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Abstract

Various methods such as silicon grease, pellet, PVC and coated wire
were employed for preparation of acetate sensitive -electrode.
Reproducibility of electrode potential, response time and their stability
were investigated. The potential of electrode has been studied with
different concentrations of acetate ion. These electrodes were used for
direct potentiometric determination of acetate ion in food preservatives
(vinegar sample), water and water-alcohol mixture solvents. Suitable
empirical equations have been developed for reliability of data.
Electrodes were also used as an end point detector in potentiometric

titration.
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Introduction:-

A number of metal-metal salts electrodes [1-5] have been prepared and studied to determine the concentration of
anion of the respective metal salt used in the preparation of electrode. However, investigation of electrodes which
can be respond to organic anions as well as sulphur containing organic anions are rather limited. This suggests that
work may also be directed in this direction. Present investigation is mainly based on the development of acetate,
dithioacetate, thiocarbamide and diethyl dithiocarbamide ions sensitive electrode by PVC method, silicon grease
method, coated wire method and pellet method. Electrode characteristics like reproducibility, response time and
stability/durability of electrodes have been evaluated and discussed to select the best working method of the
electrode.

Sulphide [1-5], fluoride [6], bromide [7-8], iodide [9-13] acetate [14-16] and oxalate [17] anion sensitive electrode
has beenprepared by a number of investigators using respective mercurous salts. Chloride anions [18-21] sensitive
electrode based on silver chloride have been developed by a number of investigators which is very reproducible and
fairly easy to prepare. This electrode has been used to investigate the thermodynamics of electrolytes in aqueous,
partially aqueous and non aqueous solutions over a wide range of temperatures as well as in determining the
dissociation constants of weak acids and bases accurately [22-26]. Sulphate ion sensitive electrode based on
mercurous sulphate has been prepared and used to determine transport numbers and activity coefficients. The
reproduce ability of this electrode has been shown to be = 0.3 mV by measurement on sulphuric acid in the hydrous
methanol [27-29] sulphate anion sensitive electrodes have been studied in details [30-34] as these electrodes found
use in the lead accumulator. It is interesting to mention that under condition of slow discharge [35-36]. The cell
reaction is strictly
Pb + PbO, + 2H,SO,— 2PbSO4+ 2H,0
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Proposed as early as 1882 by Gledstone and Tribe [37].Gurtu and coworker [38] have prepared a number of
sulphide, thio-organic anions and other complex organic anions using simple methods and have been used them for
direct potentiometric determinations of respective ions. Kushwaha and coworkers [39] have studied a number of
anion sensitive membrane electrodes with respect to various electrode characteristics.

Ion-selective electrodes (ISEs) are small size, portable and economical [40] used in potentiometric measurements
[41, 42] and also applicable in environmental [43], clinical [44] and food [45] analysis.

Materials and Methods: -
The equipment used for measurement of e.m.finvolvedifferent important parts of the apparatus such as
potentiometric system, thermostat and standard half cell.

Potentiometric System: the e.m.f measurement was carried out by a portable potentiometer made by Toshniwal PL
52, which has built in standard cell and a robust taut suspension galvanometer was used and detections were
measured with Bajaj make lamp and scale arrangement.

Thermostat: temperature of solution was maintained by mean of thermostatic water bath fitted with a toluene
regulator.

Standard half cell: a saturated calomel electrode was used as a standard half cell. This cell has a low resistance and
therefore, ensures good deflection in the galvanometer. The cell was occasionally checked against M/20 potassium
hydrogen phthalate solution in order to ensure accuracy. For the purpose to prepare cell, dry and purified mercury
was taken into a tapered tube (length 8 cm; diameter 1.5 cm) to a height of about 3 cm. A homogeneous paste
consisting of 5 gm of mercury and 10 gm of calomel was prepared by rubbing together with a pestle in mortar made
of glass and washed several times in a saturated solution of potassium chloride by the process of decantation. The
paste was then poured over the surface of mercury in the tapered tube to a thickness of about 1 cm along with some
crystals of potassium chloride. The tube was finally filled with a saturated solution of potassium chloride.

The mouth of tube was then closed with sulphur free rubber cork having a hole through which was passed a tube at
the lower end of which a platinum wire was fused. The tube was so placed that the platinum wire should be dipped
in the lowest mercury layer so that platinum wire could make electrical connection with the outer circuit through
mercury placed inside the tube. A U-tube (length 4 cm) with one end of capillary size filled with a jelly consisting of
one part of agar-agar and nine-part potassium chloride was joined to the tapered tube in such way that it was
connected with the saturated potassium chloride solution in the tapered tube while the capillary end kept out.

The cell after its preparation was left for 24 hours to attain equilibrium. The capillary end was maintained in the
conductivity water to prevent drying up of the agar-agar jelly.

