CHAPTER II

THEORY

2.1 Differential Pulse Anodic Stripping Voltammetry (DPASV)

Ancdic stripping vcltammetry (ASV) was first used by Zbinden
in 1931, Little further work was done in this area until the 1950's
when the use of mercury electrodes became common. During the 1960°'s,
the theory of ASV for mercury film clectrodes (MFE) and hanging mercury
drop electrodes (IMDE) was developed. At the present, a variéty of
techniques have been introduced which have enhanced the method's
capability.

The fundamental of an anodic stripping vOoltammetry measurement
involves two discrete steps. The deposition step, the analytical
species is firstly reduced (electrodepdsited, plated) onto or into
the wcrkingcélecttode; and is secondly oxidized (stripped; electrolyzed)
back into the eleétroly;e solution which is known as stripping step.

The depositioﬁ‘sﬁep caﬁ ﬁé carried out in two ways. In the stoichiometric
procedure, the ion of interest is removed completely from a stirred
solution at a constant cathode potential. In the nonstoichiometric
procedure only a fraction of the ion is depc®ited so it has the advantage
of speed. For the deposition step, a suitable electrode is maintgined at
a potential cathedic of the reduction potential of the\éieﬁenﬁs to be
determined. The metals to be deposited arrive at the electrode surface

at rates determined by their respective ;oncentrations, the diffusion
prdperties of the electrolyte solution, and the area of the electrode

used. The deposition time is carefully measured. The deposition results
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in preconcentration of the analytes into a small (surface) volume. This
material is stripped from the electrode bty changing the potential back
in the direction required for oxidation. At the oxidation potential of
each analytical species, the faradic current produced by its oxidation
is measured. The stripping current due to oxidation of each analyte is
propcrtional to the concentration of that analyte on or in the electrode
and, thus, in the analytical solution.

For a single metal ion species (Mn+) being reduced at an electrode
surface, it can be shown that the current flow (the deposition current at

(54)
time t) 1is reasonably approximated by the Levich equation :

2/3 1/2 u_l/

U yep = 062 nbAD Set) e

where i(t)dep = the limiting current of depcsition time t, ma

n = the number of electron transfer

F = the Faraday constant, 96,494 coulombs.

A = the electrode surface area, cm

D = the diffusion coefficient, cm2 sec-1

W = the rate of electrode rotation or solution
stirring (w = 27N, with N=rps)

u = the kinematic viscésity of the Sulution,.cm2 sec_l

~

c(t) the ion concentration of deposition time t, mole cm =~

Several different potential - time waveforms may be_.used to strip
the deposited analyte from the electrode and obtain the quantitation
parameter, the stripping current(ip) such as linear ramp stripping, ac

stripping and differential pulse stripping (see Figure 1). 1In differential
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pulse anodic stripping veltammetry (DPASY), relatively large amplitude
(50~100 mV) pulses are periodically superimposed on a shallow linear
potential ramp (v 5 mV/sec) for short periods as shown in Figure 1l(c).

The nonfaradic current induced by the application of the pulse decays

more rapidly than the faradic current. This is governed in part by the
rate at which the reoxidized metal can diffuse aﬁay from the electrode
surface. The current is consequently measured just prior to the pulse .
application and again for the same period of time at the end of the pulsea
life. The AIfference in these two measurements is amplified and read out.
The choice-of the measurement periods permits a high level Qf discrimination
against the capacitative current since the current measured near the end of
the pulse is predominantly due to the faradic reaction (sec Figure 2).
Differential pulse stripping offers sensitivity enhancements of one to
several orders of magnitude an;>appears to offer the highest signal - to-

noise ratio of any stripping technique.

The total current flowihg through the DPASV system is (55),

it | o if+ ic+ib acl-nlolcottoua.co-toe-0(3)

where if = the faradic current, due to the oxidation of the species
being analyzed (and is equal to ip at the peak potential)
b & = the charging current, due to the charging of the dwuble
layer at the electrode sclution interface.

i = the background current due to oxidation of impurities or

decomposition of electrolyte



Figure 1

15

Potentlal (mV)

(a)

 (b)

(e)

Potential - time waveforms used for anodic stripping

(a) Linear ramp stripping
(b) AC stripping

(¢) Differential pulse stripping
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stripping to reduce contributions of nonfaradic processes
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Together, ic and ib make up the residual current or

electrochemical noise in the system.

