. SEM image of chromium(III) boratotungstophosphate

membrane composition on the potential response of sensor is
summed up in Table-4. The electrode with optimum composition
i.e. chromium(III) boratotungstophosphate:epoxy ratio (w/w)
(40:60) showed the best response and gave a near Nernstian
slope of 25.0 ± 0.8 mV decade-1 with very short response time
i.e. 6 s over the measuring range of 1.0 × 10-6 M to 1.0 × 10-1 M
whereas the electrode with composition 60 and 50 % displayed
a slope of 18-19 mV decade-1 in the concentration range of
1.0 × 10-6 M to 1.0 × 10-1 M. A standard deviation of ± 1.0 mV
decade-1 was observed. EMF values were plotted against log
of activities of Hg(II) ions. A representative response curve is
shown in Fig. 5.

According to IUPAC recommendations, the detection limit
is defined by the cross section of two extrapolated linear calib-
ration curves [27,28] and was found to be 1.0 × 10-6.5 M. The
potential response of the sensing behaviour of the electrode
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Fig. 5. Calibration curve for mercury selective electrode based on CrBWP
(40 %)

remained same whether the EMF was measured from higher
to lower or lower to higher concentration [29]. Potential response
of the sensor was tested for other cations like Pb(II), La(III),
Cd(II), Co(II), Hg(II), As(III), Cu(II), Ni(II), Mn(II), Sm(III)
etc. Among the different cations tested, Hg (II) showed best
linear range of 1.0 × 10-1 M to 1.0 × 10-6 M with Nernstian slope
of 25.0 ± 0.8 mV decade-1, whereas all other cations showed a
sub-Nernstian slope as shown in Fig. 6 (Table-5). It was due
to fast ion-exchange kinetics of the complex formed between
sensor membrane/sample interface and the highest selectivity
of sensor for Hg2+. Selectivity is also governed by its partition
coefficient between the membrane and sample solution.
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Fig. 6. Potentiometric response of the developed sensor based on CrBWP
to different cations (40 %)

TABLE-5 
POTENTIOMETRIC RESPONSE OF THE DEVELOPED  

SENSOR BASED ON CrBWP TO DIFFERENT CATIONS (40 %) 

Cation Linear  
range (M) 

Response  
time (s) 

Slope  
(mV decade-1) 

Cd(II) 
As(III) 
Sm(III) 
Cu(II) 
La(III) 
Pb(II) 
Hg(II) 

1.0 × 10-4 to 1.0 × 10-1 

1.0 × 10-4 to 1.0 × 10-1 

1.0 × 10-4 to 1.0 × 10-1 

1.0 × 10-4 to 1.0 × 10-1 

1.0 × 10-3 to 1.0 × 10-1 

1.0 × 10-4 to 1.0 × 10-1 

1.0 × 10-6 to 1.0 × 10-1
 

16.0 
20.0 
17.0 
23.0 
18.0 
23.0 
 6.0 

13.5 
10.5 
9.25 
11.0 
8.0 
11.5 
25.0 

 

TABLE-4 
OPTIMIZATION OF MEMBRANE 

Electro-active 
material 

Electrode  
No. 

Electro-active 
material (%) 

Binder Slope  
(mV decade-1) 

Detection  
limit (M) 

Response  
time (s) 

CrBWP E-1 40 Epoxy 25.0 ± 0.8 1.0 × 10-6.5 6.0 
CrBWP E-2 50 Epoxy 19.0 ± 0.7 1.0 × 10-6.0 13.0 
CrBWP E-3 60 Epoxy 18.0 ± 0.5 1.0 × 10-6.0 17.0 
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Response time: The appraisal of analytical applicability
of ion selective electrode was done by measuring static and
dynamic response time [30]. The response time of ion-selective
electrode is the average time required to obtain a potential within
± 0.1V of the final steady-state potential after a ten-fold
increase or decrease in the concentration of analyte upon succe-
ssive immersion in a series of interested ions. The change in
the EMF was plotted from the moment solution of concentra-
tion 1.0 × 10-6 M Hg (II) ions was added with respect to time
for the sensor to show the response. The response time was
obtained from the plot and found to be 6 s. The Hg(II) solution
with a 10 times difference in the concentration was added in
the sequence of high to low concentration to check the practical
reversibility of sensor and the EMF was measured for each such
addition of Hg(II) solution [31]. The graph of EMF vs. time
for sensor is shown in Figs. 7 and 8. The sensor response time
remained unchanged whether the potential was recorded from
higher to lower concentrations or vice-versa.
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Fig. 7. Dynamic response time of the sensor based on CrBWP for stepwise
change in the concentration of Hg(II)ions (1.0 × 10-1 M to 1.0 ×
10-6 M Hg(II) ions)
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Fig. 8. Static response time obtained practically for the developed
potentiometric sensor based on CrBWP by the addition of Hg(II)
(1.0 × 10-2 M Hg(II) ions)

