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THE COMPUTER SYSTEM FOR COULOSTATIC EXPERIMENTS.
THE ADSORPTION MEASUREMENTS UNIT

Annotation. Mathematical model and corresponding computer application for determination of
adsorption characteristics in coulostatic experiments on solid electrodes were developed. The
model simulates coulostatic relaxation of the electrodes' potential while adsorption is considered
as slow stage. Impact of the surface inhomogeneity on potential curves behavior is discussed.
Kinetic and adsorption parameters of the electrode reactions under investigation were deter-
mined with use of an automated measuring system.

Model's adequacy was checked by comparison of real experimental data with output of computer
simulation. Routines described above were developed as procedures of specialized unit within
computer system for coulostatic measurements. Use of uniform data during the whole cycle of
experiment series makes the simulation process more convenient for researcher and more effec-
tive with regard to time of calculation as well as reliability of results.
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1. Introduction. Kinetic effects caused by adsorption phenomena at the elec-
trode/electrolyte interface make it possible to control the rate of the electrochemical
processes as well as properties and structure of metal deposits. That is why studies on
kinetics of electrochemical reactions taking place under adsorption of electrochemically
inactive organic surfactants attract continuing interest despite the results already
achieved. One of the most important tasks in this research direction is determination of
quantitative relations between the inhibition coefficient and the surface coverage with
organic substance (0). Conventional technique is based on measurement of the double
layer capacitance within the framework of the two parallel capacitors model. The cou-
lostatic relaxation technique seems to be very promising for application in this area. It
is based on injection of electric charge of controlled value into electrode system follow-
ing with potential registration while charging circuit is open.

However, in the case of solid crystalline electrodes the interface reacts rather like
so called constant phase element (CPE) than like a capacitor. It was shown earlier ([1]),
that for adequate description of the relaxation process under coulostatic conditions one
should replace the time derivative in corresponding equation with the functional
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where n is a dimensionless parameter varying within interval from 0.5 to 1; I' — Euler’s
gamma-function.

2. The problem. Kinetic and adsorption parameters of the electrode reactions un-
der investigation were determined with use of an automated measuring system [2]. If
the impedance of the electrode corresponds to the Ershler — Randles model then the re-
lation between time and relaxation potential is described by
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where Ry is the faradaic resistance; Cjis the double layer capacitance. Solution of (2)
can be obtained easily:

E(t) = Evexp(-t/RrCy) 3)

E, is the initial potential of the relaxation.

The double layer capacitance can be used for determination of 6 being represented
as sum of capacitance for pure metal surface and that of covered with organic substance
one (two capacitors joined in parallel). Then:

0 = (C2-C")/(CL-Cab) 4)
where C2, C.’and C,! are the values of C;at coverages 0, 6 and 1, respectively. C, C’ can
be found from (3) directly; C4! can be obtained by extrapolation from capacitance/ bulk
concentration of organic substance diagram.

The fact that interface of solid electrodes with electrolytes does not behave like a
capacitor in the most of cases changes the measurement routine radically; formal sub-
stitution of the time derivative in (2) by the functional (1) leads to the problem of n pre-
determination to arise. The old technique still works in the case of n=1 only. At n<1 the
dissipation of the electric energy takes place even for very short injection pulses and
goes on at relaxation stage. As it has been shown earlier [3], for n<1 the potential de-
creases slower in comparison with corresponding exponent of (3) type. Obviously, re-
cording of relaxing potential must occur in wider time range and choice of its width set
another problem for experimenter.

These problems can be solved on the basis of computer control of the couloststic
experiment. That means that few relaxation curves in series should be registered only.
2-3 of them must be used for the time window determination, next 2-3 ones — for the
coverage to be calculated.

To estimate the impact of the inhomogeneity on relaxation of the potential let's
present corresponding equation in form

Ky (D"E/Dt") +E/Rr= 0 5)
where
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Ke = eKorg - (1'9)Kpure (6)
indices at Ko, Kyure reflect that value of K corresponds to covered with organic substance

or pure metal surface. Measurements at different 0 allow to calculate 0, as usual:

6 = (Kpure=Ko )/(Kpure=Korg ) (7
Laplace transformation of (5) represents potential transform in the form
— s"VE,
S)= n
s"+ 1/KR, ®)

In general case it was shown [1] that time dependence of the potential can be
expressed as linear combination of Mittag-Leffler's functions. Here we consider the
case of maximal inhomogeneity of the surface: n=0.5. For this value (8) can be re-

written as
E()
s"(s*°+ 1/KR,,)

)

In time domain (9) transforms into

E(t) = E, exp(a*t)erfc(at®) (10)
where a= 1/KRr . Right part of (10) is well-known tabulated function. To register the
same decrease of (10) as for (3) one must use time window two orders wider than that of
exponent.

