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Abstract : Cyclic voltammetry and chronocoulometry have been used for characterization of catechol violet (CV) at
the hanging mercury drop electrode in acetic acid-sodium acetate buffer solution. At pH 2.94 a nearly symmetric
cyclic voltammetric wave due to an irreversible weak adsorption of CV on mercury was obtained at concentration
of 0.53µmol dm-3. Under these conditions, CV adsorbes in a monolayer. Upon increasing the concentration, the sym-
metry of the wave decreases; it can be attributed to a mixed diffusion adsorption process. The amount of the adsorbed
catechol violet on the HMDE expressed as surface concentration as well as the surface areas occupied by one molecule
(σ) were calculated. It was found that the values obtained for Γ and σ utilizing cyclic voltammetric and chrono-
coulometry are almost identical. A 1:1 and 1:2 Th (IV)-CV complexes are formed on addition of thorium (IV)
to catechol violet. These complexes are adsorbed and reduced on the HMDE at more negative potentials than the
peak potential of free CV. Using the square-wave (SW) technique, the adsorptive cathodic stripping voltammetry,
ACSV, of these complexes was studied. It was found that the SW-ACSV of Th(IV)-CV can be applied to the
determination of thorium at the nanomole level. Optimum conditions and the analytical method of determination were
presented and discussed. 

Key words : Catechol violet, Adsorption, Thorium complex, Cyclic voltammetry, Chronocoulometry, Stripping voltammetric
determination.

1. Introduction

The electrochemical behaviour of catechol violet is important
due to its use as a metallochromic indicator,1-4) in spectro-
photometric trace measurements of metal ions,5) in flow
injection speectrophotometry for trace elements in environ-
mental6-8) and food9) analysis, in the stripping voltammetric
trace analysis of titanium10) as well as for application as a
charge-transfer mediator in the oxidation of nicotinamide
adenine dinucleotide (NADH).11) Thus, in continuation of our
laboratory previous work on sulfonephthaleins12-14) it seems of
interest to study the adsorption behaviour of the title compound.

A previous publication12) presented the electrochemical
reduction mechanism of catechol violet. It shows a single
diffusion-controlled two-electron cyclic voltammetric wave at
lower pH ((7) and the reduction pathway follows an ECEC,
first-order kinetics. At higher pH, two diffusion-controlled
monoelectronic cyclic voltammetric waves were seen and the
reduction proceeds via an EEC, first-order process.

One purpose of the present investigation is to establish a
complete characterization of the adsorption behaviour of cat-
echol violet at the hanging mercury drop electrode (HMDE) in
aqueous acetate buffer solutions at different pH’s. Various
electrochemical techniques were used: cyclic voltammetry and
double potential step chronoamperometry and chronocoulom-

etry, which are powerful for a quantitative characterization of
the adsorption process. The second purpose is to study the
adsorptive behaviour of the catechol violet-Th (IV) complex
at the HMDE. Square-wave voltammetry was used for this
study. The study is also extended to the analytical determina-
tion of Thorium(IV). 

2. Results and Discussion

Catechol violet(CV), 3,3',4-trihydroxy-o-cresol-sulpho-
nephthalein, has the structural formula as shown below and
is abbreviated as H4CV. It provides four species,5) H4CV(highly
acidic), H3CV-(pH=1-2), H2CV2-(pH=5-7),and HCV3-(pH.8)
according to the following equilibriums: 

H4CV  H3CV + H+, pK1 = 0.26

H3CV  H2CV + H+, pK2 = 7.51

H2CV2  HCV3 + H+, pK3 = 8.33 

The equilibrium concentration of these species has been
calculated15) in the entire pH (1.68-10.94) from the knowledge
of the analytical concentration, pK2 and pK3 values of CV
along with the pH of the experimental solution.

Cyclic voltammetric behaviour of CV was investigated in
aqueous buffer solutions at different pHs. It was suggested
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earlier12,16,17) that at lower pHs the reduction process of CV
involves two electrons and two protons and follow an ECEC
reduction mechanism giving a single two-electron diffusion-
controlled cyclic voltammetric wave. 

More intention will be given to explore the adsorption
behaviour of CV in detail to obtain better insight into its
electrochemical reduction. Herein, cyclic voltammetry and
chromoamperometry or chronocoulometry are the methods of
choice. 

