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Abstract:

In cyclic voltammetry, the technique of applying known voltages to an electrochemical cell and
recordings the response waveform on an x-y recorder is a area of significant growth. In its infancy, the
voltages applied to the cell were delivered by manual control through a network of vacuum tubes,
resistors, and capacitors. The waveform response curves were both crude in accuracy and precision.
The next generation of electronics brought about the operational amplifier. While this increased the
accuracy of the waveforms, reproducibility was still lagging because of the manual timing application
of the input voltages, especially for multiple run sequences.

It is proposed that by using state of the art integrated circuits and computer control that the manual
application of the voltages can be eliminated and thereby increase both the precision and the
reproducibility of the voltammetric waveform.

With the implementation of the integrated circuits and computer control new schematic designs had to
be employed. Solid state analog switches were used to route precise currents or voltages to carefully
matched operational amplifiers. Timing routines were generated to maximize the amount of data to be
collected and stored in computer memory. A sophisticated language called FORTH was ascertained to
be the best vehicle to communicate between the computer and the cyclic voltammetric interface.

The results were excellent on the implementation of the voltages to the electrodes in the chemical cell.
With the computer control, precision up to +- 7 parts per one thousand was achieved using a ten volt
reference. By being able to store the analog data as a digital number, computer enhancement of the
cyclic waveforms i.e. background elimination of supporting electrolytes are now also obtainable.

With the newly constructed cyclic voltammeter an investigation of the reduction of Lindane, a
chlorinated pesticide, at sweep rates up to fifty times faster then previously accomplished was carried
out. This data allowed extrapolation back to soil redox potential levels and may allow estimating the
life span of the pesticide in the reductive environment.
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ABSTRACT

In cyclic voltammetry, the technique of applying known
voltages to an electrochemical cell and recording- the
response waveform on an x-y recorder is a area of
significant growth. In its infancy, the voltages applied
to the cell were delivered by manual control through a
network of vacuum tubes, resistors, and capacitors. The
waveform response curves were both crude in accuracy and
precision. The next generation of electronics brought
about the operational amplifier. While this increased the
accuracy of the waveforms, reproducibility was still
lagging because of the manual timing application of the
input voltages, especially for multiple run sequences.

. It is proposed that by using state of the art N -
integrated circuits and computer control that the manual
appllcatlon of the voltages can be eliminated and thereby
increase both the precision and the reproduc1b111ty of the
voltammetric waveform.

With the implementation of the integrated circuits and
computer control new schematic designs had to be employed.
Solid state analog switches were used to route precise
currents.or voltages to carefully matched operational
amplifiers. Timing routines were generated to maximize the
amount of data to be collected and stored in computer
memory. A sophisticated language called FORTH was
ascertained to be the best vehicle to communicate between
the computer and the cyclic voltammetric interface.

The results were excellent on the implementation of
the voltages to the electrodes in the chemical cell. With
the computer control, precision up to +- 7 parts per one
thousand was achieved using a ten volt reference. By being
able to store the analog data as a digital number, computer
enhancement of the cyclic waveforms i.e. background '
elimination of supportlng electrolytes are now also
obtainable.

With the newly constructed cyclic voltammeter an
investigation of the reduction of Lindane, a chlorinated °
pesticide, at sweep rates up to fifty times faster then
previously accomplished was carried out. This data allowed
extrapolation back to soil redox potential levels and may
allow estimating the life span of the pest1c1de in the
reductlve environment,




INTRODUCTION

The Electrode Processes
Two types of electricgl processes occur at electrodes.

One in&olves the transfer of electrons across the
metal~solution interface. This procesé causes oxidation or
reduction to occur. Sihce these reactions are governed by
Faraday's law (i.e. the amount of chemical reaction caused
by the flow of current is.proportional to the amount of

electricity passed), they ére called Faradaic processes,

Electrodes at which Faradaic processes occur are sometimes

called charge transfer electrodes. Under some conditibns a
given electrode-solution interface will show a range of
potentials where nolFaradéic reactions occur becaﬁse such
reactions are thermodynamically or kinetically unfavorable.
However other processes, involving the électrode interface
structures can occur such as édsorption and desorption with
changing potential or solutiqn composition. These
processes are called ngnig;g@gig_p;gggggggL 1

Nonfaradaic currents arise from the formation of an
electrical double layer at the electrode-solution o
interface. When a potential is applied to a metallic
electrode immersed in an electrolyte, a momentary surge of

current creates an excess (or a deficiency) of negative
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charge at the surface of the metal. Because of ionic
mobility, the layer of solution immediately adjacent to the
electrode acquires an opposing charge due to excess counter
ions (see Figure la). According to the G-C-S theory
(Gary-Chapman—Stern)2 the charged layer consists of two
parts: (1) a compact inner layer, in which the potential
decreases linearly with distance from the electrode
surface; and (2) a more diffuse layer, in which the
decrease is approximately exponential (Figure 1b). This
arrangement of negative and positive ions is termed the

electrical double layer.

Diffuse layer

(a) (b)

Figure 1. (a) Proposed model of the
electrode-solution, double layer region.

(b) Potential profile through the solution
side of the double layer.
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The double layer formed by an applied DC potential
involves the development of a momentary curfént which then
drops to zero as the electrode becomes polarized, no
further current flows unless some faradaic process occurs.
.When an alternating potential is’applied'to the electrodes
an alternating currenpﬂflows in conjunction with the
reversal of'the charge relationship occurring with each
half-cycle, as first negative and then positive ions are
attfacted to the electrode surface. - A modest amount of

electrical energy is consumed and converted to frictionai

heat from this ionic movement. ?hus, each electrbde
surface'behaves as a capacitqr, the capacitance of which
may -be quite large (on-the order of~tén to a hundred
microfarads per square centimeiﬁer).3 The capacitive
current increases with both increasing frequency and
increasing electrode size. By controlling these variabies,
it is possiblé to arrange conditions so tﬁat essentially
all of the electricity flowing through the cell 'is carried

across the electrode interface by this nonfa:adaic,bfocess.

VYoltammetry

Information”conqerning chemical reactions (i.e.
Faradaic) cah_be gained £rom an eléctrocﬁemical cell bj
sweeping thru a known.éotentiai region with time.and
recording thé i-e curve directiy; ' The potential is usually

varied (ramped with sweep rates ranging from 0.04

-
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volts/second to about 10 volts/second, but sweep rates
slower then 2 mv/second and greater then 1000 volts/second
have been used). The current is usually recorded as a
function of time which is equivalent to recording current
versus potential. The proper name for this method is
Linear Potential Sweep Chronoamperometry, but is generally
referred to as Linear Sweep Voltammetry (LSV).

