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ABSTRACT 

The application of potentiometric stripping analysis for the 

determination of anions at gel stabi 1 i zed water /ni trobenzene 

interface has been studied. A four electrode potentio-galvanostat 

with differentiator circuit used to carry out the experiment was 

constructed in our laboratory. 

The performance of the gel stabilized nitrobenzene/water 

interface was preliminary tested using cyclic voltammetry, phase 

selective AC voltammetry, differential pulse voltammetry and 

differential pulse stripping voltammetry. The ions studied 

include ClO.- and N03-. The ion transfer across the gel/water 

interface was found to be diffusion controlled under the 

experimental conditions. The half wave potential difference 

between two ions calculated was in good agreement with literature 

data. 

The influence of deposition time, current density and rest 

period on the transition time, f, of the stripping step was 

investigated. stripping times obtained in derivative mode were 

found to be significantly longer than those obtained in the 

normal mode (based on 99.9% confidence level). The simultaneous 

determination of ClO.- and N03 - is possible by PSA and DPSA: 

viii 



1. INTRODUCTION 

Chemical stripping of potentiostatically deposited elements 

was first described by Bruckenstein and Bixler in 1965 [1] for 

the determination of strong oxidants such as cerium(IV), 

permanganate and iron(III) at low concentrations. In latter work 

Bixler and Stafford [2] have investigated the chemical oxidation 

of copper deposited on a platinum electrode by Ce (IV). 

However, potentiometric stripping analysis (PSA) as an 

electroanalytical technique was rediscovered in 1976 by Jagner 

and Graneli [3]. They were the first to give the name PSA to the 

technique. Ever since 

analysis. 

PSA has been used for trace metal 

PSA is a two step electroanalytical technique. The ions to 

be determined are deposited potentiostatically at an electrode 

(deposition step) followed by stripping off the deposit either 

chemically using oxidizing [4] or reducing [5,9] agents or 

electrochemically by imposing a constant current [6,7] on the 

electrode. 

Working electrodes frequently employed in PSA are thin film 

mercury electrodes [3,11], glassy carbon [8,10], platinum [9], 

gold [12], gold micro electrodes [14] and carbon fibres [13,15]. 

The technique has been applied for the determination of cadmium, 

copper, lead, mercury and silver [4]. and for the determination 

of electro positive elements such as alkali and alkaline earth 

metals [11]. Reductive PSA offers the possibility to determine 

Mn(II) [9], Se, S and halides [5]. 
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In the course of the stripping step the potential of the 

working electrode is recorded as time function. The time f needed 

for complete stripping off the deposited material from the 

electrode (transition time or stripping time) is obtained from 

the potential-time curve and serves as analytical signal for the 

quantitative analysis. The half wave potential of the redox pair 

under investigation can be obtained from the chronopotentiogram 

and is used for qualitative identification [12,16,17]. 

The detection limit in PSA can be influenced in two ways. 

Since the stripping time is not only proportional to the 

concentration of the ion but as well to the deposition time the 

detection limit in PSA can be lowered by elongating the 

deposition time. On the other hand there is a possibility to 

achieve longer stripping times either by minimizing the 

concentration of the oxidizing or the reducing agent employed for 

chemical stripping or by lowering the current density imposed on 

the electrode for electrochemical stripping [29] •. 

The need for longer deposition times in trace analysis is 

also reduced by the introduction of some technical improvements 

which include computer controlled instruments [19,20], 

differential mode PSA [23, 24], integrated PSA [25] and the 

combination PSA with the flow injection technique [6, 10, 21, 

22] • Cellulose coated electrodes [ 26] and constant current 

enhanced PSA [27] have been introduced to improve the 

sensitivity of the technique. 

PSA has been found to be advantageous over some other 

electroanalytical techniques due to its wide applicability in the 

2 



determination of heavy metals in different samples such as, sea 

water, tap water and biological fluids [4,28]. In addition, PSA 

becomes an interesting analytical tool due to the simplicity of 

instrumentation, its good precision and accuracy. 

It has also been shown that the interface between two 

immiscible electrolyte solutions (ITIES) can serve as a working 

electrode in PSA [30]. This preliminary investigation on ITIES 

has shown that the method can be applied for the trace analysis 

of anions. 

There are extensive reviews about the electrochemistry at 

ITIES found in the literature [31, 32, 33]. Charge transfer 

reactions across the ITIES can be stUdied by the same 

electrochemical techniques which have been used at the 

metal/electrolyte solution electrode [31,32]. The electrochemical 

techniques utilized so far are chronopotentiometry [34-36], DC 

cyclic voltammetry [37,38], polarography at an electrolyte 

dropping electrode [39-41], impedance measurements [42,43], AC 

cyclic voltammetry [44] and differential pulse stripping 

voltammetry performed at a hanging electrolyte drop electrode 

[45,46]. 

An organic solvent has to meet several requirements to be 

utilized as oil phase. The mutual solubility with water must be 

very low, the difference in density with respect to water has to 

be large enough to form a stable interface and the permittivity 

must be high enough to ensure the dissociation of the supporting 

electrolyte [3ib]. 