Cyclic voltammetry
FigU 1 shows cyclic voltammograms of different concentra-

tions of CV at scan rate, ν = 200 mVs-1, at the hanging mer-
cury drop electrode, HMDE. Representative voltammetric
data are collected in Table 1. At slow scan rates (vú 200
mVs-1) the wave is irreversible, since its anodic counterpart
is lacking. The shape of the wave suggests that it corres-
ponds to a faradaic surface process. On increasing the scan
rates (vû 400 mVs-1), an anodic wave is observed on the
reversal scan. This anodic wave presumably indicates that no
desorption process of the electroactive species takes place
upon reduction. Straight lines (r = 0.998) obtained between
log ip and log ν18P within the concentration range of 0.53-
6.40µmol dm-3 with slopes 0.89· 0.05 indicate that the cyclic
voltammetric peak is due to a mixed diffusion adsorption
process.

Using diagnostic criteria suggested previously19,20) the vol-
tammogram shows a symmetric shape at low concentration
(0.53 to 6.40µmol dm-3), whereas at higher concentrations
(>6.40µmol dm-3) the symmetry is nearly lost. The symmetric
appearance at lower concentration is indicative of adsorption
(c.f. Fig. 1).

On plotting the current function (i
p/C*v1/2) vs. log v, at low

concentration of CV an increase in the scan rate causes an
increase in the current function. This behaviour would be
expected for a weak adsorption of the reactant.19) At a certain
scan rate (v = 200 mV/s), the current function deviates from
the constant value which would be expected for the uncom-
plicated diffusion wave caused by adsorption at higher con-
centrations. The largest deviations are observed at lower
concentrations (516, 497 and 182 nA/mmol dm-3 (V/s)1/2 at
[CV] = 0.53, 1.07 and 2.13µmol dm-3, respectively). This
can be interpreted on the basis that the adsorbed molecules

of CV constitute a constant flow of matters and charge,
whereas the amount of molecules diffusing to the electrode is
time dependent. At sufficiently fast scan rates, the amount of
diffusing molecules is small relative to that of the adsorbed
ones; whereas at low scan rates, the opposite is true. Thus,
an increase in the current function is observed with increasing
scan rate. 

The inset Figure (c.f. Fig. 1), relationship between peak
current and concentration of CV, shows that the peak current
increase linearly in the low concentrations range (ú 6.40µ
mol dm-3). Further increase in concentration causes a marked
non-linear influence on the peak current. This is ascribed to
a nearly total coverage of the electrode surface as the con-

Fig. 1. Cyclic voltammograms of different concentrations of CV: 1)
5.55ÝÝ10-7, 2) 2.13ÝÝ0-6, 3) 5.33ÝÝ10-6 4) 4.26ÝÝ10-5 mol dm-3(inset
peak current variation with concentration) in acetic acid-sodium
acetate buffer solution pH 2.94, at ν = 200 Vs-1. 

Table 1. Cyclic voltammetic data for 1.07µmol dm-3 CV in an acetic acid-acetate buffer solution at pH 2.94.

Forward Bacward

 í (mV/s) -Ep (mV) ip (nA)
ip/Cv1/2

nA/m mol dm-3 (V/s)1/2 -Ep (mV) ip (nA)
ip/Cv1/2

nA/m mol dm-3 (V/s)1/2

 50 550 108 451 - -  -

100 559 168 497 - - -

200 570 247  516 - - -

400 573 378 589 535 130 192

600 573 551 665 538 165 199

800 573 661 691 540 197 206

1000 573  869 812 543 319 298
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centration is increased. The total current due to the reduction
of the adsorbed molecules becomes constant, whereas the
total current caused by the diffusing molecules continues to
increase with increasing concentration. This results in a
decrease of the fraction of the peak current due to adsorption
with increasing concentration.

Examination of a plot of the current function vs. log C*

reveals that, the current function is low value at high concen-
trations. As the concentration is decreased, the current func-
tion increases and finally reaches a limiting value at low
concentrations where its behaviour becomes independent of
concentration. The increase in the current function is attributed
to a decrease of the current due to diffusion species upon
decreasing concentration, whereas the limiting value is due
to the constant amount of adsorbate. This behaviour supports
the above conclusion that the electrochemical response is due
to a weak adsorption of CV.

The observed half width, W1/2, for CV adsorption wave is
122.3· 11.3 mV. This value suggests the transfer of one
electron for the irreversible redox couple of CV. The differ-
ence to the expected theoretical value (90.6/n mV21,22P) is due
to an irreversible adsorption of CV.