The first part of Figure 2 (up to switching time §)
shows a typical LSV applied potential and response curve

where a species A picks up an electron and forms an anion

radical A :

A + e > A~ (1)

If this scan is begun at a potential well positive of E'
(the formal potential of an electrode, see Figure 2a) for
the reduction, only nonfaradaic currents flow for awhile.
When the electrode potential approaches the vicinity of E'
the reduction process becomes appreciable and measurable
current flows. (The reduction actually proceeds at all
potentials, but at potentials very positive of E' the
reduction is very, very slow. These are reductions that
can take place at "zero" voltage.) As the potential
continues to go more negative, the surface concentration of
A drops to near zero, mass transfer of A to the surface
reaches a maximum rate, and then it declines as the

depletion effect sets in due to lowering the bulk




S
concentration around the electrode. The observed
current-potential curve is therefore peaked like that
depicted in the first part of Figure 2b. The first one
third of the curve is completely under Nernstian control
(i.e. the concentrations of the oxidized and reduced
species at the electrode surface can be assumed to be at
their equilibrium values as governed by the Nernst
equation), the second third (the hump) is under both
Nernstian and diffusion controls, the last is under

diffusion control (i.e. the movement of a species under the

influence of a gradient of chemical potential) reducing

only species A that diffuses onto the double layer surface.

Eg i
A+ e—p A7
(-)T .
E |
|
| |
\ £ l
| (=) |
| ' F = L |
0 Switching time, $ %
t —
A~ e—3A
(a) (b)

Figure 2. (a) Cyclic potential sweep.
(b) Resulting cyclic voltammogram.
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If the potential sweep (Figure 2b) were reversed, at
E' the electrode potential would be going more positive and
also near the electrode surface there would still be a
large concentration of the (just formed) oxidizable anion
radical, A . As the potential now approaches, then passes,
E' the electrochemical balance at the surface grows more

and more favorable toward the neutral species, A.

A. - > A (2)

The anion radical becomes reoxidized and an anodic current
flows. For basically the same reasons the reversal curréﬁg
has a shape similar to that of the forward peak current
except that it starts at the residual cathodic current
level.

The current at point E$ on Figure 2b abruptly shifts
due to a change from nonfaradaic charging to discharging
reforming the double layer capacitance when the potential
scan is reversed.

DC and AC voltammetry are a valuable variation of the
simple form of Linear Sweep Voltammetry (LSV). 1In DC LSV a
initial step potential and/or a ramping potential is
applied to the working electrode of the electrochemical
cell. The procedure for AC LSV is identical to the DC LSV
except that a small sinusoidal AC voltage of selected

frequency is superimposed upon the DC waveform. The output

is a plot of the magnitude of the AC component of the
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current vs., the DC voltage, E By separatinglthe long

de’

term diffusion caused by E from the rapid diffuéional

de
fluctuations due to Eac' treatment 6flAC voltammetry is

greatly simplified. Edc sets up mean surface

concentrations of electroactive substances that ;on like
bulk values to the AC perturbations because of the
difference in time scales. Bard defines the faradéic
impedanqe in térms'of bulk concentrations; thus the current

response in AC voltammetry as a function of E is readily

dc
obtained by substituting the surface concentrations imposed

by E c-directly into the impedance relations. The mean -

d

surface concentration of A and A enforced by'Eac depends

on several factors: (a) the way in which Eic 18 varied;
(b) whether or not there is periodic renewal of the"
diffusion layer (i.e droppiﬂg mercury electrode); (e) the
applicable current—potentiai characteristics; and (d)
homégeheous or»heteroéeneous chemical processés (or
reactions) associated with the overall electrode reaction. .
Cyclic AC voltammetry.is a éimple extension of the
linear sweep téchnique by adding the reverse scan for
Edc' While convehtion;l cyclic voltammet;y is espeéially
" informative about the qualitative aspects of an electrode
pfocess, the response waveforms 1end'themse1ves.poor1y to
qqantit;tive'evalqations of electrochemical parameters.

.However cyclic AC voltammetry retains the diagnostic

utility of conventional cyclic measurements,.but it does so
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with an improved response function that permits
quantitafive evaluatidns as precise as those obtainable
with the normal AC approaches.

Treatment of cyclic AC voltammetry follows the same
pattern as normal DC voltammetry. The AC and DC time
scales are independently vaiiable, but -are assumed to
differ. Then a treatment of the DC aspect yieldé mean
surface cohcentfdtions, which are uséd to calculate the
faradaic impedances that define the AC response by -
amplitude and phase angle. The electrode is aséumed to be

stationary and the sdlutién is regarded as inactive for the
duration of the DC cycle.G_'7

'-In voltammegic experiments, a thfee electrode'cell'is
preferred (see Figure 3). The three electrodes are the
working or indicator electrode, thé.auxiliary or counfer
electrode, and the reference electrode. The current is
passed between the workiﬁg'electrode and the auxiliary
electrode. The auxiliary electrode is uéually made of an
inert material (platinum, pt.) that does not produce
substances by electrolysis that will reach the working'

. . . 8,9
electrode and cause an interfering reaction. '




POWER
SUPPLY
-0
m::ng elactrode
cell notation
Eyk vs. ref
{55 X
\.f Reference
electrode ? Working or
indicator
Auxiliary or
counter

Figure 3. Three electrode cell and

notation for the different electrodes.

A high input impedance is maintained between the
working electrode and the reference electrode so that
negligible current is drawn through the reference
electrode. Since negligible current is drawn, its
potential will remain constant and equal to its
open-circuit value. This also significantly reduces the
I.R. drop in the cell, which otherwise would introduce an
apparent error in the cell voltage. However not all of the
I.R. drop is removed from the voltage measuring by this
technique. Because the reference electrode is not at the
actual surface of the working electrode there is some small
uncompensated solution resistance Ru.10
The resistance can be taken into account by the following
formula, using a planar electrode with uniform current

density across its surface:
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R = x/kA ' (3)
u : '

where x is the distance of the reference electrode from
the working electrode, k is the solution conductivity
and A is the working electrode area. Thﬁs by kné;ing
‘the Ru of the céll,'for selected currents, a seléc;ed
voltage éorrection can be given by the use of positiQe

feedback to suppress the unwanted Ru'
ti cts_withi c c

- The Ru caused by the solution is only one of the
resistivé effects within the electrochemical céll:(see
Figure 4). Two more sources of uncompensative resistance.
within the cell are caused by the double layer capacitance '

and the ohmic resistance.
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Parallel
Capacitance

Lead
Capacitance

4 b
o

Parker Effect

o} s AAA

.........................................................