The organic solvents used so far [see Ref. 31b] are 
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nitrobenzene, 1,2-dich10roethane [47), chloroform, benzonitri1e, 

o-ni troto1une [49), ni troethane [50) and solvent mixtures as 

nitrobenzene-benzene and acetonitrile-chloroform (49). 

o-nitrophenyloctylether frequently employed as plasticizer in 

ion-selective electrodes has also been used as organic solvent 

[52). 

The potential range (potential window) where the ITIES is 

polarized depends on the supporting electrolytes employed in the 

organic and the aqueous phase. The electrolytes are chosen thus, 

the supporting electrolyte used in the aqueous phase consists of 

very hydrophilic ions (LiCI, Li,So., LiF, MgCl 2 , MgSO.) while the 

supporting electrolyte utilized in the organic phase consists of 

lipophilic ions (TPAsTPB, TBATPB, CVTPB, TPenATPB) [31b). It has 

been found that the positive edge of the potential window can be 

extended by using dipicrylaminate [53), tetrakis (4-fluoro 

phenyl) borate, tetrakis(4-chloro-phenyl)borate, tetrakis (3,5-

bis[tri-fluoromethyl) phenyl) borate [54) and dicarbollyl cobalt 

(III) as anion while the negative edge is extended when 

tetrapentyl ammonium, tetrahexyl ammonium [54) or crystal violet 

[55, 56] is the cation of the supporting electrolyte in organic 

phase. It has been shown that salting out of the organic ions can 

also give rise to the extension of the potential window [57). 

Three types of charge transfer reactions at ITIES have been 

investigated: 

(i) simple ion transfer [38b, 41, 56, 57, 58, 59, 60, 62, 63) 

(ii) facilitated ion transfer and [31,33,64,65]. 

(iii) electron transfer. [31, 33, 85, 86] 
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The application of the ITIES as a concentration sensor 

requires to overcome the mechanical instability of the 

liquid/liquid interface. This can be achieved in two ways which 

have been first applied in constructing liquid phase ion 

selective electrodes. The interface can be stabilized by gel 

formation with PVC at the organic side [66] or by inserting a 

porous membrane between the two phases [67]. Both approaches have 

been used to construct amperometric sensors [33, 69, 70, 71, 72, 

74] which have an advantage over potentiometric sensors that the 

current is directly proportional to the concentration of the 

analyte. 

The aim of this project is to continue the investigation of 

PSA at the gel stabilized ITIES. 
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2. THEORY 

At the interface between two immiscible electrolyte 

solutions, water (w) and organic (org.), if both the liquid 

phases contain a common ion A with a charge number Z follows the 

Nernst-Donna equation [31]: 

lIVo CP= cp(w)-cp(o)= ~A 0,0"" -~A O,V /zF + RT/zF In a. o/a •• 

= lIGtrO,v->o,." /zF + RT/zF In a. o/a, v 

= lIo" cpo + RT/zF In a. ° faA v (1) 

where cp(w) and cp(o) are the inner potentials of the organic 

and aqueous phase, respectively. ~. 0,0"" and ~. o,v are the standard 

chemical potentials and a. 0 and a. v are the activities of the ion 

A in each phase. 

The quantity lIGtr°,v->or9 is the standard Gibbs energy of 

transfer from the organic to the aqueous phase for the ion A. 

This quantity is also the difference in the standard Gibbs energy 

of solvation of A in the respective phases. The standard Gibbs 

energies of 

another can 

transfer of individual ions 

be calculated only if an 

from one solvent to 

extra thermodynamic 

assumption is made. Tetraphenyl Arsonium tetra phenyl Borate 

(TPAsTPB) assumption is the one usually used [32,75]. TPAsTPB 

assumption is made stating that cation TPAs+ and the anion TPB- of 

TPAsTPB have equal standard Gibbs energies for any pair of 

solvents [32]. On the basis of this assumption, scales of 

standard Gibbs energies lIGtr°,v->or9 and then the standard Gal vani 
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potential difference (:,~sing equation 2 can be obtained • 

• • • • • • _ •. • (2) 

When the interface between two immiscible electrolyte 

solutions is electrochemically polarized from an external source 

(introduction of a charge to one phase and opposite charge to 

other phase), two process are taking place. One is the charging 

of the electrical double layer at the interface of two immiscible 

electrolyte solutions. The other one is transfer of the ion 

across the interface. 

When the electrolytes of the aqueous phase consists only of 

very hydrophilic ions while the organic phase only contains 

hydrophobic ions, then there exists a potential window where the 

ITIES behaves like an ideally polarized electrode i.e the charge 

is used only for double layer charging [87]. 

For a diffusion controlled ion transfer across the ITIES for 

the type A'(W)" A' (org), the Galvanic potential difference is 

given by equation (1). When the interfacial potential difference 

between the two immiscible electrolyte solutions has a value 

different from the equilibrium potential, an ion transfer will 

occur in the available potential window. 

Potentiometric stripping analysis is one of the 

electrochemical methods widely used with mercury electrodes. The 

method has been extended for trace anion analysis at the gel 

stabilized interface ITIES. 

In PSA at ITIES the ion is first transferred at constant 

potential to the organic phase and then the ion is stripped off 

from the organic phase by a constant current baqk to the aqueous 
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phase. From the resulting chronopotentiogram we obtain the 

quantitative and qualitative analytical signals for the 

transition time and for half wave potential, respectively. 