Sensor selectivity: The sensor selectivity was predicted
in terms of selectivity coefficient values. It was expressed as a
response shown by ISE to the primary ion in the presence of
other ions present in analyte solution. The interference by diff-
erent ions was found by fixed interference method (FIM) [32].
Interferring ion solutions with concentration 2.0 × 10-3 and
2.0 × 10-4 M were mixed with 2.0 × 10-1 − 2.0 × 10-8 M of Hg(II)
ions. The selectivity coefficient Kpot

A,B was calculated using
Nicolsky-Eisenman equation:

pot A
A,B

B A B

a
K

(a )z /z
= (3)

where Kpot
A,B is the potentiometric selectivity coefficient; ZA and

ZB are the charges of primary and interfering ions; aA and aB

are the activities of primary ion A and the interfering ion B,
respectively. According to Nicolsky-Eisenman equation, if the
value of Kpot

A,B < 1, then ISE responds to primary ions more
selectively than the corresponding interfering ions and if value
of Kpot

A,B > 1, then ISE responds towards interfering ions
preferably than primary ions [33].

The selectivity coefficient values of the reported electrode
are shown in Table-6. The values indicated that developed sensor
exhibited highest selectivity for Hg(II) ions over a number of
other cations. The typical selectivity pattern for other hazardous
metal ions predicted by the reported electrode is given as below:
Hg(II) > La(III) > Sm(III) > Co(II) > Pb(II) > Ni(II) > Cd(II)
> Mn(II) > Cu(II) > As(III) (with 2.0 × 10-3 M concentration
of interfering ion solution); while Hg(II) > La(III) > Sm(III) >
Ni(II) > Mn(II) > Co(II) > As(III) > Pb(II) > Cu(II) > Cd(II)
(with 2.0 × 10-4 M concentration of interfering ion solution).

TABLE-6 
SELECTIVITY COEFFICIENT FOR Hg(II)  

SELECTIVE ELECTRODE BASED ON CHROMIUM(III) 
BORATOTUNGSTOPHOSPHATE AT DIFFERENT 

CONCENTRATIONS 

Selectivity coefficient values ( pot
A,BK ) 

Interferring ion (B) 
2.0 × 10-3 M 2.0 × 10-4 M 

Cd(II) 
Ni(II) 
Cu(II) 
Sm(III) 
La(III) 
Co(II) 
Mn(II) 
Pb(II) 
As(III) 

2.60 × 10-4 

2.80 × 10-4 

1.80 × 10-4 

3.50 × 10-2 

3.70 × 10-2 

3.04 × 10-3 

2.00 × 10-3 

2.80 × 10-4 

3.50 × 10-4 

1.9 × 10-4 

1.7 × 10-3 

2.6 × 10-4 

1.6 × 10-3 

1.8 × 10-3 

2.8 × 10-4 

3.0 × 10-4 

1.9 × 10-4 

2.5 × 10-4 

 
Effect of internal solution concentration: For quantitative

measurements with ISE, studies were carried out to reach the
optimum experimental conditions. From Fig. 9, it was clearly
visible that the behaviour of electrode was unaffected by change
in the concentration (Table-7). There was an expected change
in the intercept of calibration curve, which was same as observed
by Sharma et al. [34].
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Fig. 9. Calibration curve showing effect of internal solution on 40 %
electrode based on CrBWP
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TABLE-7 
EFFECT OF INTERNAL SOLUTION ON THE RESPONSE OF Hg(II) SELECTIVE  

ELECTRODE BASED ON CHROMIUM(III)BORATOTUNGSTOPHOSPHATE 

Solution No. Concentration of 
internal solution (M) 

Membrane 
composition (%) 

Slope  
(mV decade-1) 

Response  
time (s) 

Linear concentration  
range (M) 