The shift of the adsorption wave at low concentrations to
more negative potentials as the pH of the solution is increased,
indicates the particepation of protons in the electrochemical
reduction process of the adsorbed species at the mercury
electrode. The linear dependence of the peak potential on the
pH value can be represented by eqn(1):

Ep = -0.336 - 0.075 pH         r = 0.996 (1)

The number of participating protons (ρ) in the adsorption
process can be evaluated from the gradient of eqn.(1) by
using equation (2)23) 

ρ = (∆Ep/ ∆pH). (αna/ 0.059) (2)

where na is the number of electrons involved in the adsorp-
tion process. It is evident from the slope value of eqn. (1)
that one proton is consumed. Moreover, the slope of the
adsorption wave is steeper than that expected for diffusion
control. This reveals that the shift of the peak potential is not
only due to the proton dependence of the redox reaction
involving the adsorbed species, but also reflects a change in
adsorption strength of the reduced form relative to that of the
oxidized form with varying pH. The steeper slope for the
adsorption strength of the reduced form decrease with
increasing pH value.

The area of the cathodic wave for the voltammogram was
calculated. It was found that the area of the adsorption wave
depends on the substrate concentration, reaching a limiting
value at higher concentrations. The amount of adsorbed cate-
chol violet was determined from that area of the cathodic wave
and expressed as the surface concentration (Γ, mol cm-2)
which is estimated using eqn(3).22)

Aad = nfA Γ (3)

where Aad is the area of the adsorption peak, A is the elec-
trode surface area and Γ is the surface concentration.

Fig. 2 shows the surface concentration (Γ) as a function of
the negative logarithm of the substrate concentration shows
an increase in the surface concentration upon increasing bulk
concentration and then levels off at higher values; obviously,
coverage and orientation are essentially monolayer and
unchanged as the solute concentration is increased by two
orders of magnitude.24) This resistance to reorientation is
probably due to interaction of the aromatic rings of CV with
the electrode surface in a flat orientation which would permit
only limited interaction. It can be seen from Fig. 2 that the
surface coverage reaches saturation at 6.40Ý 10-6 mol dm-3

CV. Increasing the concentration of CV above 6.40Ý 10-6

mol dm-3 affects the shape of the waves; as the concentration
of CV increases, the wave becomes sharper. Such changes
are indicative of organization processes. It is evident that the
relationships are reminiscent of a Langmuir isotherm, eqn.
321,22P is; 

Γi/(Γis Γi) = bi ci (4)

where Γi is the surface concentration of the adsorbed spe-
cies i, Γis is the surface excess at the maximum coverage, bi

is the adsorption coefficient, and ci is the bulk concentration.
It can be linearized in the following form: 

ci/Γi = 1/Γis bi + ci/Γis (5)

The linear least - square fit obtained for plotting. ci/Γi

against (ci) can be represented by;

Fig. 2. A plot of surface concentration (Γi) against the negative
logarithm of bulk concentration (Ci) at the same conditions cited in
Fig. 1.
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ci /Γi = (1.47·0.03)Ý104 + (4.57·0.02)Ý109ci.
(r = 0.995)  (6)

The calculated value of Γis of the adsorbed product is
found to be (2.19Ý10-10) mol cm-2, which is slightly lower
than the above limiting value. The adsorption coefficient of
the adsorbate (bi) is estimated to be 

(3.11·0.02)Ý105 mol-1. The excess of surface coverage
calculated under saturation conditions equals (2.19Ý10-10

mol cm-2) which corresponds to 75.83 Å2 per molecule of
CV. This means that a monolayer is formed on the surface.

Chronocoulometry 
Double-potential step chronocoulometry provides a useful

method for the quantitative characterization of an adsorption
process independent of both the relative reduction potentials
of the diffused and adsorbed species and the kinetics of their
electrode reactionsU22P In a particular double step chronocou-
lometric experiment, the potential is held at an initial value Ei

where no electrolysis occurs and is rapidly stepped to a value
Ef at which the desired electrode reaction takes at t = 0. At t
= τ , the potential is returned to Ei . The chronocoulometric
data were analysed according to Ansons equations25) (eqns.
(7) and (8)):

(7)

(8)

where Q(t() is the amount of charge that has passed at
time t since the application of the potential step, Co and Do

are the concentration and diffusion coefficient of the reac-
tants, respectively, A is the electrode surface, n and F have
their usual significance, Qr(t) = Q(τ) Q(t*), Qdl is the charge
consumed by the electrodeelectrolyte doublelayer capacitance,
Γis the excess surface of the adsorbate, and θ = (τ1/2 +(t-τ)1/2

t1/2).
In solutions of low pH values (2.94), the electrode potential

was stepped from an initial value Ei = -0.45 V, where CV is
electrochemically inactive, to a final value Ef = -0.60 V where
the electrode reaction proceeds. The potential was held at Ef

for a time τ at which it was stepped back to Ei and maintained
there for the same time interval. The charge that passes
through the electrode during each of the time intervals was
measured.