Theoretical principle of the chronopotentiometry for various 

electrode processes (reversible, quasi-reversible, irreversible) 

discussed by Delahay et al [76-79], has been developed by solving 

Ficks diffusion equation under appropriate initial and boundary 

conditions [76]. The ways of setting the appropriate conditions 

to solve the Ficks diffusion equation are so difficult, due to 

the originality of PSA at ITIES. However, the chronopotentiogram 

obtained from experimental result was similar to the metal 

electrode chronopotentiograms [30]. 

Assuming the transfer of the ion A from the bulk of organic 

phase to the organic interface is controlled by diffusion, the 

concentration of the ion A at the organic interface is given by 

C;(org) -
2i tl/2 c (3) 

Where C: (org.) is the bulk concentration of the ion in the 

organic phase, io is constant current, DA (org) is diffusion 

coefficient of the ion A in the organic phase, C.or• (O,t) is the 

concentration of the ion in the organic phase, A is the area of 

the interface and other symbols have their usual meaning. 

The transition time r is defined when C. or. (0, t) =0 and 

related to CA" (org) by Sand equation (4) [76]. 
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1/2 Fe· AD1/2 ; 11 n A (OIg) OIg 

2ic 
(4) 

T as defined by equation (4) applies to all processes, whether 

reversible, irreversible, or quasi-reversible; the potential-time 

equations are however different for these processes [76]. From 

equation (4) the square root of the transition time is directly 

proportional to the concentration of the ion in the organic bulk 

and to the area of the interface inversely proportional to the 

stripping constant current. 

During potentiometric stripping from the organic to the 

aqueous phase, the concentration of the species A in the aqueous 

side of the interface can be given by 

2i t1/2 C.: ( 0, t) ; __ :-----'c"---:-,--;-:--,;: 
zFA (lID

A 
(w) ) 1/2 

(5) 

For reversible ion transfer the Galvani potential difference 

at the interface is given by equation (1). Inserting the two 

expressions for the concentration of the ion at the two phases 

( eqn. (3) and (5) ) in to equation (1), the following potential-

time relationship obtained. 

RT t'h - t'h 
+ -ln~--c""'::--

zF t'l. 
(6 ) 

Where a A = yeA 

The half wave potential is measured at t=r/4. So the simplified 

potential-time expression comes to be as shown in equation 7. 
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(7 ) 

where the half wave potential (.:\"o!p,,) which is equal to ':\"01(>'/4 can 

be expressed as; 

A '" '" = A "OA-AO + 0'1'1/2 'I' (8) 

where the half wave potential(.:\"o!p,,) can be expressed as 

From equation (7), the potential theoretically becomes infinity 

for t=O and t=r. In between these points the transition time, r, 

is measured. 

The derivative potentiometric stripping analysis consists in 

the measurement of the derivative of the potential with respect 

to time versus time. The value of d.:\~I(> /dt obtained from equation 

(7) is: 

dA~ RT t"~ 
----zIt = 2zF [t(t"v.-t~)] 

(9 ) 

The equation has singularities at t=O and t=r [17]. In practical 

analysis, the singularities of the curve are monitored since the 

difference between the points corresponding to t=o and t=r is 

obviously the transition time. In the derivative 

chronopotentiometry [79,80] the method enables a precise method 

for r measurements. The minimum value of d.:\o" I(> /dt is least 

affected by charging of the double layer. 
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3. EXPERIMENTAL 

A potentio-galvanostat with IR drop compensation (Fig.la), 

a potential source (Fig.1b) and a differentiator (Fig.1c) was 

build in our laboratory. The potentio-galvanostat was similar in 

construction to the one introduced by Wilke [88]. The 

potentiostat controls the potential difference at the gel 

stabilized interface during the deposition step. The stripping is 

carried out by switching to the galvanostatic mode. The position 

of the switches I, 2 and 3 shown in Fig.1 represent the function 

of the devices as potentiostat. The output of the potential 

source (Fig .1b) can be varied between -1. 2 to +1. 2 V. The 

differentiator output and the potential output of the galvanostat 

were recorded on a x-t recorder (Phillips PM 8041). 

Li2 SO. (Merck), LielO. (Ventron), KN03 (Fluka), MgSO. (SOH), 

eVel (Fluka), TOcABr (Aldrich), NaTPB (Fluka), I-propanol (Reidel 

de Haen), were used without further purification. eVTPB was 

prepared as described in Ref [55, 56]. TOcATPB was prepared by 

dissolving equimolar amounts of tetraoctylammonium bromide 

(TOcABr) and sodium tetraphenylborate (NaTPB) in methanol and 

mixing the solutions. After addition of water TOcATPB 

precipitates. The crude product was filtered off and washed with 

distilled water until the test for bromide in the washing was 

negative. The precipitate was dried and four times recrystallized 

from I-propanol. THepATPB was prepared by the same procedure as 

TOcATPB. Nitrobenzene was purified by washing with 10% H2 SO., 10% 

NaOH and finally with distilled water. 