Acetate Sensitive Electrode:

PCV Method:

A silver wire of length 2 cm and diameter 0.2 mm was fused in pyrex tubing of internal bore of about 5 mm in such
way that about 1 cm length of it remained outside. It was cleaned with chromic acid and conductivity water and then
immersed in a solution prepared by dissolving 90% silver acetate precipitate and 10% PVC in minimum possible
volume of tetra hydrofurane. The solvent was evaporated using a water bath and the electrode was left to dry
overnight. From the outer side of the tube a few cc of mercury was added and a copper wire was inserted for
electrical connections. It was then kept immersed in 0.00IM sodium acetate solution for 30 minutes for
conditioning. The electrode was washed and then immersed in conductivity water for 24 hours. The electrode was
now ready for use. To ensure the reproducibility over a long period of time, the electrode is maintained in
conductivity water after use shown in figurela.

Silicone Grease Method:

The freshly precipitated silver acetate was mixed with minimum quantity of non-reacting silicone grease (BDH
England) thoroughly, using a glass spatula and a glass plate. This cohesive mixture was then sucked into a glass tube
of internal bore 2 mm. From the other side a few cc of silver amalgam and mercury was added then a copper wire
was inserted for electrical connections. It is then immersed in 0.001 M sodium acetate solution for 30 minutes for
conditioning. The electrode was washed and kept immersed in conductivity water for 24 hours to attain equilibrium

968



ISSN: 2320-5407 Int. J. Adv. Res. 8(12), 967-974

potential. The electrode is now ready for use. To ensure the reproducibility over a long period of time, the electrode
was maintained in conductivity water after use shown in figure 1b.

Coated Wire Method:

A platinum wire (length 2 cm, diameter 0.25 mm) was fused in a pyrex tube so that 1 cm of wire remained outside.
The assembly was then cleaned with chromic acid mixture and finally with conductivity water. The assembly was
then dried in electrical oven.

Silver was deposited electrically on the platinum wire using soluble silver cyanide complex, KAg(CN),, in excess of
potassium cyanide. The current and voltage were so regulated that about 0.2 gm of silver was deposited in about half
an hour. The silver electrode so prepared was washed in conductivity water and then kept immersed in pure aqueous
acetic acid (1%) for sufficient time so as to get uniform coating of silver acetate on it.

Form the other side of the tube a few cc of mercury was added and a copper wire was inserted for electrical
connections. The electrode was again washed in conductivity water and kept immersed in 0.001 M sodium acetate
solution for 30 minutes for conditioning. The electrode was washed and kept immersed in conductivity water for 24
hours to attain equilibrium potential. To ensure reproducibility over a long period of time the electrode was
maintained in conductivity water the electrode is shown in figure 1c.

Pellet Method:

The freshly precipitated silver acetate is pressed in a dye of tube used to press pellet for infrared analysis (Backmann
instrument). The pellet is pressed at about 10° psi at room temperature under vacuum for about 2 hours. The pellet is
made to stick to one of the end of tube using araldite. From the other side a few cc of silver amalgam and mercury
are added and a copper wire is also inserted for making electrical connections. The whole assembly is conditioned in
0.001 M sodium acetate solution for 30 minutes and finally in conductivity water for 24 hours. The electrode was
now ready for use. To ensure reproducibility over a long period of time, the electrode is maintained in conductivity
water after use. The electrode is shown in figure 1d.
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Fig. 1:- Acetate ion sensitive electrode prepared by different methods: (a) PVC method, (b) Silicon grease method,
(¢) Coated wire method and (d) Pellet method.

Result and Discussion:-

Reproducibility:

In orderto investigate the reproducibility of electrodes obtained by different methods, the electrode potential was
recorded at two different concentrations of acetate ion and given in table 1.
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Table 1:- Study of reproducibility behavior of the electrode potential of acetate ion sensitive electrodes at different
concentrations of acetate ion in aqueous medium at 25°C.

Electrode | Electrode potential (Volts)
No. Different concentrations of acetate ion in aqueous medium
2.51x10° M 2.51x10° M
PVC Silicon grease | Coated wire | PVC method | Silicon grease | Coated wire
method method method method method
1 0.164 0.165 0.164 0.224 0.222 0.220
2 0.160 0.164 0.160 0.219 0.223 0.216
3 0.167 0.167 0.166 0.227 0.225 0.225
4 0.173 0.162 0.158 0.235 0.219 0.208
5 0.169 0.161 0.161 0.228 0.220 0.212
6 0.164 0.165 0.168 0.223 0.221 0.231
7 0.158 0.170 0.162 0.214 0.228 0.225
8 0.153 0.162 0.171 0.209 0.218 0.235
9 0.164 0.169 0.153 0.224 0.227 0.212
10 0.166 0.166 0.162 0.229 0.221 0.215

As evident from the table 1, all the ten electrodes gave similar values of electrodes potentials at different acetate ion
concentration. Standard deviation of the electrode potential prepared by PCV, silicon grease and coated wire
methods are worked out to be £6.6 mV, +3.1 mV and £8.2 mV, respectively. A representative %raph of electrode
potential of ten different electrodes prepared by silicon grease method at 2 x 10° M and 2 x 10~ M of acetate ion
concentrations shows reproducible behavior with very less standard deviation (Fig. 2).

