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Potentiostatic circuit configurations with work electrodes and auxiliary electrodes at ground
potential have been reviewed and compared. Though the former is by far the best known and most
used, the latter was more convenient and accurate in interfacial capacity measureme2@2 ©

American Institute of Physics[DOI: 10.1063/1.1463715

I. INTRODUCTION

Potentiostatic circuits that employ operational amplifiers
have been used routinely to apply a polarization potential t
an electroddusually referred to as a “work electrodgtvith
respect to a reference electrode, avoiding the flow of an
current through the latter, in order to keep it strictly nonpo-
larized. To this purpose, a third electrode, the “auxiliary
electrode,” is added to deliver the required current.

Potentiostatic circuits can exist in three different basic
configurations, namely with grounded wai®W), reference
(GR), or auxiliary (GA) electrodes, depending on which
electrode is held at ground potential. Moreover, each con-
figuration comes in two different flavors, depending on
which electrode, the work or the auxiliary, is used to measure
the current through the cell.

Two of the three basic configuratiof@W and GA are
quite identical from an electrical point of view, while the
third one(GR) is almost equivalent, as shown in the Appen-
dix. Considerations of convenience usually suggest to choose
one or another among them. The current measurement per-
formed on one side or the other of the cell, instead, can
affect, to a different amount, the accuracy of measurements,
as it introduces the impedence of the current measuring de-
vice or circuit in series with the electrode it is connected to.

The GW configuration has been, by far, the most popular
one and the one most frequently udédg. 1(a)]; the GR
configuration[Fig. 1(b)] has been used mainly in multielec-
trode system$:the third configuration, with the auxiliary
electrode kept at ground potential, has received little atten-
tion and is seldom encountered in the literature. We are
aware of only one work in recent years where this configu-
ration is adopted or suggestédhis last configuration, how-
ever, offers some advantages over the classical one. Re-
cently, we went through the whole subject in order to find an
optimal configuration for the potentiostatic circuit to be used
with the interfacial system we are currently studying. We did
find that the GA configuration, though overlooked for such a
long time, is indeed the most convenient.

Il. EXPERIMENT

layer. The apparatus is a modified Langmuir balance, by
which surface pressure of the film can be measured by the
isymmetric drop shape technique while keeping the polar-
ization of the mercury-monolayer-solution assembly at a
yonstant controlled valu®An ac signal of given, small, am-
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FIG. 1. The three basic configurations for potentiostatic electrode polariza-

. . .. . . _tion: a: grounded work electrodésW); b: grounded reference electrode
Currently we are using a potentiostatic circuit to _p0|ar|ze(GR); and c: grounded auxiliary electrod&A). The “X” marks the legs
a sessile mercury drop electrode covered by a lipid monowhere electrode current can be measured.
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AUX range of very low frequencies, but it increases rapidly as the
- gain of the amplifier in the CVC rolls off with increasing
frequency and, even worse, it behaves as an inductive reac-
tance that results in series with the interfacial capacitance.
WORK Current is more conveniently measured on the auxiliary
electrode side of the cell, but this requires a “floating amme-
ter” or a power supply with a floating ground, as shown in
Figs. 2b) and Zc), respectively. Both problems outlined in

(i) and(ii) can be avoided without any increase in the circuit
AUX complexity using a configuration with the auxiliary electrode
REF) at ground potential, as shown in Fig. 3. The work electrode is
WORK
R

/;
REF|

—
o
~

connected to the output of a voltage follower whose very low
output impedence contributes the shorting path to ground for
the picked-up interference. On the other side, the CVC is
implemented in the simple ground-referred configuration,
with its spurious input impedence in series with the parasitic

> Vo=1xR impedence of the auxiliary electrode, with no interference
— with the impedence of the interfacial system under study.
The requirement for a floating generator gy, is naturally

(c) satisfied by the summing node that has to be introduced to
superimpose the ac signal over the dc polarization voltage, as

FIG. 2. Current measurement configurations with a current-to-voltage con- . . . .
9 9 shown in the detailed schematic in Fig. 4.

verter: a: ground referred converter; b: floating converter; c: current mea= . . > :

surement from the power supply return terminal. The circuit can be implemented using cheap TL081 op-
erational amplifiers for all functions. The results we report
have been obtained using high accuracy OPA627 devices;

plitude is added to the polarization potential and, measuringhe advantages given by this substitution are that no offset

with a lock-in amplifier the ac current flowing through the trimming is required up to an accuracy of 0.2 mV and a

cell, the differential capacity of the assembly is obtained. greater bandwith is available.