11 



The PVC-NB gel electrode was prepared as described by Senda 

et al [66) with slight modifications. 0.5 g of PVC powder were 

mixed with 4.5 ml of a 10 roM solution of the supporting 

electrolyte in nitrobenzene and kept at room temperature for 

about 24 h. The solid gel obtained was warmed up to 60·C. At this 

temperature the viscosity of the gel was such that the electrode 

compartment (Fig.2a) could be filled with the gel. The cell used 

is shown in Fig.2b. The experiments were carried out at 

laboratory temperature ( 22±2·C). 
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Fig. 2 

REO 

.f!.I,;4-~ CEO 

1 

(a) 

REW 

(b) 

(a) The PVC-NB gel electrode. (b) The electrochemical 
cell used in the experiment. REO and REW are the 
reference and counter electrodes in the organic phase, 
respectively. REW and CEW are the reference and 
counter electrodes in the aqueous phase, respectively. 
(1) aqueous base electrolytes, (2) PVC-NB gel, (3) 
working interface, (4) cell compartment, (5) test 
solution, (6) cell body and (8) stirrer. 
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4. RESULTS AND DISCUSSION 

4.1 VOLTAKMETRIC INVESTIGATION OF ELECTRODE 

4.1.1 AC and DC cyclic voltammetry of the base electrolytes 

DC and AC cyclic voltammetry experiment for the base 

electrolytes were performed to determine the working potential 

window. The resulting voltammograms had unexpected peak current 

in the potential window as shown in Fig 3. This peak current was 

only positive and no peak was observed for the reverse scan. This 

can be attributed to the presence of an impurity in either side 

of the interface. Which can be a positive ion in the aqueous 

phase or a negative ion in the organic phase. The peak current 

due to this impurity was extended up to 0.6 \lA. For the same 

sweep rate 25 mv/sec the peak current for the transfer of 10-5 M 

CIO.- from organic to water was 0.38 \lA. In the presence of this 

impurity, the trace analysis is difficult. Therefore, the source 

of this impurity had to be investigated. In order to do so 

different supporting electrolytes were used and the solution was 

stirred. The supporting electrolytes used were CVTPB, THepATPB 

and TOcATPB in the organic phase and Li 2 SO. and MgsO. in the 

aqueous phase. In all the measurements stirring of the solution 

resulted in a decrease of unnecessary peak current. Finally a 

freshly prepared PVC-NB gel electrode resulted in a better cyclic 

voltammogram as shown in Fiq 4. 
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DC and AC cyclic voltamrnogram of the 
electrolyte 5 llIM Li,so. and 10 roM TOcATPB 
and organic phase, respectively. DC sweep 
25 mv/sec, AC frequency 35 Hz. 

0-6 E/v 

supporting 
in aqueous 
rate 

Fig.4 DC cyclic voltammogram of the base electrolytes 10 llIM 
MgSO. and 10lllM TOcATPB in aqueous and PVC-NB gel phase. 
Sweep rate 25 mv/sec. 
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Fig.4 shows the potential window of the DC cyclic voltammogram of 

the base electrolytes. The potential window was limited by the 

tl'ansfer of TOcA+ and/or SO.-> at the lower potential region by the 

transfer of Mg+· and/or TPB- at the higher potential region. The 

extended potential window of about 600 mv was used to study the 

ion transfer of anions ClO.- and No,- by voltammetric, 

potentiometric stripping analysis and derivative potentiometric 

stripping analysis. 

4.1.2 study of the ion transfer across the PVC-NB/water 

interface by voltammetric methods 

The transfer of ions across the PVC-NB/water interface was 

studied by AC, DC cyclic, phase selective AC, differential pulse 

and differential pulse stripping voltammetry. The ions were 

studied separately and simultaneously. 

Fig.5 and 6 show the typical DC and AC cyclic voltammogram 

for the transfer of 10-0 M ClO.- at different sweep rate and 

frequencies, respectively. The supporting electrolytes used were 

5x10-> M Li,SO. in water and 10 roM THepATPB in the PVC-NB gel. 

As can be seen from Fig. 5 the peak potential for the 

transfer of the ion was independent of the sweep rate whereas the 

peak current increases with an increase in the sweep rate. The 

values of the peak current for DC cyclic voltammetry for 

different sweep rate are tabulated in Table 1. 
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0·8 

Fig.5 

0·1 0·2 0'3 0·4 0' 0'6 
E/v 

DC cyclic voltammogram for the transfer of 10-5 M 
ClO.- across the PVC-NB /water interface at different 
sweep rates 25, 40, 60,80 and 90 mv /sec. Base 
electrolytes 5 ruM Li,so. in aqueous phase and 10 ruM 
THepATPB in the PVC-NB. 
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Fig. 6 

120Hz 

0-2 0·3 0-5 0·6 b-E/v 

AC cyclic voltammogram for the transfer of 10-' M 
C10,- from water -> NB at different frequencies 
indicated on the figure at sweep rate 10 mv/sec.Base 
electrolytes 5 roM Li,so, in aqueous phase and 10 roM 
THepATPB in the PVC-NB . 
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These values and the linear graph obtained for the plot peak 

current versus square root of the sweep rate (Fig.7) are the 

indication of diffusion controlled ion transfer from water to the 

organic phase and the reverse [78,82]. The peak potential 

separation for the forward and reverse transfer (AEp) ~ 55 mv is 

also an indication for the reversibility the ion transfer. 

In the AC cyclic experiment for the transfer of ClO.- the 

peak potential was found to be overlapping. The half peak width 

obtained 85 mv was in good agreement with theoretically expected 

value for diffusion controlled ion transfer 90 mv [78,82]. A 

linear graph obtained for the plot of Ip versus .J ~ (Fig. 8). These 

results are also an additional indication of diffusion controlled 

ion transfer across the PVC-NB /water interface [78,82]. 