. Electrolyte .
C % Resistance : o}
s . . s
................. dlececcrcaccanans TRTTTPPOIPREOURRAT | T T pppapppps S—

7 Interfacial Capacitance

fr‘/ Capacitance to Ground
Through Thermostat

Figure 4. Electrical equivalent circuit

for a conductance cell.

As previously stated at each electrode-solution
interface there is a substantial capacitance. This
ordering of ions due to the charge on the electrode surface
and the trailing off of the mixture of positive and
negative ions into the bulk solution constitutes the double
layer.

If a small voltage is applied to the cell, a charging
current flows until the double-layer capacitor is charged
to its equilibrium value. If the voltage is increased, the

charge accumulated in the double-layer capacitor increases
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until a ﬁoltage is reachgd_where an.electrén-transfer takes
place across the electrode/solution interface, accbmpanied
by oxidation at the positive electrode} and reduction at
the negative electrode. This faradaic process can be
represented by a voltage dependent resistance (nonlinear)
whiéh parti;lly short circuits the double layer.  1In the
equivélent circuit, the faradaic impedance is répresented
as a comp;ex impédance in parallel with the doubie-layer
capacitance, which in effect lowers the overall resistance

of the céil.l1

In the electrolytic solution, the charge carrieré afef
ioﬁs which constitute the flow of current instead of
electrons as in a metal wire.  Under the influence of the
electric fiéld the cations migrate towards the caﬁhode and
the anions toward the anode. Because of the varying sizes
of ions tﬁere'is-aﬁvelocity dependent retarding force which
opposes the accelerating force of the electric field. 'This
results in a constant drift velocity per ion specie in a
given electric field. From this a.close approximation of
the solution resistance can be calculated.12

By~hsing'an AC rather than a DC voltage the resisténcg
effects can be reduced. Each process (double-layer
capacifance, faradaic effects, and ohmic resistance)
proceedé at a different rate so that its rélative eﬂergy

dissipations vary with frequéncy. Therefore as the

frequency increases the concentration-polarization can be
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reduced or eliminated. Then by-reducing the applied
voltage the faradaic resistances can be eliminéted;
éarticularly if there is a fast electron transfer in.bofh
directions.l? |

Even though increasing the frequency can eliminate
some resistance problems, therg are other problems that
cause stray capacitance within the,cell. Ways which are
serious are the stray capacitance befween the cells'
connecting leads, the electrode lead':esistanceAthemselves,
and thfough stray currenfs created by cell désigh geometry

(sometimes called the Parker'effect).l4 - -
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STATEMENT OF PROBLEM

In.1982.a-dc.cyclicvvoltammeter was built in this lab
using eignt double pole switches, three rotary switches,
five potentiometers, and an assortment of operational
amplifiers with corresponding hardware (resistors,
capacitors, and transistors). This instrument was used to
investigate the electrochemical properties of surfactants,
used to solubilize pesticides. These surfactants e.gq.
-Tetradecyltrimethylammoniunbromide, both cationic and
anionic, had long hydrocarbon tails varying from C-10 to
C-16. They were used in solutions where micelles were:
present and the pH and oxygen content var1ed 15 The
accuracy of each run singly had been good but the
reproducibility on consecutive runs with the same
parameters eet in was not. The factors that contributed
most to the repetitive cyclic voltammeter problems were:
1) the timing variation for switching various currents or_
potentials to the cell using manual switches and
potentiometers, 2) the renewing of the electrode double
layer to give a consistently reproduciable collection of
ions_and molecules before each run. Also there was a need :
.to allow "enhancement of data", e.g. to be able ‘to cancel

out the background current due to the electrochemical
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reaction of solvent impurities and double layer charging of
the electrode. Another requirement was a need to examine
in detail selected portions of the curve under

investigation.

Figure 5. Typical cyclic voltammograms run on
"0ld" instrument. Two consecutive runs of
Technizene in TEABr.

Figure 5 shows a voltammogram for Technizene

(2,3,5,6-Tetrachloronitrobenzene) with two runs without
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stirring and a minimal wait period. It is obvious to see
that the two waveforms are different and that the peak
currents are diffé;ent, This pfesents serious problems for‘
determining the intrinsic heterogeneous rate constant for
the irreversible reduction of compouﬁds. Accurafé
determination of these constanté depends on obtaining peak’
electrode current and potentials at a 1argé series of sweep
rates under identical conditions.

Pesticide residues in the environment are a great
concérn because of the detrimental effects they may have on
numerous 6rganisms. One of the-ways that pesticides are
decomposed is by natural reduction (electron transfer) in
anaerobic soil. ﬁowever, because the soil‘has a low redox
potential i.e. depending upon moisture content and amount
of substrate, the rate for this_processes is hard to
determine for many chemicals. An estimate of the time
frame for the reductive degradation of a pesticide may be
ascertained in the laboratory by measuring the intrinsic
rate constant from data obtained by cyclic voltammet;y,
only at much higher potgntials; and then extrapolating back
to the soil's redox potential.

An instrumental solution to ﬁhe'wavéform variability
problem, computer ehhancement, and“its application to
reductive degradation of pesticides at the soils redox

potential is the goal of this research.
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EXPERIMENTAL

ACCV Hardware

Ac cyclic voltammetrf (ACCV) has been knoﬁn ;nd.has
been in use for the past twenty years. 'Sincg the
development of the operatioﬁal amplifier both precision and -
accuracy have greatly improved.16 However until the last
several years computer interfacing with the eiectrochemical
cells has been uncommon..,With the new microprocessors and .
minicomputers, the data collection has been greatly
enhanced and‘ﬁost of the human error (e.g. settiﬁg of
potentiometers, voltages, sweep speeds, and recording daté)
has been eliminated. |

The extent of interfacin§ depends on ﬁhat is to be
accomplishea with the ACCV; what éotentials are to be
applied and retrieved and the various control sections of
the voltammeter that need to be digitally controlled. For
the ACCV that was construéted, the following modules were
built to have a direct linkage to the computer (see Figure

6):.

'i. Interfaée
2. Initial DC potential
3. Dc step potential

4. Dc sweep generator
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. Ac sine wave generator

The potentiostat

Ac and DC response separator

Gain control and positive feedback

W O N oy W
[ ]

. Sample and hold with d/a converter
10. X and y recordef output
Interface

An-Applé II e was. used as tﬁe base computer.17 Slot
#5 of the Apple was made available via a 50 pin connector
ribbon cable to bring the timing signals, addfess lines,
“and data lines to the ACCV interface board (see Figure 7{.
Address lines were ﬁsed to_decode and select for one of
sixteen ports using two 74LS138 (one of eight
decoder/démodulator chips) in parallel.18 For all the
output borts except the DC sweep generator; nine AD 7542
Cmos digitél to analog converters with 12 bit
‘ resolution19 were used with accoméanying operational

amplifiers to complete the interfacing.
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Figure 7. Computer interfacing; A/D Converters

Initial Potential and Step Potential.

