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FORECASTING OF TETRAALKYLAMMONIUM CATIONS' INFLUENCE ON
HYDROXONIUM CATION AND OXYGEN MOLECULES' DISCHARGE KINETICS

B.N.Afsnasiev, L,V.Bykova, Yu.P.Skobochkina

Leningrad Lensovet Institute of Technology, lLeningred

It has been shown in the reports /1-2/ . that the "di-~
electric continuum" theory describes quantitetively tetra-
butylammonium (TBAY), tetraethylammonium (TEA') and tetra-
methylammonium (TMA*) cations influence on Zn2+ and Cr3+
lons electroreduction rate. Tetraalkylammonium- (rAAY) ca~
tions have been regarded as chargé&‘spheres and the follow-
ing equations have been used for calculations:

1n(k/k,) = v,1n(1-0) - s, (1)
N 2
A¥ =0 (2)
N, (2)® (g-g) X, (z0)P/a;-x, do-x1) -
17 B - o ! -
BFERIR, | €46 167€°RTX, \£4d,  E]d,
PR 0
€ = £° =€, = codo/e

(4)

t

€1 =&

c o]

Here g, and g, are the values of dielectric constant in
the plane X=X,; 83 and e;‘- average values of dielectric
constant in the volume between the planes X=X, and X=d. The
rest of the designations are the same as in /1-2/. Equation
(4) corresponds to the "steps” model.

As the structure of hydrated H30+ ions is unknown, there
appears the problem of choice the velues of Rion end
X, . Hydroxonium cation radius R ot 1ls sufficiently smaller
than [0r(H,0)¢]%* and [2n(H,0)d%% cations' redii. Since
the dielectric constant depends on distance X from electrode
surface, € # £, and g, + £, not far from electrode sur-
face can he expected.

When predicting surfactants' influence on HjO"’ discharge
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reaction parameter s, can be evaluated by two methods,

The first method is to work out the equations of corre~
lation of non-dimensional parameter x =H(¢)/H(E) and 51 or
P = Rpoi"/RESLT. Bove H(e) = (£.-£,)/6,€; emd HE)=(E,~E))/
/(E,~E) end Rngr and Riﬁi are the values of molar re-
fractions of any tetraslkylammonium ion and TMAY calculated
additively.

The experimentel data concerning H30+ discharge on drop-~
ping mercury electrode give at X1=0.06 nm and Rion=o'25 nm
the following equations:

® = 2,852 - 0.05€ , (5)
= 2.305 + 0.095 p . (6)

The equations (5) and (6) were used to predict di-, tri-
and tetrasubstituted amines inhibiting asction on H30+ dis-
charge reaction in 1 N HC1l being previously studied in /3/.
It bas been shown that calculated paremeters theor are in
good agreement with the experimental values for tri~ and
tetrasubstituted amines. There is no coincidence in case of
dialkylamines because these amines cannot be considered as
charged spheres,

The second method is described below, It 1is suggested
that the "steps" model (i.e. equation (4)) is realized. The
effective value X?f is calculated from equation (4) at the
set parameter Rion with S?xper numeral value being used.

The carried calculation has given X?ff=0.28 mm in TBAY
presence. The parameter S?heor values, computed by both of
the methods are in good coincidence with each other and with
the experimentel data /4,5/.

The oxygen electroreduction kinetics study has indi-
cated that TAAY cations affect the gecond polarographic wave
in the same way as the 330+ cation discharge, i.e. the se-
quence is TBA'> TEAY> TMAY. The result can be explained in
the suggestion of oxygen reduction occuring on the outer
Helmholtz plane according to the reaction

+ 2 -
0, + H —$H02




at potentials of the second polarographic wave. The ion HOE
formed is diffusing into the surface layer and being re-
duced to OH™ then. We have calculated the redius Rp,-=0.15
nm by means of equations (1)=(4)., This value is quitg ac-
ceptable if RH20-0 «13 nm.