The peak current in DC cyclic voltammetry for diffUsion 

controlled ion transfer is given by eqn.(10) [78,82]: 

Ip "" 269 Z3,a A Cb ll\ D\ (10) 

where Ip is the peak current, II the sweep rate, D the 

diffusion coefficient of the ion in water, Cb is the concentration 

of the ion in the bulk and z the charge of the ion. 
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Table-1 

Sweep 

25 

40 

60 

80 

100 

Table-2 

The dependence of the peak current on the sweep rate 

in DC cyclic voltammetry for the transfer of 10-& M 

CIO.- across the PVC-NB/water interface. 

rate (mv/sec) Ip (-ve)/ J.lA Ip (+ve)/ J.LA 
NB-->W W-->NB 

0.40 0.38 

0.46 0.46 

0.56 0.58 

0.64 0.68 

0.72 0.78 

The dependence of the peak current on the frequency 

in AC cyclic voltammetry for the transfer of 10-0 M 

ClO.- across the PVC-NB/water interface • 

Frequency/ Hz Ip NB->W/ J.lA Ip W->NB/ J.lA 

20 0.305 0.365 

35 0.385 0.445 

62 0.510 0.625 

95 0.710 0.915 

110 0.835 1.050 
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Fig. 7 Plot of the peak current (rp) versus square root of the 

sweep rate (Jv) for the transfer of C10~ across the 

PVC-NB/lvater interface. 
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Fig.8 Plot of the peak current (Ip) versus the square root 

frequency (I bl) for the transfer of C10.- across the 

PVC-NB/water interface. 
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Fig.9 shows the single sweep DC cyclic voltaromogram for the 

transfer of CIO.- from water to organic phase at different sweep 

rates. The peak current obtained from the Figure was plotted 

versus Iv as shown in Fig.10. The area of the interface A was 

calculated from the slope of the plot Ip vs lu (Fig.10) using 

eqn.(10). The area calculated by using this equation was found to 

be 0.0942 cm'. In the calculation the diffusion coefficient of 

CIO. - in water was taken as 1.79 x 10-' cm' jsec [56). This value is 

in good agreement with the geometrical area obtained by measuring 

the internal diameter of the PVC-NB gel electrode cell 

compartment (0.0907 em'). 

The performance of the PVC-NB gel electrode was further 

studied by phase selective AC voltarometry, differential pulse, 

and differential pulse stripping voltarometry using 

electrochemical analyzer BAS 100 A together with the home made 

potentio-galvanostat. 
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Single sweep DC cyclic voltammogram for the transfer 
of 5xlO-

s 
M ClO.- from water to PVC-NB at different 

sweep rates indicated on the figure. 
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Fig. 10 Plot of the peak current (Ip) versus the square root of 

the sweep rate (J v) of a single sweep DC cyclic 

voltammogram for the transfer of CIO.- from water to 

PVC-MB. 
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Phase seleotive AC voltamlogr8lll of 5 x 10 .... H CIO .. - is shown 

in Fig.11. The peak potential obtained for the transfer was 

305 mv. In phase selective AC voltammetry the peak potential is 

expected to be equal or nearer to the half wave potential [82]. 

So this value should be nearer to the half wave potential of the 

CIO.- ion in DC oyolio voltamraetery and PSA experiment. As 

expected for reversible ion transfer the half peak width obtained 

was 90 lDV. 

Fig. 12 shows an example of the differential pulse 

voltaJDIllO(jraJII of 5x10 .... H ClO.- ion transfer. In the suocessive 

experiments the peak potentials were different but the peak 

ourrent obtained for the same ooncentration of the ion were not 

significantly different. These values confirms the possibility of 

elllploying DPV at the PVC-NB gel electrode for quantitative 

analysis. 

For reversible ion transfer the half peak potential of the 

ion transfer in differential pulse and differential pulse 

stripping voltammetery is calculated USing eqn.(ll) 

[45,46,82]: 

Ep = E.,-- ± AE/2 (11) 

Where Ep is the peak potential, Eo,'" the reversible half wave 

potential and 4E the peak height of the applied pulse. 

Simultaneous determination of CIO.- and No.- was performed by 

DPV and DPSV. Fig .13 shows the DPV of 5X10-' M ClO.- and 3xlO-' M 

of N03 -. The respective peak potentials of the ions are 0.264 v 

and 0.092 v. 
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Fig. 11 

Fig. 12 

~.-' \-.. ' 

OIV::: .878fJA 

I ... 

. . . , ... ' .' . . ....... . 
0·4 0·3 0·2 

Phase selective AC voltammogram of 5x10-s M CIO-
Exp. conditions initial potential 500 mv • final 
potential 100 mY, sweep rate 5 my/sec, AC amplitude 25 
mY, frequency 35 Hz and phase shift 0·. 
Results, peak potential 305 mv and peak current 
6.3653 !lA. 

I OIV:l.09I-'A 

. . . .. . . ' .' 
0·5 0·4 

: 

...... " . . . . . . . 
.. 
. . 

0·2 
. .. ...... 

