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An analytical application of chronoamperometry for determination of clectroactive species not requiring
standardization is described in this paper. It is bascd upon the separation of current component limited by
the lincar diffusion from that limited by cylindrical contribution to the total flux of determined substance
to the cylindrical (wire) Pt-semimicroclectrode (radius 0.02 mm and length 1S mm). The absolute method
of determination was verified with o-dianizidine, ferrocyanide, ascorbic acid and dopamine. The opti-
mization of radius of the cylindrical clectrode to minimize the determination error is also presented.

Ampcrometry has been traditionally used as a relative method of determination since
the proportionality cocefficient between current density and the flux of determined
substance contains an unknown valuc of diffusion cocfficient of the substance in the
medium of sample.

o} N . N
L2 we proposed a chronoamperometric method of electroactive

In our previous papers
species determination avoiding the necessity of standardization. Electrochemical
reduction on the mercury drop clectrode hanging from the thin-wall capillary provided
current—time dependence which could be evaluated in such a way that the current
component causcd by lincar diffusion is separated from that caused by spherical contri-
bution to the total current. Concentration of analyzed clectroactive species was calcu-
lated from these components. Results of the analysis were accurate in the concentration
range 107" 1o 107 mol 17! and independent on temperature of analyzed solution.

In this paper we present the results in application of cylindrical semimicroclectrode
made of Pt wire for analogous absolute determinations based upon clectrode reactions
(oxidations) requiring polarization of the clectrode to more positive region than is the
potential of Hg anodic dissolution.

* “Ihe author to whom correspondence should be addressed.
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An approximate cxpression for chronoamperometric curves at stationary micro-
cylinder electrodes was described by Aoki and co-workers® in the following form:

;=2 ‘;DA —,\/i—ﬁ +0.422 - 0.06751og 0 + 0.0058 { log0 — 1.47}2) , (1)

where 0 = Di/r?, ¢ the bulk concentration, D the diffusion coefficient and the upper sign
holds for log 0 = 1.47 and the lower sign for log 0 < 1.47. This equation was in good
agreement with the theoretically predicted curves measured at times ranging from 40
ms to 8 s (ref.?).

EXPERIMENTAL

Ascorbic acid and dopaminium chloratum were of chemical purity and other chemicals were of analytical
grade purity. All of them were used without further purification. The stock solutions of o-dianizidine (5 . 1073
mol IV in I M H,80),). ferrocyanide (5 . 107% mol 17" in 0.1 M KC1), ascorbic acid (0.1185 mol 17! in
acetate buffer, pH 4.7) and dopamine (0.2611 mol 17! in phosphate buffer, pll 6.8) were analyzed coulo-
metrically using the platinum Winkler's clectrode (at the concentration level aproximately 5 . 1073 mol I71).
Each analysis was repeated five times, the standard deviation was less than 1%. Coulometric results were
regarded as the basis to judge the accuracy of results of absolute chronoamperometric analysis.

Working clectrode was made of Pt-wire (radius 20 yum). The copper lead connecting the semi-
microelectrodes with the clectric circuit was bond with the Pt-wire by soldering. The adjusted located into
a soft glass tube was fixed by the heating. The active arca of clectrode was calculated from known diame-
ter and length of wire (15 mm). The arca of cylindrical Pt-clectrode was 1.89 . 1072 em2. The surface of
clectrode has been activated by fast cyclic voltammetry (scan rate 100V sl in medium of 1 M H-SO, and
1 M HINO; (1 : 1, v/v) during 10 min. Standby potential was +1.0 V vs SCE and standby time 1 s. Pola-
rization range from +1.0 to =0.1 V vs SCE. This procedure was repeated every day before the measure-
ments were started. It was necessary for determination of dopamine and ascorbic acid. ‘The clectrode was
rinsed with saturated solution of K,Cr,05 in concentrated 1,80, and then with distilled watter after cach
measurement.