In the first polarographic wave potentials region
corresponding to 02 reduction TMA' demonstrates the greatest
influence. In this case parameter S, value is determined by
Van der Waals forces action and we are not able to evaluate
parameters r, and S1 with a sufficient reliability.

References

1. B.N.,Afanasiev, Yu.P.3kobochkina, G.G.Serdyukova, Elek-
trokhimiya, 24 (1988) 503.

2. B,N.Afanasiev, Yu.P.Skobochkina, Elektrokhimiya,27 (1991)
51.

3. E.P.Andreeva, Zh. Piz. EKhim., 29 (1955) 699.

4, B N.Afenagiev, N,N,Gogolev, Elektrokhimiya, 20 (1984)48

5. B.N.Afanasiev, E.N.Maiorova, K.T.Kuzovleva, I.A.Chetep=
kova, Proc., 8th Symp. on Double Layer and Adsorption on
Solid Electrodes, Tartu, 1988, p.27.

ON STATISTICAL THEORY OF ORGANIC SURFACTANTS' INFLUENCE
ON THE KINETICS OF CATIONS ELECTROREDUCTION

N.K.Altayev, Kh.K.Dzhumabekova, M.K.Nauryzbayev

Kazakh Institute of Chemistry and Technology, Chimkent

4t present it is well-known that description of expe-
rimental datas on the influence of organic molecules' ade
gorption on the reduction kinetics of hydrated and solvated
cations is based on Frumkin's equation of 1952:




is= ko:f(O)cexp[-Mn_F_-lexp[_ hZF] T
RT A RT

Later on the following interpretations of the function f£(®)
have been suggested by various authors:

£(0) = exp(-AU/RT) by I#shkarev M.A. , (2)
£(0) = (1 - @) by Weber~Coryta, (3)
20) = (1 - )P by Sathyanarayana S., (4)
£(6) = (1 - 0)Texp(-50) by Afanasiev-Damaskin.  (5)

In these equations AU - is an additional latent bar-
rier causing difficulties in cations' penetration through
the thick adsorptional layer, while @ = is the degree of
electrode surfece coverage by adsorbate molecules, and b, r,
8 ~ are inhibition parameters.

However, from the theoretical point of view the deriva-
tion of equations (1)-(5) is not strict enough,since in this
case the organic surfactants' specific adsorption isnot taken
into ‘consideration.

The derivation of kinetic equations made on the basis
of statistical and wave mechanics gives an opportunity to
take into account the organic surfactants' specific adsorp-
tion.

In the present article the solution of this problem is
grounded on the ideas of ref.i1, in which the following equa~-
tion has been derived:

i= expEEK+(H2O)/RT]exp(FV/RT)exp(Fﬂq/RT)nK+(H20)n° (6)

concerning the case when the system lacks organic surfac-
tants. The organic surfactants' adsorption taking place, the
equation acquires the following form:

i= exp{-EK+(H20)/Rﬁ] non'K+(H20)exp[F¢K+(H20)/RI1//
/{1+nk+(H20)exp[F?K+(H20)/RT]+ nﬁexp(FQM/RTz} (1)
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when both metal cations and organic molecules are acceptors,
and

L = exp[~Egt (g ofRT] n°/{1+1/nx+(H20)‘ axp [-F«pK+(H20)/RT]}(s)

concerning the case when metal cations are acceptors, while
organic molecules are donors. In these formulas VK+(H20) -
is a potential causgd by specific adsorption while EK+(H o)
- activation energy, nK+(H 0) = volume concentration of fie-
tal cations, n° - the numbar of active centres, nk+(H20) -
surface concentration of metal cations,and nﬁ - surfsce” con-
centration of organic molecules.