Plots of Qf (t(τ)vs. t1/2 according to eqn.(7) and Qr (t*τ)
vs. θ according to Eqn.(8) affords good straight lines for the
entire time range (correlation coefficients: 0.999 and 0.997;
cf. Fig. 3 as representative example). They have different
slopes and intersect each other above the t-axis. This demon-
strates the adsorption of the subject compound on the elec-
trode surface. According to eqn.(7), the diffusion coefficient
of CV calculated from the slope is 4.5Ý10-6 cm2/sec. On the
other hand, the intercept is larger than that obtained for the

quantity of electricity needed to charge the electrode electro-
lyte double layer of the supporting electrolyte (Qdl = 2.6nC).
This indicates the presence of adsorption in addition to the
diffusion process. Furthermore, the amount of the adsorbate
is determined from the difference in intercepts for the for-
ward and reverse Anson plots (eqns. (7) and (8)). The charge
obtained for a concentration of 6.40µ mol dm-3 CV is found
to be 3.75 nC/cm2 which is equivalent to a surface excess of
2.35Ý10-10 mol/cm2. On increasing concentration of CV to
42.65µmol dm-3, the computed surface excess of Γ increase
to 2.6Ý10-10 mol/cm2.

Finally, the surface area of the electrode occupied by one
molecule, σ, can be estimated from σ = 1/NLΓ, where NL is
Loschmidt’s number and Γ is the surface concentration in
mol/Å2. Examination of Fig. 2 shows that the limiting coverage
value is attained at a bulk concentration of 6.40µmol dm-3

catechol violet. Thus, the surface area occupied by the
adsorbed substrate molecules can be calculated from the
value of surface concentration at 6.40µmol dm-3 to be
70.09 Å2. It is evident that the values of both Γ and σ from
cyclic voltammetry and chronocoulometric techniques are
almost identical. 

Thorium(IV) Catechol Violet 
Free catechol violet (CV) as well as Th(IV)-CV complexes

were found to adsorb onto a hanging mercury drop electrode
(HMDE). Fig. 4 shows some square wave(SW) voltammo-
grams of 2.07Ý10-6 mol dm-3 CV spikes with concentrations
of Th(IV) varying from 0 to 3.0 molar ratio, Th(IV)-CV, in a
0.1 mol dm-3 acetate/0.1 mol dm-3 sodium perchlorate aqueous
solution at pH 4.04. This figure exihibts three irreversible
reduction waves in the entire potential range, -0.35 to -0.95 V,
with peak potentials of -0.630, -0.672 and -0.750 V. The first
peak attributed to the reduction of the uncomplexed CV,
since it is located at the peak potential of the free CV. The
other two waves are due to the reduction of the Th(IV) -CV
complexes, since the reduction wave of CV is shifted to
more negative potentials on complexation with Th(IV). A
very significant enhancement of the voltammetric response
was achieved after adsorption of electroactive species onto a
HMDE. Addition of Th(IV) to the CV solution resulted in a
decrease in the peak current for CV reduction wave and

Q t τ<( )
2nFADo

1 2⁄ Co

π1 2⁄----------------------------------t1 2⁄
= Qdl nFAΓ+ +

Qr t( )
2nFADo

1 2⁄ Co

π1 2⁄----------------------------------θ= Qdl+

Fig. 3. Anson plots of Qf vs. t1/2 and Qf vs. θ for 2.07µmol dm-3 CV
at the same conditions cited in Fig. 1. 
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development (with increasing the peak current) of a second
wave at more negative potentials for Th(IV)-CV complex.
On increasing the concentration of Th(IV), the first wave is
further decrease and the second one is grows while the third
wave tends to develop at molar ratio ~0.3 and it grows with
further increase in the molar ratio of Th(IV). The plotting of
the peak current versus molar ratio, [M] : [L], was used for
determination of the composition of the metal complexes.26-28)