Chronoamperometric curves were measured using the multipurpose polarograph GWP 673 (Academy of
Sciences. G.D.R.) This instrument “on line™ with the microcomputer Compucorp 610 (Compucorp, U.S.A.)
made it possible the registration of the chronoamperogram to the computer memory through the AD
converter (Burr—Brown, U.S.A.) synchronized with the loading of working potential to the working clectro-
de. ‘Two-clectrode arrangement was used with Pt-wire working semimicroelectrode and saturated calomel
reference electrode (SCE).

RESULTS AND DISCUSSION

Evaluations of Chronoamperograms

Using of chronoamperograms for the determination of concentration of clectroactive
species is based on the cquation of limiting current—time function for cylindrical
clectrode (Eq. (1)).
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As noted in scveral papers* = 8 the microwire current reaches virtual steady state
when (Dt/r*)'”? > 10. The current is then decreasing very slowly (logarithmically) with
time.

In this paper we are using simplificd Eq. (7) without logarithmical therms:

@)

. 1 0.422
l-zchA(nDl+ ; )

The diffcrence in current calculated from Aoki cquation and the simplificd form docs
not exceed 3% in the interval 0.1 < Dt/r? < 2.5. For typical valuc of D = 1. 107 m? s~!
and r = 20 um this corresponds to the time interval 0.04 <1 < 1's.

Registered chronoamperograms were transformed to the dependence of the chro-
noamperometric constant (I Vi/A) vs Ve. It follows from Eq. (2) that the transformed
dependence should be lincar:

e yysvr (€)]
A
with the slope S and the intercept U
0.422zFDc zF D¢
SeT o Vs T

U and (S V1) being the components of chronoamperometric constant caused by lincar
and cylindrical contribution to the diffusion current, respectively. Values U and S
determined from a single chronoamperometric experiment were used for calculating the
concentration of the clectroactive substance according to cquation

U? % 0.422

T rsr “

The chronoamperometric experiment and its evaluating arc carricd out with the follo-
wing sequence of operations:

1. acquisition of /-t curve of the analyzed component; by the rule 1 000 points;

2. acquisition of /-t curve of the background (at the same working potential of the
indication clectrodce);

3. correction of chronoamperogram of the analyzed component by subtracting the /-t
background curve;

4. transformation of the corrected /-t curve to the form IVi/A vs Vi;
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5. lincar regression — calculation of U and § (inclusive standard deviations);

6. calculation of concentration (inclusive standard deviation).

Points 4. to 6. are offered by the program PROG2. The dependence (I'Vi/A) vs Vi is
loaded to the peripheral memory and it is registered on the XY recorder through DA
converter. The transformed dependence is verified with regard to its lincarity, the nonli-
near (bent) dependences being set aside the next evaluation (approximately 15% of all
measurcments). The results of parallel determination are evaluated statistically with the
climination of outlicrs (approximately 5% of all measurcments).

Verification of Evaluation Procedure

A prercquisit of successful analysis is absence of any transport of clectroactive species
other than diffusion in the time interval 0.04 to 1 s, proposed for the analysis. To prove
that the convective transport contribution is negligable a chronoamperogram of o-diani-
zidine (5 . 107* mol I") in H,SO, (1 mol I"!) was compared with the simulated curve
calculated according to Eq. (1) forz =2 and D = 4.5 . 107% cm? s™". In the time interval
0.04 to 1 s the current difference was less than 1%.

The simulated curves were also used to test that simplified Eq. (2) is suitable for
absolute determination of concentration. Simulated curves were calculated according to
Eq. (1) for z = 2, concentration 5 . 107* mol I"! o-dianizidine and D values ranging (rom
3.107% 10 6. 10°® em? 57!, For different D the error in determined concentration did
not exceed 5% of correct value 5. 107 mol 177,

Determinatiom of o-Dianizidine, Ferrocyanide, Ascorbic Acid and Dopamine

Applied clectrochemical reactions was two clectron oxidation of o-dianizidine, dopa-

- . . bl . . ~ .
= " and ascorbic acid!? and one clectron oxidation of ferrocyanide. In every

mine
analysis with given experimental arrangement it was necessary to determine optimum
duration of chronoampcerometric experiment to avoid convection influence caused by
the density change in the diffusion layer as well as by the apparatus instability. This
influcnce demonstrates itself by bending otherwise straight line (/ Vi /A) vs Vi depend-
cnce towards higher 1 Vi/A values. All analyzed species were determined in medii indi-
cated for their stock solutions (sce Experimental). No electrochemical pretreatment of
clectrode surface was necessary for o-dianizidine and ferrocyanide.