With the classical circuit of Fig. (B) some problem is

encountered in measuring the current through the cell. One

of the two usual arrangements, namely inserting a current-to- | p Wy ok

voltage convertefCVC) in series with the work electrode Vpo! » W 47p

[Fig. 2@)], is inconvenient in our case for two reasofis: y 20 k —

The mercury electrode is connected to a mercury reservoil s W

through tubing and the reservoir in turn is in contact with ref i

water as a piston liquid that through other tubings is pushed ac > 20k | 20k o —

and pulled by motor burettes to increase or reduce the size o - e -

the drop. The whole assembly cannot be easily screenes ZRs

from external electromagnetic interferences; hence, if current R=5k

is measured from the work electrode a lot of disturbances aux

will be picked up. It is mandatory to effectively ground the Vo=ixR —1 4 —

work electrode for the range of frequencies of interest in 100

order to short to ground these disturband@s.Insertion of

the CVC adds an impedence in series with the working elecg g, 4. petailed schematic of the GA potentiostat. All Ai devices are

trode. This impedence is negligibly low at dc and in theopPas27.
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PU— FIG. 6. Equivalence between GW and GA configurati¢see the Appen-
dix).
FIG. 5. The dummy cell used for te®R ;= 16.2); R;=50Q; R.=150Q); C
as reported in Table I. interfacial capacitor. The error introduced is quite small as
long as the interfacial capacitd@ is small (< 2 uF), but
IIl. MEASUREMENTS increases rapidly for larger values ©f

o . In conclusion, the GA configuration, though scarcely
The circuit performance has been tested with the d“mm¥<nown and used in electrochemical work, should be pre-

cell shown in Fig. 5, whose values reflect our typical OP€ferred over the GW one whenever capacity measurement is
ating conditions. A calibration resistor with known value ;.. Jived.

R.a=16.2Q has been employed instead of relying on the
accuracy and stability of the lock-in amplifier generator; theappenDIX
magnitude and phase at the current-to-voltage converter out-

put is measured with the calibration resistaf.) and with The equivalence of circuit 1a and 1c is immediately
the cell (V,). ThenR, and 1j»C are obtained as the real clear if they are redrawn as in Fig. 6, where the return path of
and imaginary part 0Z =Ry V¢/Viy,. the internal output generator of the operational amplifier is

explicitly reported. Circuit 1a is obtained connecting node A
to ground; circuit 1c is obtained connecting node C to
IV. RESULTS ground and reversing the and — signs both at the input

o - ) and output terminations of the operational amplifihich
The circuit has been tested for stability varyiRg and  5y5unts, obviously, only to a change in notation with no

C; it resulted to be fully stable fdR; as low as 8, with any  ottact on the circuit In the latter case the o generator is

value for C. The accuracy in capacity measurements hag,, yore referred to ground, but must stay floating between
been tested, determining the useful frequency range for fhe + output and the— input of the operational amplifier.

given maximum errof=0.5%. Results are reported in Table cjreit in Fig. 1(a) is usually known as the negative feedback
|. The third column in Table | shows the error that would bevoltage amplifier, while configuration in Fig.(d is best

introduced by the insertion of the CVC in series with the |, n as the “bootstrap circuit”

work instead of the auxiliary electrode, at frequenty The circuit in Fig. 1b) is not exactly equivalent to the
=1kHz. At that frequency the input impedance of the CVC ot 1o circuits in that the current flowing through the

shown in Fig. 4 is equivalent to a 50H inductor, that is ;o1 electrode must also flow through the,, generator,
added in the GW configuration, in series with the unknownwh”e in case 1a and 1¢,,, is only a voltage reference with
no current requirements. Circuit 1b can be obtained from 1a,

TABLE I. Useful frequency ranges for a 0.5% maximum error for several gs shown in Fig. 6, slipping tthoI generator to the shad-
capacity values. The third column shows the error that would be added bbwed position
the CVC in the GW configuration dt=1 kHz. ’

C Frequency range Error at 1 KHBW configuration 1T. Matsue, A. Aoki, E. Ando, and I. Uchida, Anal. Che6®, 409(1990.
2C. N. Yarnitzky, J. Electroanal. Chem91, 154 (2000.
1 uF 50 Hz-16 kHz 0.2% 3L. Busoni, M. Carla L. Lanzi, L. Dei, and M. Olivotto, Phys. Chem.
10 uF 25 Hz—4 kHz 2% Chem. Phys2, 5698(2000.
30 uF 20 Hz-2.5 kHz 6% 4J. Millman and H. Taub,Pulse, Digital and Switching Waveforms

(McGraw-Hill, New York, 198).
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