Initial DC Pot 123
The DAC 7542 acts as a digitally controlled precision

variable resistor to convert the reference voltage into a

current.

When selected, a digital number between 0 and

4096 which corresponds to voltages from 0 volts to the

reference voltage (i.e. 10 volts) is entered at the
computer terminal. Since the DAC 7542's have only four
data input lines and the micro processor is a twelve bit
processor, computer software is used to bring the data into
the DAC's in three clock cycles four bits at a time.
Operational amplifier OA #1 is used to develop the DC

voltage from the current output (pin 1) of the DAC. If a
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negative DC voltage is desired, -a sign conversion switch
(AD 7512) is used, controlledyby the computer software, and
fed into a unity gain operationai amplifier OA #2. The.
- .output of OA #2 is converted from a voltage to a current by
a 10K ohﬁ resistor and the reéulting current is fed into

the common bus line to the input of the pétentiostat.

DC Step Potential

The DC stép potential allows the cell voltage to be
stepped a specific amount and then returned, or to |
increment the voltammeter voltage in steps (called.stair
step.voltammetry). Thé amount to be incremented is
determined by the operatdr‘and the computer software. The
electronics of the DC step pétential circuit is identicél
to the initial potential circuit and the output is also
converted to a current and applied to the common bus line

going to the potentiostat.

DC Sweep Generator
The heart of the interface board that controlsiall the

1§gic and switching, is the R6522 control'chip',20 that

has a variety of functions includiﬁg two output ports A and
ﬁ with 8 control lines each. Several of the control lines
are ﬁade available to seiect the switches used within the
'ACCV circuits. Port A control lines, PA3 to PA6, are ﬁsed

to regulate the output of the'logarithmic digital to analog
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converter, DAC 7621 (see Figure 8). PAO and PAl of the
R6522 chip output control signals to turn on two switches;
a run/hold switch to feed a DC voltage to the integrator,
OA #17, and a run/stop switch to zero (clear) the
integrator. PA7 is the sign change bit for the DAC 76.
The output voltage from the operational amplifier OA #15 is
0 to =12 volts when pin 16 is made the output (logic 1 at
PA7 6522 chip) and 0 to +12 volts when pin 17 is the output
(logic 0 at PA7 6522 chip).
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Figure 8. Logic Control and Sweep Generator.

When the voltage from OA #15 (positive or negative) is
appiied to the inverting input of the integrating

operational amplifier OA #17, an RC time constant is
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developed by the integrating circuit R30 and C9, causing a
(positive or negative) ramping DC voltage which is applied

to the bus line feeding the potentiostat.

AC Sine Wave Generator

The sine wave generator circuit is shown in Figure 9.

The frequency of this sine wave oscillator is a linear
function of a digitally controlled input. The digital
controller is made up of two digital to analog converters,
DAC 7542 acting as digitally variable resistors in place of
two passive resistors normally present in a standard sine

wave generator of this type.
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Figure 9. AC Generator, Attenuator, and Phase
Reference.
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It can be shown from basic circuit analysis that the

frequency of oscillation is given by:

_ - 0.5 |
F, = 0.159(R /C.C VR VRR .) (4)

with the conditions for oscillations being given by:

C7R20R17/R19 >= G : (5)

where.G is a gain constaht. The frequency of oscillation
is a function of the virtually grohnded variable resistors
VR1(DAC 5) and VR2(DAC 6). Because the two vériable_
resistors are digitally controlled modules their_output B
values are given by:

n .
VRl = VR2 = RQ(Z -l)/N (6)

where n is the number of digital bits available, N the

aigital number programmed (set), and R_ is a constant,

0
The relafionship between: the output frequency and N is
perfectly linear.22 ' '

The output of Ehe frequency generator OA #11 pin 8 is
fed into both 0OA #13vwhich converts the sine wave to a
square wave as a phase reference and to the voltage
;eférence pin 15 of another DAC 7542, used this time as a

digitally controlled attenuator. (Which can attenuate the

sine wave from. the réference voltage level to 0 volts.)
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The attenuated AC signal is used in conjunction with
either the initial potential, step potential, or sweeping
DC voltage as a superimposed-signal to cause an AC -
pefturbation on the couﬁter electrode of the

electrochemical éell. : | _

The Potentiostat

The potentiostat is the heart of any voltamﬁeter
system. This is the point.where_all the entered control
currents are summed and sent to the electrochemical cell
through the summing amélifier OA #24 (see Figure 10). _ .
Operational amplifier OA #25 is the voltage reference
amplifier to the electrochemical cel;. OA #26, a current
amplifier, takes the cell reaction current, both AC and DC,
to the response separator to be separated and 'réad' by the

computer,
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Figure 10. The Potentiostat and Electrochemical
Cell.

AC and DC RESPONSE Separator
The AC separator, OA #18 of Figure 11 is basically a

bandpass filter composed of a differentiator and
integrator. The differential capacitor, Cll, blocks the DC
current while the operational amplifier feedback resistor
R35 amplifies the AC current passed by Cll. An integrating
section consisting of Cl0 and R34 limits the response at
high frequencies and set the center frequencies of the
bandpass filter to approximately ten times the maximum AC
operating frequency of the instrument (2 KHz).23 At this
bandpass frequency a 90 degree phase shift occurs and the
nonfaradaic capacitive reactance, Xc, of the

electrochemical cell can be processed.
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Figure 11. AC/DC Separator, + Feedback, 3

and Omnigraphic Recorder.

The DC separator, which looks at the pure resistive
effects of the cell (0 degree phase shift), is comprised of
OA #19 a voltage amplifier with an integrator Cl2 capacitor
selected to limit the high frequency AC signal to a low

level.