In general case - 0.5<n<1 - calculation of 6 includes an algorithm for
reconsruction of electrochemical system's impedance in complex plane where Re(s)=0
with following application of available program packages to simulate alternative
electrical circuits of the object under investigation.

The reconstruction of the impedance includes such steps.

1. Definition of a set of functions with next properties:

a) approximation of relaxation curves under the given error level;

b) the set must include functions describing the potential relaxation for simple
models (for example, n=0.5; 1);

c) the set must make it possible to represent Laplace transforms as a linear
combination of analytical functions.

2. Numerical filtration of registered signal with some LF filter.

3. Normalization of records to Ey=1.

4. Approximation with linear combination of probing functions.

5. Reconstruction of the impedance as linear combination of corresponding
transforms.
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Such approach allows to avoid improper integrals to be calculated; including
additional probing functions to the set makes possible decrease of the approximation
error to given restriction.

3. Results. Model's adequacy was checked by comparison of real experimental
data with output of computer simulation. Routines described above were developed
as procedures of specialized unit within computer system for coulostatic measure-
ments. Use of uniform data during the whole cycle of experiment series makes the
simulation process more convenient for researcher and more effective with regard to

time of calculation as well as reliability of results.
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Komnslomephas cucmema 014 KynoHocmamu4eckux eKcnepumeHmos.
Modynb adopbuyuoHHbIx usmeperul

Po3pabomaHa mamemamuyeckas MoOesib U peanu30BaHo coomsemcmsytowjee KoMnbomep-
Hoe NpusioxeHue 0/ pacyemos a0copOUUOHbIX XapaKmepucmuK 8 KyJ0HOCMamuyeckux 3Kcnepu-
meHmax. Modesib onucsiBaem penaKcayuto 31eKmpooHo20 NOMeHYUaAna npu ycaosuu 3amedneHHol
cmaoduu adcopbyuu. Paccmampusaemcs BAUSHUE HEOOHOPOOHOCMU NOBEPXHOCMU Ha X00 NomeH-
YUanbHUX Kpusblx. ADekBamHocmb MoOesu Nposepanacs nymeM CPABHEHUS PeasibHbIX IKCnepume-
HMQAJIbHbIX OQHHbIX C Pe3y/ibmamamu KoMnblomepHo20 Mo0enupos8aHus. OnucaqHble sviuie npoye-
Oypbl bblU pa3pabomarsl Kaxk npoyedypsl Cneyuanu3upoBaHHo20 610Ka 8 KOMNbIOMepHoOU cucme-
Me 0715 Kysocmamuyeckux uamepeHull. Vicnonb3o8aHue eOuHbix OGHHbIX B MeyeHue B8ce20 YUKaa
cepuu 3KcnepumeHmos Oesiaem Npoyecc MoOeaUPOBaHus 6osee YOobHbIM 015 uccnedosamens U
6osiee 3¢hcheKmuBHbBIM C MOYKU 3peHUS BPEMeHU pacyema, a MaKxe Ha0eXHOCMU pe3yibmamos.

Komn’tomepHa cucmema 014 KynoHocmamu4Hux eKcnepumeHmis.
Modynb adopbuyiiiHux BuMiplO8aHb

Po3pobnieHo mamemamuyHy mMooesb ma peasi308aHO BION0BIOHULI Komn'tomepHul 0o0amok
0J15 pO3PaxyHKiB a0copOyiliHUX XapakmepucmukK 8 KyJOHOCMamuy4HuUx ekcnepumeHmax. Moodesb onu-
CY€ pesiaKcauyito eeKmpooHo20 NOMeHYIana 3a yMoBU CNoBiibHeHoi cmadii adcopbuyji. Posensdaemscs
BNJIUB HEOOHOPIOHOCMI NOBEPXHT HA XI0 NOMeHUIaNbHUX Kpusux. AdeksamHicms Modesi nepesipeHa
W/IAXOM NOPIBHAHHSA PeabHUX eKcnepuMeHmasibHUX OGHUX 3 pe3ysibmamamu Komn'tomepHo20 Mooe-
JosaHHs. OnucaHi suue npoyedypu 6yu po3pobreHi SK npoyedypu cneyianizoBaHo2o 610Ky 8 KOM-
n'tomepHili cucmemi 018 Kyonamu4HUX BUMIpOBAHb. BukopucmaHHs eOuHUX OaHUX NpomMsA20M BCbO-
20 YUKy cepili eKcnepumeHmis pobums Npoyec MooesoBaHHA Oiblu 3pyYHUM O OOCTIOHUKA 1
6i/1bLU echeKMUBHUM 3 MOYKU 30pY YACY PO3PAXYHKIB, @ MAKOX HAOIIHOCMIT pe3yIbmamis.
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