·1 
E/v 

Differential pulse voltammogram of 5xlO-s M ClO.-. 
Exp. conditions: initial E 500 mY, final E 100 mY, 
sweep rate 20 mY/sec, pulse amplitude 50 mY, sample 
width 20 msec, pulse period 200 msec. 
Results, peak potential 320 mv and peak current 
5.77797 IlA. 
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Fig .13 Differential pulse voltammogram of 5x 10-' M Clo,- and 
10-' M NO,- .Exp, conditions initial E 600mv, final E 
50mv, sweep rate 20mv/sec, sample width 20 msec, pulse 
width 60 msec and pulse period 200 msec. 
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Fig.14 Differential pulse stripping voltammogram of 5x 10" M 
ClO,- and 5x 10-' M NO,- .Exp. conditions :initial E 
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Fig 14 shows the DPSV of 5x10-' M C10.- and N03 - ion transfer. 

The initial potential of was 75 mv at which the ions are 

deposited to the organic phase. The peak potential for the 

transfer these two ions are 0.327 v and 0.139 v, respectively. 

The half-wave potential difference between two ions is 

closely related to the standard Ga1vani potential difference 

(~Volpd [70]. For two ions the difference in standard Ga1vani 

potential difference is constant. Based on this the half wave -

potential difference between CIO.- and N03 - can be given by 

equation 12. 

(12) 
[ [ , , [ , , { , [ , , [ 

The half wave potential:, d~f'f~r:enqe, "betwc.f.)Il' ,t.t'6 :~WQ" .ions 
"'" : [ ;'" ;'" '" "" ~"( ~"~ , 

using equation (11) in DPV and ',DPSv','are','o"17,2 ';,', and ,0,188 :v, 
{ , '[' [' 

[ [, ( 

interface [31b]. A half wave potential difference of 0.170 v was 
, 

also reported in the membrane stabilized water/oil interface for 

these two ions [70]. 

4.2 POTENTIOMETRIC STRIPPING AND DERIVATIVE POTENTIOMETRIC 

STRIPPING ANALYSIS OF ANIONS. 

4.2.1 Measurements of transition time and half-wave potential 

from PSA and DPSA curves 

In potentiometric stripping analysis the ions which are 

first deposited are stripped by applying constant current and the 

resulting chronopotentiogram was recorded on the X-t recorder. 

The analytical signals are the transition time 1 and the half 
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wave potential E~. These values are measured from the resulting 

chronopotentiogram as shown in the schematic representation 1 

[29]. 

The transition time in derivative potentiometric stripping 

curves are measured in between the peaks of the resulting dE/dt 

vs t curve (17) as shown in the schematic representation 2. 

The transition times measured for five replica measurements 

in PSA and DPSA and the half wave potential of 5x10-· M CIO. - are 

shown in Table 3. The experiment was performed using the 

parameters shown in the table. The transition times obtained in 

PSA and DPSA methods are reproducible with standard deviation of , [ , , , , , , 

1. 00 and 1. 40, respectively. Tj).E>.' h&l'f :wf;\~e :~t~~~i:*:t ~~a~\lr~ in 
, 1 ' ( -, 

, (,(' ',- "l '''',' ," , 

PSA are also reproducible. The ti'~n,si tip':! "ql:llilf!" fql7: . n~9A ate 
. - , I . " , - , 

• • _. _. ,'. [ 1 

significantly longer than the valuefilf,6~, P~A' ·m~a~.IU:em<.'!nt.'!". F alld 
, ., c· .,,' , 

, , , 

table [84). From the test, the transition times measured in DPSA 

are significantly longer than those found in PSA based on 99.9% 

confidence level. 

Table 3 The values of the measured transition times and half 
wave potential in PSA and DPSA of 5x10-' M CIO. -, t"ep 
60 sec, io 0.48 ~. 

No. f FS• Isee T DPSA/see E~/mv 

1 43.20 54.0 315 

2 42.0 52.8 320 

3 43.2 52.8 315 

4 44.4 51.6 320 

5 44.4 54.0 315 

mean 43.44 52.16 317 

standard 1.003 1.405 2.73 
deviation. 
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Scheme 1 and 2. The measuring procedure of transition time T and 
the half wave potential in PSA and DPSA 

.figure 15 and 16 sho·.'! comparable DC cyclic, PSA and DPSA curves 

Qf 5:-:10·" H CIO,.- and 5:{lO·' H N0 3 ·, respectively. From the Figures 

-::21e half \':21'/2 potential calcUlated from t:h9 DC cyclic volttlmmetry 

3rc coincide ~'ii·th tl:a~ of PSL~ chronopotentiograms. It is als.;] 

D·:)s::~ible to observe the longer T in DPSA t.'.eaSU:Lements. 

The ha~_f ~}a\ .. -e poten-tials E'l in DC-cyclic vol tammetry is 

calcUlated from peak potential Ep by eqn.(13) [87]. 

Ep= E~ ± 28.5 mvjz (13) 
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Comparable (a) DC cyclic voltammogram , (b) PSA and 
(c) DPSA curves of 5x10-' M CIO. -. DC sweep rate 25 
mv /sec, stripping E dep 200 mv, io 0.48 IlA, deposition 
time 60 sec. Base electrolytes 10 roM MgSO. in aqueous 
phase and 10 roM ~OcATPB in the PVC-NB gel. 
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The half-wave potential calculated by (12) for the DC cyclic 

voltammogram is 0.334 v (Fig.15). These values are comparable 

with peak potential of the phase selective AC voltammetry 

(0.305 v) and half wave potential obtained from the resulting PSA 

chronopotentiogram (0.317 v). Similarly the half-wave potential 

calculated for NO,- in the DC cyclic voltammogram Fig.16a (0.142 

v) is quite similar with the value obtained from the PSA 

chronopotentiogram (0.140 v) Fig 16b. 