Precision and accuracy of their absolute chronoamperometric analysis was tested
within the concentration range 107 to 107 mol I"! (this is the typical concentration
range for polarographic analysis). The results arc summarized in Tables I and 1. The
arithmetic mean does not differ statistically significantly from the value of ¢(given) at
any of given concentrations of analyzed species. For the whole investigated range of
concentrations in lincar dependences c(found) = a + be(given) the intercepts @ do not
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differ significantly from zero and the slopes b from unity (testing with the help of ¢-test
and Lord’s characteristics)'® .

From the principle of absolute chronoamperometric analysis it follows that the
results of the analysis should not depend on the temperature of the analyte. This
influence was investigated within the range S °C to 37 °C. The results of o-dianizidine
sample are summarized in Table III. Testing the identity of arithmetic means it has
been found that no pair of ¢(found) for different temperatures is mutually significantly
different. None of ¢(found) values is an outlier with respect to their arithmetic mean
(10.09 . 10% mol l“l). Neither the arithmetic mean nor any of the c(found) values arc
significantly diffcrent from the c(given). From this it can be concluded that the tempe-
rature change does not influence significantly the result of chronoamperometric analy-
sis. During the analysis, however, the temperature must be kept constant and cqual in
the whole analyte. It is not difficult to keep this condition due to short duration of the
mcasurcment (ca I s).

TasLe 11
Influence of analyte temperature and ;S04 and saccharose concentration on the precision and accuracy of
o-dianizidine determination by absolute chronoamperometric analysis ¢(given) = 1.00 . 107 mol dm™?
o-dianizidine: current sampling interval 0.04 — 1 s after starting the clectrolysis at the potential +0.6 V vs
SCE (potential prior to the clectrolysis is -0.2 'V vs SCE): working electrode Pt cylindrical semi-
microelectrode, r = 20 jum and /= 15 mm

95% Confidence limit

Temperature «(11,80),) c(sacharose)  c(found) . 10" Number of
K mol 17! %o mol 17! analyscsh Ac (c+Ac)/c
pmol 17! %

278 1.00 0 10.11 S 32 101.1 £ 3.2
288 1.00 0 10.10 5 33 101.0 = 3.3
2935 1.00 0 9.91 5 33 99.1 +3.3
208.2 1.00 0 10.06 S 31 100.6 = 3.1
310 1.00 0 10.28 5 36 102.8 3.6
208 0.10 0 10.13 5 35 101.3 £3.5
298 (.50 0 9.95 S 33 99.5 3.3
298 1.00 0 10.07 5 32 100.7 = 3.2
208 1.00 2 10.02 S 33 100.2 £33
298 1.00 S 10.11 S 40 101.1 £ 4.0
208 1.00 7 10.13 S 37 101.3 = 3.7
298 1.00 10 10.15 S 41 101.5 = 4.1

“ The second decimal place is insignificant with regard to the value of limits of confidence; ® without
analyses set aside because of nonlincarity of the IVi/A vs VI dependence and without outlicrs.
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Influcnce of clectroinactive substances present in the analyte in high concentrations
was also verificd. By these substances both density and viscosity of the analyte can be
changed substantially. The clectroinactive clectrolyte is to sccure high electric
conductivity and thus to suppress the migration component of the current of clectroacti-
ve substance. Thus only solutions with the concentration of the clectroinactive clectro-
lyte higher than hundredfold of the concentration of determined substance were
analyzed. From the clectroinactive nonelectrolytes we investigated the saccharose
influence on o-dianizidine determination. The results of the analyses are summarized in
Table I11.