0.23 - .
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E ()
e / \
0224 ¢ \./0/° \ / e
[}
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0.20 -
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W 0.19
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Electrode

Fig. 2 Reproducible behaviour of different electrodes prepared by silicon grease method.

Response Time and Stability:

Stability test of electrode prepared by different methods were performed by measuring the electrode potential of
each electrode at different concentration of acetate ion in aqueous medium towards time required to established
equilibrium potential at 25°C and the results so obtained are shown in table 2.

Table 2:- Study of response behavior of the electrode potential of acetate ion sensitive electrodes prepared by
different method at different concentrations of acetate ion in aqueous medium towards time required to reach
equilibrium potential at 25°C.

] Time in | Electrode potential (Volts)
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minutes Different concentrations of acetate ion in aqueous medium
2.51x10° M 2.51x10° M

PVC Silicon grease | Coated wire | PVC Silicon grease | Coated wire

method method method method method method
0.5 0.079 0.082 0.089 0.149 0.141 0.133
1.0 0.112 0.115 0.105 0.172 0.169 0.151
2.0 0.149 0.165 0.128 0.201 0.222 0.175
3.0 0.164 0.165 0.140 0.223 0.222 0.189
4.0 0.164 0.165 0.151 0.224 0.222 0.202
5.0 0.164 0.165 0.164 0.224 0.222 0.220
10.0 0.164 0.165 0.164 0.224 0.222 0.220
20.0 0.164 0.165 0.164 0.224 0.222 0.220
30.0 0.164 0.165 0.164 0.224 0.222 0.220
40.0 0.164 0.165 0.164 0.224 0.222 0.220

From the above table it is seen that the values of electrode potential become constant within 3, 2 and 5 minutes for
PVC, silicon grease and coated wire method, respectively and remain steady up to 40 minutes. After use the
electrode must be kept immersed in conductivity water for conditioning of the electrode. The electrode potential
values were plotted against response time and shown in Figure 3(a, b and c).

E/NV
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0.08 S
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Time/minute

Fig. 3a Potential of electrode prepared by PVC method vs responce time
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Fig. 3b Electrode potential prepared by silicon grease method vs response time
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Fig. 3c Potential of electrode prepared by coated wire method vs response time

Table 3:- Study of stability behavior of the electrode potential of acetate ion sensitive electrodes prepared by
different methods with different concentrations of acetate ion in aqueous medium over a long period of time at 25°C.

Time in months Electrode potential (Volts)
Different concentrations of acetate ion in aqueous medium
2.51x10° M 2.51x10° M
PVC Silicon Coated PVC Silicon Coated
method grease wire method grease wire
method method method method
0 0.164 0.165 0.164 0.224 0.222 0.220
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5 0.167 0.164 0.165 0.228 0.221 0.221
10 0.162 0.165 0.163 0.222 0.224 0.220
15 0.165 - 0.164 0.227 - 0.218
20 - - ; ; : }

The electrode is stable up to 15, 10, 15 months for the acetate ion sensitive electrode prepared by PVC method,
silicon grease method and coated wire method, respectively. If maintained in conductivity water and kept away
from dust particles. The variation in the values of electrode potential is within the range of standard deviation
worked out for these electrodes and shown in figure 4.

0.23 4
i
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Time/month
Fig.4 Stability behaviour of acetate senstive electrode at two different concentrations

Conclusions:-
Following conclusions are withdrawn from these investigations:

1.
2.

3.
4.

Acetate ion sensitive electrode has been found suitable as an indicator electrode for acetate ion.

The acetate ion sensitive electrode has been prepared by four different methods viz., PVC method, silicon
grease method, coated wire method and pellet method.

The pellet method did not perform well and so the electrode prepared by this method was not studied further.
The standard deviation values of the potential of the acetate sensitive electrodes prepared by the three methods,
viz., PVC method, silicon grease method and coated wire method are in the following order:Silicon grease type
(#3.1) <PVC type (£6.6) < coated wire type (+8.2

The response time values of the acetate sensitive electrodes prepared by three methods, viz., PVC method,
silicon grease method and coated wire method are in the following order: Silicon grease type (2) < PVC type (3)
< coated wire type (5)

The stability of acetate sensitive electrode prepared by three methods viz., PVC method, silicon grease method
and coated wire method are in the following order: Silicon grease type (10) < PVC type (15) = coated wire
type (15

The acetate sensitive electrode was maintained in conductivity water away from the dust particles after used so
that their response towards acetate solutions may remained unaltered.

It is recommended that further study should be done with the electrode prepared by silicon grease method as
this electrode was found to be more accurate with less response time.

It is further recommended that acetate sensitive electrode may be used as an end point detector for
potentiometric titration for acetate solution with metals.
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