4.2.2 Dependence of transition time on deposition time, 

current density and rest period. 

In most stripping techniques such as stripping 

vol tammetry , differential pulse, potentiometric stripping and 

derivative potentiometric stripping analysis the analytical 

signal is dependent on the duration of the deposition time [29]. 

The same principle is also applied in PSA and DPSA of anions at 

the PVC-NB gel/water interface. 

The dependence of transition time on deposition time for 

DPSA 10-a M of NO,- are tabulated in Table 4. The measured 

transition times for different deposition time are reproducible 

and as expected for longer t de• the transition time obtained is 

longer. This is due to the reason that for long deposition time 

the amount of ion transferred or enriched in the organic phase 

increases. Hence, the time required to strip off the ion 

increases. The plot of r versus t~p is shown in Fig.17. 

To study the effect of current density and rest period on 
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the measured 'i, DPSA was tested for 5XI0-~ M NO,- at different 

current density and rest period. The values are shown in Table 5. 

From the table a longer stripping time is obtained for low 

current density and low rest period. 

The values are in reasonable agreement with theory because the 

current density is inversely proportional to the transition time 

eqn.4 [17,29). 

In deposition step, the ion is first deposited by stirring 

of the solution during which a constant supply of electrolytes 

ensure from the bulk to the electrode or to the organic phase. 

After some time stirring is stopped and the solution left 

quiescent. During this period, rest period, the flux of the 

substance to the electrode decreases and consequently the 

magnitude of the electrolyte current also drops very quickly to 

the stationary diffusion current [29). As the rest period 

increases, the amount of ion transferred to the organic phase 

therefore decreases, and as a result the stripping time 

decreases. 
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Table 4. The dependence of transi tiOD time (1) on depoe! tion 

time (~U"') for DPSA of 10 .... M No.-. 

f Isee 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

mean f/s 
std. 

Base electrolytes: 10 l!IM Hr,ISO. in the aqueous phase 

and 10 l!IM CVTPB in the pvc-e. E..." 50 av io 0.5 1lA. 

T _UOD /see. 

10 20 30 40 50 

22.2 33.0 35.4 50.4 57.6 

22.2 32.4 33.6 49.8 55.8 

22.5 32.4 35.1 51.0 57.9 

22.2 32.1 38.1 52.2 56.7 

22.2 32.4 36.6 52.2 55.8 

22.5 33.0 36.6 51.0 58.2 

21.6 33.3 36.3 49.8 60.2 

22.8 32.4 37.2 49.3 64.5 

22.2 33.6 38.1 50.1 63.0 

22.5 33.6 38.1 49.8 63.0 

22.29 32.8 36.51 50.62 59.32 

0.105 0.183 0.469 0.339 1,073 
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Ta~13 5. The uepandence of transition time on rest period and 

current density for 5x10-o M NO. - in DPSA. 

Tdet:>OGition 

io IIJA stirring Isec rest period rlsec 
Isec 

0.4 30 120 33.6 

0.4 30 60 42.6 

0.4 30 20 48.0 

0.4 30 10 50.4 

0.4 30 - 52.8 

0.2 - 30 54.0 

0.2 30 60 117.6 

0.2 30 10 120.0 

0.1 - 30 109.2 

4.2.3 current reversal methods 

In current reversal chronopotentiometry, constant 

current is imposed to transfer the ion from aqueous to the 

organic phase up to a pre-determined potential and the polarity 

of the current is reversed to bring back the transferred ion 

from organic to aqueous phase. The current reversal 

chronopotentiometry have been applied to the stripping 

analysis. The evaluation of the method was performed in normal 

mode (PSA) and derivative mode (DPSA). The technique was 

applied in PSA and DPSA by considering the forward transfer as 

deposition step and the reverse as stripping step. 2 

Fig 18 and 19 show the current reversal chronopotentiograms 

for PSA and DPSA of 5x10-5 M NO,-, respectively. The supporting 

electrolytes used were 10 roM MgsO. and 10 roM TOcATPB in aqueous 

and organic phase. The switching potentials were 75 and 620 mv. 
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The transition time obtained for forward and reverse 

transfer of the ion are tabulated in Table 6. The results for 

six replica measurements show reproducibility and as simple 

stripping methods (4.2.1), the stripping time is longer for 

current reversal DPSA than current reversal PSA. stripping time 

obtained in derivative mode was found to be significantly 

longer than those obtained in normal mode. The comparison was 

made based on 99.9% confidence level in F and T analytical 

testing methods. 