The results are shown in Fig. 5. This figure shows that the
peak current for free CV, the first wave, decreases on
increasing the mole ratio of Th(IV), reaching a more or less
constant value at the 0.5 mole ratio. This is indicative of for-
mation of a complex with a composition of 1 : 2 Th(IV) : CV,
under such conditions. This ratio has also reported by
Jarosz.29) For the second wave, the peak current increases on
increasing the mole ratio [Th(IV)]/[CV] and levels off at a
molar ratio of 1.0. The curve has two breaks at molar ratios
of 0.5 and 1.0 which are due to the change of the composi-
tion of the reducible species. This indicates the formation of
two complex species of 1 : 2 and 1:1 composition (Th(IV) :
CV). Furthermore, the stoichiometric ratios of 1 : 2 and 1 : 1
(Th(IV) : CV) are also evident at the third wave (c.f. Fig. 5).
This emphasizes the composition suggested from the data at
the first and the second waves.

Catechol violet is a member of a class of sulfonephthalein
(triphenylmethane series) compounds. It has four hydroxy
chelating groups, two on each catechol ring. Thus the donor
atoms in the CV molecule are four hydroxy oxygenes. At the
given pH, 4.04, CV exists in the H3CV- form, which with
subsequent elimination of a proton, reacts with Th(IV) to
form Th(IV)-CV complexes of the composition of 1 : 1 and
1 :2. This behaviour is indicative from a quite different of the
cyclic and square-wave voltammetry corresponding to the

complexes from those of the free CV. Complexes with a single
metal ion coordinated to one and two CV groups have been
reported.30) 

With increasing solution pH, the peak potential for reduction
of adsorbed Th-CV complex shifts to more negative values.
Measurement of the peak potential for CV and Th CV shows
that the peak separation increases with pH. Maximum
adsorption of the Th-CV complex attains at pH 4.04. More-
over, the dependence of the peak current of adsorbed Th(IV)-
CV on the accumulation potential, preconcentration time and
the concentration of acetate was tested in order to optimize
the condition for determination of thorium. The effect of
accumulation potential on the height of the peak current of
Th(IV)-CV was investigated and it is revealed that the opti-
mum accumulation potential is 0.35 V. The adsorption peak
for Th(IV)-CV is expected to be dependent upon the adsorp-
tion time. It grows with time to a limiting value and then
levels off. Obtained data shows that the optimum preconcen-
tration time is 30 s. The Th(IV)-CV peak current decreases
with increasing the concentration of acetate. This is probably
due to the competitive complexation of Th(IV). The recom-
mended buffer concentration of 20 mM acetate represents a
compromise between a need for sufficient buffer capacity and
good sensitivity.

Other optimised conditions for the analytical purposes of
Th(IV) were examined. It is found that the peak current
increases with an increase in the CV concetration up to 2.07
ìM, above which it starts to decline. Therefore, 2.07µM of
CV was selected. Moreover, the effect of Th(IV) concentra-
tion on the peak current was also studied. It is evident that,
for a 50 ng ml-1 thorium solution, the longer the preconcen-

Fig. 4. Square-wave voltammograms of 2.07µmol dm-3 CV
containing different concentrations of Th(IV) in 20 mmol dm-3 acetic
acid-acetate/0.1 M NaClO4 buffer solution, pH 4.04. Preconcentration
time 30 s, frequency 100 Hz. 

Fig. 5. Variation of peak current with mole ratio of Th(IV) for Th-
CV system at the conditions cited in Fig. 4 for the three waves. 
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tration time , the more metal complex is adsorbed on the
electrode surface and the larger is the peak current. As a
result, excellent peak-to-background characterisatics are
obtaind, which permit convenient measurements of nanomo-
lar concentrations. The effects of the pulse amplitude and the
frequency on the peak height and half-width were also studied.
For the optimum sensitvity and a better defined peak, a pulse
amplitude of 25 mV and a frequency of 100 Hz were chosen.