The suggested equations allow to explain qualitatively
the following experimental faots:

a) the inhibition of cations' reduction rate asa result
of the introduction of surface-active organic catlions;

b) the increase in cations' reduction rate as a result
of the introduction of surface active organic anions;

c) the effect of neutral organic surfactants on cations
reduction kinetics.
Reference

1. N.K.Altayev, Quantum~statistical approach to the descrip-
tion of chemical kinetics' problems. Dep. in VINITI, 1981,
N 5697 - 81.

ADSORPTION OF ORGANIC COMPOUNDS ON A BISMUTH ELECTRODE
FROM ETHYLENE GLYCOL

A.Alumaa

Tartu University, Tartu

Adsorption of orgenic compounds from non-sgueous medium
is aspociated with many peculiarities, first of &1l muat be
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mentioned the more non-equilibric feature of adsorption pro-
cess /1/, as well as the desolvation or the resolvation of
the double layer ions and the change of effective dimension
of edsorption layer at high bulk concentrstions /2,3/. The
present report is devoted to the study of adsorption of some
aliphatic and aromatic compounds from ethylene glycol (EG)in
order to develop the points of -view on their adsorption from
alcoholic medis /2,3/.

By measuring the dependence of the differential capaci-
ty C on the solid drop Bi electrode potential E /1-3/ the
adsorption of 1-decanol, naphthalene, aniline and thiocarba-
mide has been studied.

Alkanes being practically insoluble in EG and having
negligible adsorption effects drop out of the representati-
ves of different classes of organic compounds studied in the
non-aqueous media.

The adsorption process of 1-decanocl from EG on Bi has a
considerably non-equilibric feature, which has been indicat~
ed by lowered maximums on C,E-curves. So, the area of the
negative maximum on the C,E~curve in 0.1 M solution of 1-de~
canol is by 45 % smaller then the equilibric one. As in the
case of the adsorption of organic compounds from dimethyl-
formamide /1/, it is the result of a strong interaction bet-
ween solvent molecules and the Bi surface, which also fol-
lowed from the comparison of the adsorption data on the Bi/
/solution and the Hg/solution /4/ interface (Table 1). The
surface activity of 1-decanol increases in the sequence Bi<
< Hg< air, at which on bismuth it is considerably lowered.

The shape of the C,E-curves of Bi and Hg /4/ in the sa~-
turated solution of 1-decanol indicates the formation of
polylayer -in the adsorption region,considerably complicating
the calculation of the adsorption characteristics and their
compariéon on different interfaces, Nevertheless, it can be
concluded that the value of e 1in the case of the adsorption
from EG as a strongly associated solvent, is noticeably hig-
ner than that in the case of the adsorption from alcohol.Dif-
ferently from the adsorption of alkanes from alcohol 2,3/ in
this case the energetic heterogeneity of the bismuth solid
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drop electrode is expressed very weakly both in the shape
of C,E-curves and in the isotherm.

Table 1

Adsorption characteristics of 1-decanol on Bi and Hg
in 0.5 M 1iC10, solution /4/%

Elec-| a ¢y | B 1o1°.|'l_né Bos, .LA&:,_1 a(-a0,),
trode luF-cm' V | molecm lemol™ '| kJemol™ '| kdemoX
Bi 1.4 3.3 Jo.10| 2.6 10.2 | 93.9 -2.8
He 1.2 4,3 {0.14 2,6 23.2 95.7 -0.6

f In Tables a - attraction constant in the Frumkin isotherm;
€' - the limiting value of the differential capacity;aC, -
maximum value of the differential capacity depression; EN -
maximum adsorption potential at ¢=0; rh = meximum adsorp-
tion; B, - adsorption equilibrium constant at E__ ; -Aax -
standard free energy of adsorption at E -0 8mdl=1 mole~
<:1.11e:vcm'2 in the rational scale considering the saturation
of the surface layer with adsorbate molecules /5/;4(~aG,) -
profit in the free adsorption energy at transition from Bi/
/solution to air/solution.