This result together with the result in (4.2.1) suggests 

that the derivative mode has a better measurable transition 

time than the normal mode. This finding is supported by the 

work of Iwamto [79] and Peter et al [80] who compared 

conventional chronopotentiometry with derivative 

chronopotentiometry and found a longer transition time for the 

derivative mode. The explanation for such results is that 

charging of the double layer causes the rate of change of 

potential at the minimum of the derivative chronopotentiogram 

i.e (dEjdt) min to be smaller than expected [80]. 
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Fig.18 
Current reversal PSA curve of 5XI0-5 M NO, - at the gel 
stablized oil/water interface io ± 0.4 IlA , 
Switching potentials 75 and 620 mv. Base electrolytes 
10 roM MgSO. in aqueous phase and 10 roM TOcATPB in the PVC-NB gel 
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Current reversal DPSA chronopotentiogram of 5)(10-' M 
NO,- at the gel stabilized oil/water interface. 
i. ± 0.4 I'A, switching potential 75 mv and 620 my. 
supporting electrolytes 10 roM aqueous MgSO. and 10 mM 
TOcATPB PVC-NB phase. 
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Table 6. 

No t •• .,(sec 

1 26.4 

2 27.6 

3 26.4 

4 26.4 

5 27.6 

6 25.2 

mean 26.6 

std. 0.903 

The forward (t~j ~~d the reverse (y) 

transition times measured for current reversal 

PSA and DPSA of 5xlO·' M of NO, -, 10 ±O. 4 I'A. 

PSA DPSA 

Tlsec t.ep/sec y/sec 

14.4 25.2 19.2 

15.6 25.2 20.4 

14.4 24.0 20.4 

15.6 25.2 20.4 

15.6 25.2 21.6 

15.6 27.6 21. 6 

15.2 25.4 20.6 

0.619 1.179 0.903 

Current reversal DPSA and PSA were tested for simultaneous 

determinations of CIO.- and NO,-. The respec"tive curves are shown 

in Fig 20(b) and 21. In this experiment the effect of switching 

potential on the resulting chronopotentiogram was studied for 

current reversal DPSA of two anions CIO.- and NO,-. Fig.20 (b) 

is an example of the current reversal DPSA dependence of the 

switching potential(E.) 35 mv. In the Figure, two unexpected 

peaks were observed. Due to these peaks the measurement of the 

transition time was difficult. However, for (~) values higher 

than 40 mv the resulting chronopotentiogram had no additional 

peak other than for two ions. 

Table 7. shows the dependence of SWitching potential on 

the transition time. From the table, a longer f is obtained for 

NO.- at lower Ed .The transition times for CIO.- at all the 

switching potentials (~) are relatively unchanged. This can be 

accounted with the low transfer potential of N~-. 
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Table 7. The dependence of deposition potential (E ..... ) on 

transition time for current reversal DPSA of 5x10-& 

M CIO.· and 5xl0·9 M No,·. 

E..-/IIV ., __ Isec ., Cl",./sec 

35 6.6 9.9 

40 6.3 9.6 

55 5.4 9.6 

60 5.1 9.3 

4.2.4 Determination of BOre than one ions. 

In section 4 • 1 • 2 , the DPV and DPSV was tested for 

simultaneous determination of CIo.- and NO:,-. In the experiment 

simultaneous determination of these two ions was made possible 

due to the wide separation of their half wave potentials. 

The determination of CIO. - and NO, - was performed by 

potentiometric stripping analysis and the derivative mode. 

Fig. 20 shows the current reversal PSA curve for these two 

ions. The half wave potential separation between these two 

ions, which is similar to the values obtained in (4.1.2) and in 

literature [31,70], was found to be 175 mv. 

Fig.22 and Fig.23 show the plot of transition time versus 

deposition time for DPSA at 70 and 50 mv, respectively. From 

the two Figures it can be seen that the slope for ClO. - ion is 

higher than that of NO,-. This can be explained by the 

difference in their diffusion coefficient. 
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The dependence of the transition time on the deposition 

time at deposition potentials of 50 mv and 70 mv, are tabulated 

in Table 8. As can be seen from the table, the transition time 

for N03 - at 50 mv is longer than those obtained at 70 rov. It is 

relati vely unchanged in the case of CIO. - for the two deposition 

potentials. 

. Table 8. Dependence of transition time (f) on depos! tion time 

(t..p ) for simultaneous determination of 5xl0 .... M of 

N03 - and CIO.- by OPSA, io lILA at E_ 50 mv and 70 mv. 

E..jmv T ••• /sec rlsec (NO.-) f/sec(ClO.-) 

50 30 12.67 10.74 

50 60 13.38 14.1 

50 90 16.74 18.0 

50 120 18.72 21.78 

70 30 6.72 10.12 

70 60 8.76 12.04 

70 90 11. 76 16.42 

70 120 14.40 21.52 

70 150 18.30 25.2 
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Base electrolytes: 10 roM MgSO. and 10 roM TOcATPB in 

aqueous and organic phases, respectively. 
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5 • CONCLUSION. 

The ion transfer studied by the voltammetric techniques 

indicate that the ion transfer across the PVC-NB jwater 

interface is diffusion controlled. The phase selective AC, 

differential pulse and differential pulse stripping 

voltalDllletric experiments have further shown that the PVC-NB 

jwater interface system can be studied by various 

electroanalytical techniques. 

An improved and measurable transition time or stripping 

time, f, can be obtained in the potentiometric and derivative 

potentiometric stripping analysis by using the newly modified 

instrument. Using this device one can analyze trace amount of 

anions with fast duration of deposition time and low current 

density. 

The PSA at the PVC-NBjwater system can thus be employed as 

an alternative method for trace analysis provided that one can 

employ pure PVC powder. 
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