Analytical determination of Th(IV) 
Examination of the above data, indicates that the optimum

conditions for the analytical determination of Th(IV) by SW-
ACSV at HMDE are as follows: accumulation time 30 s,
accumulation potential -0.35 V, pH 4.04, SW height 25 mV,
frequency 100 Hz and the presence of 2.07Ý10-6 mol dm-3

catechol violet. The peak height response, under these condi-
tions, as a function of Th(IV) concentration is linear over the
range 50-600 nM dm-3 Th(IV) at the three peak potentials,
Ep, of 0.630, -0.672 and 0.750. The calibration curve is no
longer linear, for concentrations beyond the above range.
However, higher Th(IV) concentration should be diluted to
bring them within the recommended concentration range, or
alternatively, shorter deposition time may be used. Using
standards prepared from the standard Th(IV) solution, the
method gave a linear calibration curve over the range 50-600
nM Th(IV). The slopes of the calibration lines (sensitivity)
were 1.06, 1.14 and 1.26 nA/nM/30s with correlation coeffi-
cients of 0.996, 0.999 and 0.998, respectively. From the for-
mula DL = rd S/b, the detection limit(DL) was estimated by
use of signal-to-noise ratio, rd, pooled standard deviation, S,
and the slopes of calibration, b. The standard deviation of the
signal for eight replicate analysis was·0.36 nA, giving a
detection limit of 1.02, 0.95 and 0.86 nM, for the first, sec-
ond and third waves, respectively, based on rd = 3.0. 

A number of metal ions and anions were tested for inter-
ference in the determination of Th(IV), under the experimental
conditions described earlier. The interference was performed
using 1.0 nM of catechol violet with 0.1 nM Th(IV), with
addition of various metal ions. Some of these metal ions
were found to form CV complexes that could be adsorbed
and reduced on the HMDE. CV complexes of Cu(II), Pb(II)
and Ce(IV) were more readily reduced than CV itself , while
CV complexes of Cr(VI), Ni(II) and Al(III) were reduced at
potentials more negative than that for CV. Thus these metal
ions do not interfere with Th(IV) CV complex. Furthermore,
the addition of U(VI) and V(V) gave peaks overlapping those
ones with one for Th(IV) CV complex. Thus U(VI) and V(V)
interfere and the peak current for Th(IV) CV complex
decreases due to adsorption competition. Moreover, an elec-
trochemically inactive ions such as Na+, K+, as well as most
commonly occurring anions do not also interfere with the
determination of thorium.

Experimental

Reagents and Solutions
Catechol violet, rare earth nitrates of U and Th, interfering

metal nitrates and anion salts of analytical grade purity were
used. Stock solutions of fresh 1.0 mmol dm-3 in triply dis-
tilled water were prepared for the metal ions, anions and CV
and were diluted as required for standard solutions. The rare
earth solutions were standardized chelatometrically. Acetic
acid-sodium acetate buffer solutions were prepared from ana-
lytical grade chemicals.

Instrumentation
Electrochemical experiments were carried out on an EG

&G PAR Potentiastat/Galvanostat model 363A. An EG&G
three electrodes electrolysis cell system model SMDE 303A
was used. A hanging mercury drop electrode (HMDE) in the
medium hanging drop mode was used as the working elec-
trode. The electrode area was 1.51Ý10-2 cm2. Platinum wire
and silver/silver chloride/aqueous saturated potassium chloride
electrodes were used as counter and reference electrodes,
respectively. The electrochemical system was interfaced with
an IBM Value Point 433 DX/DP Computer. The data were
acquired, stored, and manipulated employing EG&G M270/
500 software which controls the potentiostat via IEEE 488
GPIB. Positive feedback was used for compensation of the
solution resistance. All solutions were freshly prepared and kept
under nitrogen atmosphere. Solutions were purged with pure
nitrogen before the measurements, and pure nitrogen was
maintained above the working solution. The cyclic voltam-
mograms and chronoamperograms were recorded in equally
spaced time intervals both for the pure supporting electrolyte
solution and in the presence of the substrate. The background
data were subtracted digitally implying the assumption of a
simple additivity of faradic and non-faradic currents, mini-
mizing effects such as double layer charging currents.

For square-wave experiments, Th(IV)-CV complex charac-
terization, calibration and determination of Th(IV) measure-
ments, the electrochemical analyzer was operated at a square-
wave frequency, ƒ, of 100 Hz. The maximum sensitivity in
SWV should be obtained for a maximum value of τ corres-
ponding to a frequency of 100 Hz and square- wave amplitude
of 25 mV. 

Procedure
All measurements were obtained at 298· 0.1 K. To produce

adsorptive cyclic voltammograms and chronoampergrams a
10 cm3 analyte solution in the reagent 20 mM acetic acid-
sodium acetate solution was used. Solutions were deairated by
purging with pure nitrogen. After formation of a new HMDE
drop at a deposition potential of 0.35 V, the solution was
stirred for 30 sec (accumulation time) and equilibrated for 5
sec. A negative potential scan was recorded using the cyclic
voltammetric and chronoaperometric modes 
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