The potential at which the peak occurs is related to the

polarographic half-wave potential by(ss)
Ep = E1/2 - 1.1 RT/nF
where Ep =  the peak potential, V
E1/2 the polarcgraphic half-wave potential, V
R = the gas constant % 8.316 VQ/deg
T =  the absolute temperature, K

"The basic instrument required for DPASV includes a three electrode
potentiostat and voltage ramp generator, current measuring circuit (a2 cell
with working, reference and counter electrode), and a recorder or other
ré&dout device. Instruments designed for dc, ac or pulse polarographic
measurements are generally quite adequate for stripping application.

Platinum wire or foil is widely used for the counter (auxiliary)
electrode. Silver-silver chloride or calomel electrodes are popular
choices for the reference. The most popular working electrodes are those
involving mercury. Solid electrodes of gold, silver, platinum; carbon
and bismuth have been used. For the hanging mercury electrodes (HMDE),
they have two primary disadvantages. First, they typically have a low
surface area - to - volume ratio. The smaller area reduces plating
efficiency while the larger vclume causes a broadening of the stripping

peaks which limits the ability to resolve adjacent peaks. Second, only
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rather minimal solution stirring procedur;; can be used to avoid distortion
or dislodging of the drop. The stirring and area limitations impose the
requirement of lpnger deposition times. These fac;ors have been at least
partially responsible for the development of mercury thin-film electrodes
(MIFE) which offer the same potent*al .range as the HMDE. The MIFE
provides a large surface area-to-volume ratio and can be easily rotated
or stirred at quite high rates.

The ideal substrate for the MIFE must meet relatively few criteria,
it must have reasonable electrical conductivity, be chemically inert to
the mercury and to the analysis solution, and be electrachemically inert
at potentials anodic of the most easily reduced of the elements of interest.
Many graphite types can be used. The results further show that the hard.
-'nonp;rous (glassy or vitreﬁus) types of éarbon yvield large and reproducible
peaks. Such types may be readily polished to a mirror-like finish sc that
the surface irregularities are small in comparison to the mercury film
thickness, the surface - to -~ volume ratio is high, and a coherent film
over the entire surface is readily obtained. ‘The use of such types of
graphite or carbon strikingly simplifies the prepération of thin - film
electrodes. After polishing the carbon via exacting metallographic
procedures, the thin film can be quite precisely electrodeposited on
the surface.

All voltammetric techniques involve analyses in a suppOrting
electrclyte. The electrolyte is simple, such as an acid medium or it
may be a buffer system particularly when pH control is essential.

Supporting electrolyte:- concentrations of 0.05-0.5 M are typical.

Almost any different electrolyte can be used, but the choice often
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improves the reproducibility and resOlution of the stripping peaks .
From the information menticned above, the differential pulse
anodic stripping voltammetric technique with a mercury thin £ilm on

glassy carbon electrode was selected for this study.

2.2 Standard addition

Quantitative evaluation of metals in vegetable samples can obtain
by a number of methods, for example, interpretation from the calibration
curve and calculation from the sStandard addition. In order to minimize the
influence of the variation of the concentrations of the interferences
presented in different vegetable samples on the accuracy of results, the
vegetable samples had all been analyzed by the method of standard addition.
The standard addition is best achieved by addition of known volumes
of thg standard metal ion solution to the sample. The method is used when
the peak height is proportional to the concentration of the substance being

determined. The concentration of metal ion in solution is calculated by

i.vE
- " l. s
-}. i %
u 12v (i2 il)]
where i1 = the original peak height, us
12 = the spiked peak height, uA
v = the volume of the standard solution added, cm3
v = the original sample volume, cm3
CS = the concentration of the standard soclution
used for " spiking ", g cm3
C = the original concentration;. ug cm
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