1 
1.0 × 10-1 

1.0 × 10-1 
1.0 × 10-1 

60 
50 
40 

18.0 
19.0 
25.0 

17.0 
13.0 
6.0 

1.0 × 10-6 to 1.0 × 10-1 

1.0 × 10-6 to 1.0 × 10-1 
1.0 × 10-6.5 to 1.0 × 10-1 

2 
1.0 × 10-2 

1.0 × 10-2 
1.0 × 10-2 

60 
50 
40 

21.5 
18.0 
23.0 

15.0 
14.0 
15.0 

1.0 × 10-6.2 to 1.0 × 10-1 
1.0 × 10-5.8 to 1.0 × 10-1 
1.0 × 10-6.0 to 1.0 × 10-1 

3 
1.0 × 10-3 

1.0 × 10-3 
1.0 × 10-3 

60 
50 
40 

20.0 
19.5 
24.0 

14.0 
13.0 
15.0 

1.0 × 10-6.2 to 1.0 × 10-1 
1.0 × 10-5.1 to 1.0 × 10-1 
1.0 × 10-6.4 to 1.0 × 10-1 

 
Effect of pH and non-aqueous solution: The influence

of pH on the performance of electrode was studied over a pH
range of 2.0-12.0. It was clear from the curve (Fig. 10) that the
potential remained constant in the pH range of 2.43-8.0. There-
fore, this range was assumed to be the working pH range for
the electrode assembly. The change in the EMF value with
increase or decrease in pH was due to hydrolysis of Hg(II)
ions, contribution of H+ ions from the solution and by charge
transport process of the electrode, thereby causing interference.
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Fig. 10. Effect of pH on mercury selective electrode based on CrBWP

The effect of partially non-aqueous solution on the perfor-
mance of electrode was also investigated by using ethanol-water,
methanol-water and acetone-water mixtures [35]. The electrode
worked well in mixture having 10, 20 and 30 % (v/v) partially
non-aqueous solution (Fig. 11) and the resulting values are
summarized in Table-8. It was elucidated from the data that
the expected change in the intercept of the calibration curve
was same as observed by Dogra et al. [36].

TABLE-8 
EFFECT OF PARTIALLY NON AQUEOUS  

MEDIUM ON THE WORKING OF Hg(II) IONS  
SELECTIVE ELECTRODE BASED ON CrBWP 

Solvent Percentage 
(v/v) 

Slope  
(mV decade-1) 

Detection  
limit (M) 

Acetone 
10 % 
20 % 
30 % 

24.5 
24.0 
24.0 

1.0 × 10-6.7 

1.0 × 10-6.2 

1.0 × 10-6.0 

Ethanol 
10 % 
20 % 
30 % 

24.0 
24.5 
24.5 

1.0 × 10-6.0 

1.0 × 10-6.4 

1.0 × 10-6.2 

Methanol 
10 % 
20 % 
30 % 

24.0 
24.0 
24.0 

1.0 × 10-6.0 

1.0 × 10-6.3 

1.0 × 10-6.4 
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Fig. 11. Effect of partial non aqueous solutions on the working of Hg(II) ions
selective electrode based on CrBWP

Analytical applications

Indicator electrode: The sensor was also used as an indicator
electrode in the potentiometric titrations with EDTA and oxalic
acid solutions [37]. A 10 mL of 0.01 M Hg(II) ion solution
was titrated with 5 × 10-3 M EDTA and oxalic acid solution
separately. A sharp inflection point at the titrant volume (corres-
ponding to end point) confirms the formation of 1:1 complex
between EDTA/oxalic acid solution and Hg(II) ions (Fig. 12)
[38]. The results revealed that the electrode can be successfully
used as indicator electrode.
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Inflection 
point

Fig. 12. Potentiometric titration curve using proposed sensor as an indicator
electrode (5.0 × 10-3 M oxalic acid/EDTA)

In real samples: The proposed electrode was successfully
used for determination of Hg(II) in sea water and river water.
The results were compared with the data obtained by AAS
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(Table-9).The water samples were collected from different sea
beaches of Goa (India) and from the local canal at Jansui Head
(Ambala city). The results indicated that the concentration of
Hg(II) in different samples obtained potentiometrically was
in good agreement with that obtained from AAS. Thus, the
proposed electrode was highly accurate, precise and reproduci-
ble and can be easily applied for quantification of Hg(II) in
real samples.

Statistical verification of analytical data: The analytical
data obtained for the real samples by AAS as well as by the
proposed electrode was further verified with statistical methods
[39]. It was done by performing F-Test and t-Test at 95 %
confidence level. The calculated F-values were less than the
critical F-value at 95 % confidence level (Table-10). It was
observed that critical t-value was greater than calculated t-
value so null hypothesis (significant difference between the
results obtained by official method and that obtained by using
proposed sensor) was rejected. It was also observed that proba-
bility value (′p′ value) was greater than alpha (> 0.05) which
provided the evidence that the proposed electrode can be suit-
ably used to check the presence of Hg2+ in the real samples.