The determined values of o-dianizidine concentration obviously do not depend cither
on the H,SO, concentration (if this is higher than the hundredfold of o-dianizidine
concentration), or on the concentration of the saccharose. This is atiested by the fact,
that nonc of the ¢(found) values in Table I significantly differs from the arithmetic
mcan at the level of 95% probability. Neither c(found) nor their mean value 10.08 .
1074 mol 1"} significantly differ from the value of ¢(given).

The described and discussed results demonstrate that the chronoamperometric analy-
sis with Pt cylindrical semimicroelectrode can be regarded as an absolute method of
clectroactive component determination, within the concentration range 107 to 107 mol 171,
Proposed absolute method cnables also to determine values of diffusion coclficient, if
the concentration of clectroactive species is in milimolar region. The accuracy and
precision is comparable with that given for concentration.

The Optimization of Working Electrode Radius

Calculation of concentration is based upon the slope and intercept of IVi/A vs Vi
dependence obtained from a single chronoamperogram. The crror of determination of
the intercept, which is the lincar component of chronoamperometric constant, will
increase with decreasing radius of clectrode since proportion of lincar diffusion decrea-
ses. Analogically an increase of relative error of the slope with increasing radius is to
be expected, since the proportion of the spherical component of the total flux will
decrease. The crror of concentration determination will thus increase both for very
small and very large radii.

Relative error of determination aproximated as relative standard deviation was calcu-
lated for different clectrode radii (routine PROG2) using simulated chronoampero-
grams charged by white noise with constant as well as proportional component. In our
experimental conditions the amplitude of constant noise component was about 10 A
m~2. Amplitude of proportional noise component was estimated to 5% of limiting diffu-
sion current. The values of relative standard deviations of found concentration for diffe-
rent radii are shown in Table IV together with the values of relative standard deviation
of the slope and intercept.
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The dependence of relative standard deviation of determined concentration on the
radius of cylindrical clectrode (Fig. 1) exhibits a minimum at 46 = 2 pm radius for a
common value of diffusion coefficient 1. 107 m? s~ and time interval 0.04 to 1s. For
higher amplitudes of constant and proportional white noisc the relative standard devia-
tion of concentration increases, but the optimum radius retains its value. We have found
out that this valuc is not very sensitive to the estimate of noisc components.

It can be scen from the shape of dependence 7 on Fig. 1 that the cylindrical clectrode
uscd in this work enables the absolute determination with the relative error not signi-
ficantly higher than the minimum value.

TaBLE IV
Relative standard deviation of the slope (s,/9). intercept (s,/U/) and found concentration (s./c) for cylindri-
cal electrode of different radii”

romm
Parameter

0.001 0.005 0.01 0.02 0.03 0.05 0.1 0.5 1.0 5.0

s JU . 10° 14280 2916 1450 0713 0493 0299  0.167 0.088  0.087  0.086
sJS . 10? 0344 0466 0503 0586  0.625  0.655 0.873 L718 2139 4.167
s lc . 10° 48.05 19.12 11.23 5.50 2.21 1.83 3.32 1428 2211 41.15

a (- . o e - -9 2 - .

" Curves simulated for: number of exchanged clectrons 2: diffusion coefficient 107" m” s I concentration
-3 . . . .

I mol m™"; electrode length 0.015 m: sampling interval .04 — 1 s (1 000 samples). White noise: constant

. -2 . . o
component amplitude 10 A m™: proportional component amplitude 5% of diffusion current.

] b
80
100 s, ic ]
]
Fia. 1 40 .
Dependence  of relative  standard  deviation  of ]
concentration  determined by absolute  chro- :
noamperometry on the radius of cylindrical electrode: ]
1 simulation of chronoamperograms described in : 7
Table IV: 2 doubled amplitudes of white noise 0 LER M AL AL, S e e i AL B
components 107 10* 10" rmm !
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