Bot g2 Peadbac i Gai
In the positive feedback circuit, the cell current (as
a voltage) is taken directly from the current amplifier OA
#26 and inserted into a digitally controlled resistor DAC
7542, This DAC controlled by software enables a portion Qf
the cell current to be fedback in a "positive" sense to the
potentiostat bus line to appear as an offset voltage on the
counter electrode that matches the IR drop due to the

uncompensated cell resistances. The program for the
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" positive feedback ciréuit is used to compensate for
uncompensated IR drop within the cell and must also prevent
oscillation in the cell. The digital signal to this
converter (DAC 8) which acts as an attenuator, is incréased
stepwise until 6scillations occur in thexpotentiogtét then
the digital signal is backed off to below the threshold
level, 24123 |

The gain control circuit (DAC 7542, a computer
controlied resistor module) sets the relative size of all
the voltages sent to the A to. D convérter (ADC 574A) which
'is read by the computer; Eight different potentials are - -
relayed to the gain control DAC.via an one in eight
multiplexer, 7503.25 The véltages selected for the
multiplexer are: . (1) initial pétentiai,_ (2) step
potential, (3) Voltage reference (from OA #23), (4) the
cell voltage, (5) separated AC, (6) separated DC, (7) X

recorder (cell voltage), and (8) Y recorder (cell

current) .

d d wi - o _Digi verter
The sample and hold circuit, whiéh consists of a.
voltage,followef (current amplifier) with a holding‘
capacitor, works in conjunction with the analog to digital
converter KAD574A)}26‘Figure i2. The AD 574A is a
complete 12 bit éuccessive—apprqxiﬁation unit with 3-state

output buffer circuitry and a 12 bit accurate 10 volt
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reference voltage. This voltage reference is used as the

reference source for the DAC 7542's and the DAC 76.
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Figure 12. Sample and Hold, A/D Converter,

and Voltage Reference Generators.

From the electrochemical cell all of the derived
voltages are analog and to be processed by the computer
these signals must be converted into digital numbers.
During the read operation the sampling capacitor, Cl4,
holds the changing analog voltage at a fixed level long
enough for the A to D to convert it to digital data and
with software to transfer this information back to the
computer. The data is then stored and processed to the

screen and/or printer as an analog number.
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X and Y Recorders

Since a cyclic voltammogram is a pldt~of voltage (X
axis) vs. current'(Y‘axis); two DAC 7542's are used. The
circuitry for both the x and y chénneis of the recorder are
identical to the circuitry for thé,initial potential and
step potential exceét the output voltage, not a current, is
fed to the recorder, thus they do not have output
resistors. The analog signals from the electrochemical
cell, the voltage aﬁd‘the currenﬁ, afe'digitized bj the Aﬁ
'574A and transfer?ed tolthe computers memory where it is
stored in an array. Since the response time of the )
computer is faster than that_for the omnigraphic 2000

recorder, the data is held by software and the spéed of

data trénsfer is then matched to that of the recorder.

'The physical diﬁensiqnstof the electrochemical cell (a
cylinder) is 4.5 cm high by 2.5 cm in diamefer giviﬁg an
overall VOiume of 22cm3. The cell was filled with a 10 ml
sample of_electrolyte and two to five microliters of solute
_ dissolved in a solvent. The three electrode array
(workiné, cqunte;; and referenée) have dimensions of 0.5 cm
by 0.5.cm'for the Qorkiﬁg and Eounter eléqtrodes and a four
millimete: glass tube with a frit made up of porué vycor
with a silver wire coated with a silver chloride for the

reference electrode. Within the cell is dlso an argon
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inlet line and a stirring bar.

The platinum working electrode is mercury coated by
first cleaning the platinum with hot concentrated nitric
acid and rinsing in distilled water. The electrode is‘then
held in a 1 N solution of perchloric acid over a mercury
pool for several minutes at a potential of th;ee volts or
enough to evolve hydrogén gas at the elgctrode surface.
After several minutes of evolving hydrogen gas the
electrode is dipped into the mercury pool maintaining the
three volt potential for an additional minufe allowing the ]
mercury to adhere to the platinum surface.2

Argon,'when it is discharged from its bottle is dry,-
and to prevent electrolyte eﬁaporation the argon is
presaturated with distilled water by allowing it to flow
through a column of distilled water in a fhefmostated-unit
to maintain the same temperature as the cell.

When chemical reactions approach thermodynamic
equilibrium they become very sensitive to their
environment. Tﬁree conditions within a cell that can cause
a thermodfnamic change in a reaction are: (1) aerobic vs.
anaerobic conditiohs; (2) temperature_changes; and (Bf

changes in the electrode surface.
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obic 3 ‘Anaerobic
Because oxygen is chemically reactive with many
substanqes_and electrochemically reducible, the
electrochemicél process requires the exciusion.of oxygen.
This is denerally done by purging the system with a flow of
an inert gas (e.g. ﬁitrogen, argon, helium, etc);
' The choice of inert gas used is argon which is‘bubbled
into the solution at 15 psi. The reason for afgon is two
fold; the solute that is being used is a surfactant and
nitrogen which, when it.is uséd, causes the surfactant to
bubble whereas the argon does not. Secondly, the argon
which is heavier the oxygen floods the cell and diéplaceé
the oxygen,'but helium and nitrogen whiéh are lightér then
oxyden may leave an-oxygen'residpe‘at the solutions

surface.28

Temperature

Diffhsion coefficients in aqﬁeous solutions have a
temperature coefficient of about + 2%/degree.29 Which
means that the voltammetric.peak current increases about 1°
to 2%/degree; The rate of follow-up chemical reactions of
reactive species produces ét ﬁhe electr6de surface depends
even more strongly on temperature. - For these reasons,
temperatﬁre control to +/- 0.1 degree celsius or better is

required for repfoducibie and careful quantitative work.
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This is accomplished by circuiatiné water in a jacketed.
C.ell.30 | |
The Elgctrédg'ﬁgtﬁgcg
To be able to detérmine reactionhrate or an
oxidation/reduction sequence, a reference point fer the
reaction is necessary. To accomplish this the electrodes
must be 'clean' (no double-layer capacitance) to start
with. Cleaning the electrode surface can be done by
stirring the solution fast enough and long enough to get a
randomized mixing of &anions and cations in the samplé
solutién. For good reproducibility between runs each
mixing should bé consistént (i.e. the same speed and»tiﬁe).
This can be accomplished very precisely by using computer'
control and a zero crossing triac driver (solid state
digital fo high voltage relay, see Figure 13).31 - The -

zero crossing switch is used to prevent noise pulses which

_can interfere with the voltammeter or the computer.
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Figure 13. Magnetic Stirrer Controller.

The digital logic that is used to perform this task

uses an astable multivibrator to gate a monostable

multivibrator which sets up a variable 'time on' positive

waveform for the stirring motor. When this positive

waveform is 'ANDed' with the positive five volt signal

(logic 1) from the computer, the stirring motor is

energized through the zero crossing triac.

The length of

motor on time is therefore contdrolled by the computer's

software.
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Forth

The software package'developed for the ACCV is
extensive. The language called FORTH has many uses but was
developed primarily for instrumentation. There are
numerous reasons why FORTH is good but one reason makes it
an outstanding tool for research, its indirect threaded
format structure. 7
| Threaded format structure is a bottom up'configuration
thch requireé that all 'words' (sub programs) are.to,be -
defined before using them. Each word has a définition
which may be anything from a mathematical formula to an
error message. A complete program does not have to be
written.to test a portion of én instrument, just thé areé
that deals with the séction_under
2,33 ‘

investigation.