TABLE-10 
STATISTICAL VERIFICATION OF THE DATA  

OBTAINED FOR THE DETERMINATION OF Hg(II)  
IONS IN REAL-LIFE SAMPLES USING MERCURY  

SELECTIVE ELECTRODE BASED ON CrBWP 

Sample name 
Recovery by Hg(II) 

selective electrode (%) 
F-Test T-Test 

Canal water 94.81 2.14 0.2 
Sea water 94.52 1.20 0.4 
Lab sample 94.93 2.15 0.2 

 

Comparability of proposed electrode with reported sensors
selective for mercury ions: The working of proposed electrode
was compared with the reported sensors selective for mercury
[40-44] and found that electrode based on chromium(III) borato-
tungstophosphate was superior with respect to its properties
(Table-11).

Shelf-life of electrode: The EMF measurements were
carried out over a considerable period of time to determine life
time of the electrode. The electrode displayed constant potential
reading within ± 1 V for day to day measurements and the cali-
bration curve did not change by more than ± 1 V over a period
of six months. After six months, the linear range becomes limited.

Conclusion

Chromium(III) boratotungstophosphate can be easily
prepared for making sensor for the detection of Hg(II) ions.
The electrode has a long life, wide detection limit and excellent
pH range. The electrode exhibited good tolerance to partially
non-aqueous solvents and can also be used as indicator electrode
with potential stability. Presence of other metals did not have
any influence on the selectivity of electrode. The electrode was
also used successfully for the direct determination of mercury
ions in canal water and sea water.
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TABLE-9 
POTENTIOMETRIC DETERMINATION OF Hg II) IONS IN DIFFERENT WATER  

SAMPLES USING MERCURY SELECTIVE ELECTRODE BASED ON CrBWP 

Sample name Amount of Hg found by using 
proposed electrode in (mg L-1) 

Amount of Hg found 
by AAS (mg L-1) 

RSD (%) Recovery (%) WHO limit 
(PTWI) 

Canal water (Jan Sui Head, Ambala) 0.660 0.700 0.0640 94.20 1.6 µg/kg 
Sea water (Goa Sea Beach) 0.069 0.073 0.0141 94.52 0.5-3 ng L-1 

Lab sample 1.500 1.580 0.0200 94.93 – 

 

TABLE-11 
COMPARISON OF NEW ELECTRODES WITH ALREADY REPORTED SENSORS SELECTIVE FOR MERCURY IONS (Hg2+) 

Name of the sensor Slope (mV 
decade-1) 

Linear range 
(M) 

pH 
range 

Response 
time (s) 

Detection 
limit (M) 

Interference by 
other cations 

Ref. 

4-(4-N,N-dimethylphenyl)-2,6-
diphenylpyrilium tetrafluoroborate 

34.0 1 × 10-8 to  
1 × 10-6 

2.5-7.0 180 s 1 × 10-8 Alkaline earth 
metals and alkali 

metal ions 

[40] 

Diphenylthiocarbazone 29.7 5.0 × 10-6 to 
1.0 × 10-2 

3.5-8.0 60-120 s 3.0 × 10-7 Na+, K+, Zn+, 
Cu2+, Cr3+, Fe2+, 

Ca2+, Mg2+ 

[41] 

Subsituted thiourea 28.4 ± 1.0 1 × 10-7 to  
1 × 10-1 

– 30 s 7.0 × 10-8 – [42] 

Trioctylmethylammonium 
thiosalicylate 

44.08 ± 1.0 1.0 × 10? 9 to 
1.0 × 10? 2  

3.0-9.0 5 s 1.0 × 10-10 – [43] 

Tetrazolium-triiodomercurate 55.4 ± 0.4 
 

1.0 × 10-6 to 
6.0 × 10-1 

4.0-9.0 30-50 s 4.0 × 10-6 Ca2+, Mg2+, Cu2+, 
Cr3+, Na+, Zn2+ 

[44] 

Chromium(III)boratotungstophosphate 25.0 1 × 10-6 to  
1 × 10-1 

2.43-8.0 6 s 1.0 × 10-6.4 – Present work 

 

[40]

[41]

[42]

[43]

[44]
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