The ACCV Prodgram
The ACCV proéram is based on a meﬁu dfiven system,
The main menu is the maih bfanching point in the program.
The full auto test}_the selected tests, calibrate
instrument, single run, multiple'runs, ang quit program are
the'six sub—progfams that make up its itinerary (Figure

14).
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CYCLIC VOLTAMMETRY
‘MAIN MENU
Initialize Program
Calibrate Program
Full Auto Test. -
Selected Tests
Run Menu

QuitiProgram

Please type number of item selected

Figure 14. Main Menu for the ACCV. - -

Test quggamg

The full auto test and selected test are identical

except that the full auto is a threaded test going from one

section of the instrument to another withoﬁt manualVA

instruction or intervention.. The tests are to measure each

ofathe digital to analog converters, the analog to digitai

converter, and the AC generator by loading a voltage value

at the computer terminal énd‘reading the correct voltage

response at the computer screen/printer and/or at the test

points on the ACCV multilplexer, AD 7503, using a

voltmeter. If any of the integrated circuit outputs are-

outside of specificétions then the calibrate program is

~ca11ed.and ran. This allows a positiveior negative offset

and span correction to be applied to the offending DAC or

ADC to bring in the.correct voltage.
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Caljbrate Prodram

In the qalibrate instrument menu ksee_Eiguré 15) there -
are five sub—rbutines for the complete calibration of the
ACCV. Although the AC frequency generator and attenuator
hardwéfe is physically in place in‘the interface the
software fér it has not yet been completed as is the
'programming for the positiVe feedback. The oﬁher four:
the A to D, the D to A's, thg sweep rate generator, and the
cell current constant have béen completed. These will

breifly discussed.

" CALIBRATE INSTRUMENT

MENU
1. A to D Converter Tables
2, D to A,Voitage Converters
3. Sweep Rate Generator
4. AC Frequency Generator
and Attenuator
5. Cell Current Constants
6. Quit Program
7. Return to Main Menu

. lease type number of item selected .

Figure 15. The Calibrate Menu.'
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6 D_Co r
In the case of the gain control circuit a maximum
-output to the A to D converter should be within sixty to
.one hundred percent of full écalé for best sensitivity. A
test run for ﬁhe maximum curren£ peak on the cyclic
Voltaﬁmogram is made and peak current is compared against'
the current satUrafion level. A software program was
generated to take the calibrated gain at all gain levels
(between 0 and 21) and £fill the'probéf table for saving in

the running file for the run sub-program.

D to A ConverterS
The D to A converter subcalibrate program gives the
user a messade on the full scale (+/- 10000 millivolts) and
the zero offset (0 millivolts) for both the positive and |
negative outpdts.' The digital to analog converters _
measured in this sub-program are the Initial Potential DAC,
the Step Potential DAC, the X Recorder DAC, and the Y

Recorder DAC.

e' 'te nerator
1he sweep rate program initiates a sweep rate tablé
(both>positive and negative), also for the running file,
with a printed meséage giving the sﬁeep rate number (0 fo
31), the number of millivoits per second initial voltage,
the value of_the voltage at the end of the fun, and the

number- of 40 millisecond repetitions it take to achieve thé




39
final voltage.

Cell Current Constant
When the current is finally 'read' by the A to D

converter it is stored as a digital number. To do any
quantitative work that number must be converted to thé
actual current value from the cell."This,convérsion number
is done during calibration. A knoﬁn &oltage is applied to
a 'dummy' céll with a 10,000 ohm resistor acting as the

cell resistance., A cell current now can be calculated and
then ﬁsea to convert the digifal.number to their reépectea -

. current values.’

T R S
Figure 16 shows the run mehu is bésically divided into
three sections, @heAsingle run, the multiple runs, and data
enhancement.
RUN MENU
. Single Run

Multiple Runs

Data Enhancement

Return to Run Program

Quit Program

<) ($)] [ w N Ll
L]

. Return to Main Menu

Please type number of ifem selected

Figure 16. The Run Menu.
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The Single Run

In the case of the single run the‘operator has the
option of using the last run paramefe;s which have become
the default vaiues or of changing any of the paréﬁeters
ihdividually. Timing is very critical in the run area of
the ACCV program. When the respective voltages: initial
potential, step potentiél, and limit potentials (v§ltage
points where the voltammogram sweep is to reverse) are
entered along.witﬁ the desired‘fesolution, the ﬁotal number.
of data points to 5e collected are éalculated (maximum
4095). From this value and the sweep rate, the number of
clock cycles (clock cycle is 0.9777777 usec) per data point
are found. | |

A limiting factor is the'converSién fate speed at
which the analog to.digital converter (ADC) can'qoﬁ&ert the
analog curreﬁt or voltage to a digital-number and store it
‘in.a designated place in the computer memory. fhe"fast'
limit for the ACCV is approximately 100 microseconds per
data point, equivalent to about 10 voltsApef second at 1 mV
resolution. Down to 6 milliseconds pef data point the pen
of thewdmnigréphic 2600 k—y recorder cannot follow
accurately the data transferred to it. At s;ower sweep
rates the ;ecorder can follow'tﬁe data in real time. 1In
all cases, thé data is stored into computer memory and at

the end-of the run all parametérs and run identification
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are sa?edlto mass stofage (floppy disd); Thé data which
can be brought back into computer memory from the disc is
transferred to the_recorder'DAC,by a delay loop tha£

matches the response time of the x-y recorder.

| T i Runs

In the.multiple runs sub-program, the sequeﬁce and
-timiné requireﬁents are the same except that a program loop
is generated to implement successive runs} manually at
different sweep rétes, until the requested cycles are
completed. There are four different scenarios for the
multiple runs. Two in deiayed time (data to mass storage
first) and two in real time'(aata to x-y recorder-and mass
storage) both have the option of stirring or not sfirring
between runs and all have a table for variable sweep rates

to be set as desired. .

Data_Enhancement
The results of being able to store the response

current or voltage as a high resolution (12 bit) digital
number has enabled voltammetry to benefit from pfecision
data enhancement. With the cyclic volfammeter built in
i§82; background currents due to solvent and/or contaminanf
reaction and double layer charging could only be removed
manuélly from the reactive-species voltammograms obtéined
on the X-Y recorder. With the current software program,

now both the background and the reactive species plus
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background can be stored into memory and then unwanﬁed
background eliminated by subtracting data point by data
point.

Another section of the enhancement program allows the
“user to select only specific areas of the responsé éurve
for anélysis. Since the currents are stored in memori
under sequential addresses, by selecting a beginniné and an
ending address all the current numbers between the two
limits will be processed to find the potential at the
maximum current point or to bé ﬁransferred to the x-y
recorder to produce an expanded segﬁent of the
voltammogram. This progrgm will also allow data averéging
or curve fitting to reduce noise in the future.

The main menu is the main branching point for-
selecfiqn of the calibration, tésting Oor runhing
sub-programs. But after any run sub-prograﬁ is finished
the computer automatically returns the user to‘the run_.

.program menu where another‘run or return to main menu can

‘be selected.
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RESULTS AND DISCUSSION
Spil 1 Noi

Of all the problems associated with constructing and
programming of the ACCV, one stood out as the most
significant. Due to the stringent timing requirements of
data collection an assembly language routine was employed
in this program section. However during the test after K
this routine was employed, when the voltammeter was
selecting the dc current mode on the multiplexer (7503),

many spikes of two to three volts in magnitude were noted

(Figure 17).
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Figure 17. Example of spike problem of the ACCV.
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The multiplex channel is selected by the I/0 logic
chip 6522A (VIA) with a number.betweén 0 to seven (binary
000 to 111). Fortunately, during initial testing, when a
binary seven (which multiplexed the cell voltage) was
selected the subsequent waveform was clear of spikes. But
when any bf the other channels were selected, spikes
appeared. It was further noted that when the multiplexA
address number had more then one zerélthat the spikes
increased in number, with the addrésslfdr DC current (000)
having the most spikes of all. Removing the multilplexéf
chip and hard wiring the dc current line from OA #19 pin ~
seven (see Figure 10) to R38 did not change the situation.
Spikes in the the same ratio and magnitude were still there
when any of the ofﬁending channels where selected although
the multiplexer was removed. _The circuit showed upon close
inspection tha£ only the ORB bits of the 6522A I/0 chip
where being used under these conditions and the problem
might involve the ORB register.

SCR # 8
10 5 L: BM7 1- # LDA ORB AND ORB STA ATOD LDA N 1- STA

Figure 18. The ORB section of the ACCV
assembly language code.
The only place in the assembly language routine in
CV-R where ORB is involved is screen eight, line ten, (see

Figure 18). Here the accumulator is loaded with the
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channel #, 'ANDed' with wHatever bit pattern there is from
the ORB register and the'resuit_stbred back in the ORB
Register to ciear the hold switch. Immediately folloﬁing
this the A to D byte was read into the accumulator and its
value.shoﬁed occasional random hi bytes. | -

The spikes were removed from all channels of the
‘multiplexer when the assembly language routine was
reérrange to separate the loading and storing of the ORB
register.from the sample taking routine of the A to D and
the sample and hold switch was left on until af£er the A to
D was complete. -

When a dummy cell was instélled in the potentiostat
there was no observable noise on the system, but when a
real cell with a solution of ten ml of 0.1 M sodium sulfate
was uéed with the three electrode system, high frequency
noise signal wés seen in the x-y recorder and in the data
“file. Sawye'r,34 in his book "Experimental
Electrochemisﬁry for Chemistsf, recommends putting a
damping capacitor between the counter electrode and the
feference electrode to stabilize this common type of
oscillations. The filter capacitor (C12) in the AC/DC
separator circuit was also increased to.give‘a_time
constant of Cl2 R36 of 5 milliseconds. A éombinatiqn of
0.33 uf for the Cl7 (potentiostat capacitor) and 0.1 for
the Clﬁ gave the best noise suppression at-ali sweep rates

for this cell, using the large Platinum flag electrodes
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_(6.25cm2'areé).
t ages

Both accuraéy apd precision (reproducibility? have
been increaséd becapse.of the implementation of integrated
_circuits; Through the calibrate program it is now possible
to know exactly the voltages (as current values) that afe
being applied to the cell and that the response current
from the cell is also correct. In Table 1 the initijial
potential (DAC #1), as loaded from the keyboard is compared
to the multimeter reading at the input to the |
eleétrochemicél cell on the potentiostat (OA #24 pin 1) and

at tﬁe input to the sample and hold circuit (SW #7 pin 14).
A gain value of two (4095/4010) is typed in to compensate
for the signal attenuation,:caused by resistor préciéion
(or lack Bf it) betwéén the cell and the sample and hold.

Table 1. Voltage comparisons in mV and % error
after calibration on Initial Potential DAC.

Component name Keyboard OA #24 % Error SW #7 % Error

RUN# 1 180 -187 4.0 166 7.6
RUN# 2 4000 -3980 .5 - 3940 1.5
RUN# 3 h 8000 -8050  .625- 8000 0.0
I.P. DAC o . ‘
RUN# 1 ~180 177 1.6 -194 7.8
RUN# 2 -4000 4030 .75 -4000 0.0
0.0

RUN# 3 -8000 ~ 8050 .625  -8000
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The largest error occurs at the ldwes£ input voltages
because the DAC's are digitally controlled and subject to a
+/- 1 difference in the least significant bit, thus the. |
lower voltage values and are subject to more er;or;

Under these conditions_of gain the DC-sweep generatof
had been.operated at its maximum of +/- 12000 mV/second
sweep rates with a two mV/data point resolution (to'avoid
over running timing) with good results. Higher sweeﬁlrates
could be achieved with this system e.qg. iOO;OOO mV/second
by modifying the RC values of the sweep rate generator, but
the resolution would have to be cut to 10 mV/data point to
allow the A to D conversions to keep up. In Table 2 the
actual sweep rate voltage,"entered on the computer in
mV/second are compared to the signal (from the DAC 76) at
the input of the integration circuit, SW #5 (start/stop
run, see Figqure 7). |

- Table 2. 'Sweep rate voltage comparisons in mV
and % error after calibration on DAC 76. -

Keyboard SW #5 % Error Keyboard SW #5 % Error

1. 63 - 90 42.8 . -44 -50 '13.6
2. 157 . 179. 14.0 -141 =137 2.8
3, 359 326 9.2 -249 -236 .. 5,2
4. 1072 1000 6.7 -1076 ~1015 5.7
5. 2315 2200 . 5.0 -1917 -1837 4.2
6. 3206 3050 4.9 ~3212 -3080 4.1
. 7. 5718 5440 4.9 -5607 - =5440 3.0
8. 7507 7940 5.8 -7261 ~7940 9.3
9. 11763 11110 5.7 6.3

-10159  -9520
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The keyboard input voltage is in milli§olts and the $%
error is a relative error. On the runs, l-3lis ih the low'
range 0 - 500 millivolts, 4-6 is in the middle fange 500 -
5000 millivolts, and 7-9 is in the upper range 5060 - 12000
millivolts. The priﬁary operating'range and area of
greatest consistency is the medium to low uppei rangés 500
- 8000 millivolts. The %‘erroi'in thié iéﬁgé has a meah of
5.4 %, a standard deviation of'l.25'%, and a standa;d
deviation from the mean of 0.27 %. The lower sﬁeep:rate -
values show .the most error because again'the lower bits are
subjected‘to the +/- i difference in the least siénificant

bit.

ﬂavgfqrm'Rgprodgcibilitz

Because of ;heAcoﬁplete computer control over the
stirring time and intensity of the solution, the
variabiiity.of mixing of the double layer at the electrode
surface is now removed. With the use of timing loops.
(software), an exact fime length can be generated for each
stirring sequence along with a teh second wait period’to
allow the sélution‘fq come to rest. More important to
waveform reprqducibility than the stirring sequence, is the
time aliowed for the electrode to approach_a point of
equilibrium wifh regard.to adsorption and redox. The

longer the wait period between runs, the higher the initial .
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current values. A complete run including computer program
compiling time is approximately five minutes. All this
waiting time has to be taken into consideration for good
quantitative results. Figure 19 a and b, depicts two runs
each of an air saturated 0.1 molar solution of sodium
sulfate. The first run of Figure 19a had a five minute
wait period (upper trace) and and a forty second wait
period (lower trace). Figure 19b is the same sample, with

identical parameters, but with two runs each having a forty

second delay from the previous run.

|

1
|

\
\ A

0 £ -1600 0 o -1600
(a)

(b)

Figure 19. (a) 0.1 M Sodium Sulfate saturated with air,
4023 mV/sec, init. potential -400 mV,

neg limit -1600 mV, two runs, five minute and

forty second wait periods. (b) 0.1 M Sodium Sulfate,
two runs, identical conditions, forty seconds

wait period each.
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There are times when renewing the double layer of the
electrode surface is not desired, especially when looking
at just a diffusion process within the cell. But how much
is the stirring going to effect the output waveform of the
samples? Figure 20 shows three waveforms superimposed on
each other, with one second, ten second, and fifteen second

actual stirring time and identical wait periods of five

minutes.

0 my -1600

—

Figure 20. Effects of stirring at three time
intervals: one second, ten seconds, fifteen seconds.
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With the_increased’stirring time the peak currents
~only grew slightly larger. By comparing the waveforms in
Figures 19.and 20, it seems that the stirring had only a
'slight effect and it is mainly the precision in starting
each run at the same time or the same equilibrium‘point

that gives good quantitative results.

Real Time Verse Delay Time

In all cases, whether the ACCV is running in real time

i

(slow speed) with the x-y recorder operating concurrently
or delay timé (fast speed), the‘daté first goes to,compu;er
memory, at the end of the run all current sambles as
digital nuﬁbers will be seﬁt info mass storage for later
evaluation. The question arises is there an érror when the
curreﬁt sample is converted intéla digital number then back
again to a curfent to the x-y recorder. Figufe 21 shows
again the comparison for the sodium sulfate solution. The
fifst run is in real time and superimposed the same results
only in a delayed pldt‘after the raw data was bfouéht back

from mass storage.
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Figure 21. 0.1 M Sodium Sulfate saturated with air,
65 mV/second sweep rate, two runs, one in real time
superimposed with a delay plot from mass storage.
Again the currents on each of the cyclic waveforms
show that the waveforms are identical, which substantiates
the precision of the digital integrated circuits of the

ACCV. By careful and frequent calibration of the digital

I/0 circuits their errors can be kept to a minimum.

l 3 Elimi !

When the cell potential for a Mercury electrode goes
far enough negative then current rises exponentially due to
electrolyte or solvent reduction, which limits the
effective potential range of the system. If the background
current is allowed to rise to more then ten to twenty
percent of full scale then a portion of the response from
the reactive species may be lost. This situation can only
come about at fast sweep rates, where the double layer

charging current is large. By using the data enhancement
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program, background'elimination for selected areas of the
.response curve can be obtained. Figure 22a shows a cyclic :
voltammogram with Lindane (5X10—4) as the reactive species
and Tetraethylammoniumbromide and
Tetradecyltriﬁethylammoniumbromide (a surfactant) as the
supporting electrolytes, .In'Figure.22b the voltammogram is -
of the electrolytes alone while 22c¢ is the resultant
waveform with the electroiyté background having been
subtracted. | |

The area at the extreme negative limit (-1600 MV); has
little informational value because of the high solvent
current peak. By adjusting the negative limit iﬁward.(mo;e
positive) to remove the high current peak and then doing a
background elimination of the whole waveform a sméoth
resulting curve (Figure 22c¢) is obtained with clearly

defined current peéks.
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Figure 22. Background elimination of
Tetraethlyammoniumbromide and
Tetradecyltrimethylammoniumbromide from Lindane.
reduction. (a) Reactive species and background.
(b) Background only. (c) Background eliminated.
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SUMMARY

As electronic devices e.g. integrated circuit chips,
operational amplifiers, and analog switches improve so does
voltammetry. Three areas that have showed marked
improvement in ac cyclic voltammetry because of the
electronics are: 1) computer control of summing point
currents, 2) precision (reproducibility) of successive
waveforms, and 3) data enhancement.

With previous voltammeters the waveforms were the
exact cell response of the curfents supplied to the working
electrode to the x-y recorder (magnified by the mechanical
response time of the recorder). But because of the manual
switching of voltages and the inability of being able to.
'Superimpqse correct voltage offsets to the ope;ational
amplifiers,.precise application of currents to the cell was
difficult. With the DAC 7542's and the calibrate software
program now exact offset voltages, if needed, could‘bé
implemented on to the operational amplifiers to output
precision currents to the summing point in the.
potentiostat.

Reproducibility is only partially guaranteedvby the
precision of the digital resistors (DAC 7542's) supplying
the currgnts to the celi. The cell itself, at the

electrode-solution interface, is responsible for the
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waveform cqnsisténcy. -Pfeviousiy the celi solutions were
sfirfed using a Corning magnetic stirrer to renew the
electroée surfgéé. With computer software and the
enhancement of the Corning stirrer, using' a digital’
stirring motor switch with a digital to high voltage triac
driver, concise stirring routineé were generéted thus
éllowing the electrode-solution interface to have~£he same
random mixing of ions for each run. -But more important
than that‘is tﬁe ability with compléte computer control to
have exact times between each run t0'guaran£ee that the
solution is at the samé point in equilibrium every time,-_
thus giving very precise waveforms and aigital data stored
in mass storage.

Data enhancement has had the -greatest impact pﬁ the
development of the new cyclic'voitammete£. 'By péing able
to digitalize the cufrent'frqm'fhe electrochemical cell as
a.digi£a1 humber'itzéllows the user to reproduce any
section of the waveform at will, to eliminéte background

interference, or the pick out the potential of the reactive

species at its maximum current points.
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