Adsorption of aromatic compounde on Bi from EG is prin-
cipally determined by the s-orbital interaction between the
adsorbate and electrode surface, being essentially weaker
than that with Hg. In the case of aniline, the dJifference
between the adsorption energy on Bi and Hg at charge q=0 is
14 kJ.moI}, a great part of which is cauded by the differen-
ce in the A-orbital interaction. Such a great difference in
the adsorption activity also leads to qualitatively diffe~
rent C,E-curves of Bi and Hg in the solution of aniline.

Tables 2 and 3 show that the transition from butanol
to methanol increases the adsorption effect in the adsorp=-
tion region at q=0. It is caused by strengthening of the
structural squeezing out of aromatic hydrocarbon from the
bulk solution by increasing of solvent polarity, as well as
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by decreasing of displacement work W of solvent molecule
from theé electrode surface. At the same time,in the case of
transition from methanol to EG (close constants of the di-
electric permeability) the adsorption effect decreases in
the adsorption region near E =0 28 a Tesult of the increase
in W. The adsorption activity of thiocarbamide also decreases
egsentially at transition from alcohols to EG.The values of
-AG: in the case of adsorption of thiocarbamide from metha-
nol, ethanol, n-propanol and EG are 93.8; 93.7; 92.6 and
89.6 kJ-mol°1, respectively.

Table 2
Adsorption characteristics of naphthalene on Bi

in the adsorption region mnear E__, (g~ -1 -2 /uCocm-z;
By~ =0.05 ¢ ~0.15 V in referencquq=o)
Solvent ACm.2 1010, l'zm. Eys -AEK,1 A(-AGA%»
yFeom™ | molecm” ¥ kJemol”~ kJemol”
o 2.8 1.1 -0,065 93.3 _ T.0
Methanol 4.3 2.4 -0.06 95.1 -
Ethanol 2,5 1.8 ~-0.085 92.2 -
Butanol 1.1 0.4 -0,05 90.9 -

Table 3

Adsorption characteristics of naphthalene on Bi
at High positive charges (qmdl2-1,_3: /C-cm'z; Em~0.5 v
in reference Eq=0)

Solvent AC , a 10%0. 1, -AGI ,
B_2 7] -1
- IuF-cm molecm kJe.mol
EG 5.1 0 2.0 97.2
Methanol Tal ~0.25 2.0 98.6
Ethanol 9.8 =0.15 1.8 96.7
Butanol 10.7 -1.0 1.0 96,1

As it appears from Table 3, the change in the dielectric
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properties of earomatic hydrocarbon connected by its £+orbi-
tal interaction with electrode surface at high positive
charges gtrongly depends on the polarity of the solvent.Ac~
cordlng to the specific depression of capacity AC /r and
the repulsional interaction between adsorbated molecules in
the adsorption layer, the solvents studied are in the (fol-
lowing sequence water < EG{ methanol {ethancl < butanol.

Thus, on the one hand, EG reveals itself +to be a sol=-
vent relatively strongly interacting with the Bi surface,
and on the other hand, & solvent, the molecules of (which
are egsentially aassociated. ‘
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VOLTAMMETRY OF ORGANIC COMPOUNDS ON THE GLASSY
CARBON ELECTRODE IN THE FRESENCE OF LEAD IORN3

I.A.Avrutskaya, S.S.Kucherov, A.N.Zhuravlev,
G.,V.I1tov, N.A.Vishnyakova

Moscow D,I.Mendeleev Chemical and Technological Institute,
Moscow

Possibilities of the voltammetry in the study of elec~
trochemical behaviour of organic compounds on the glassy

1
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gbarbon electrode can be easentially enlarged by adding to
the solution metal ions, depositing at less negative poten-
tials than the organic substrate discharge during linear po~
tential sweep /1/. Good reproducibility of the results ob-
tained on the glasay carbon electrode with electrodeposit-
“ed metala on its surface enable us to use this method for
the investigation of electrochemical behaviour of orgenic
‘compounds on electrodes applied in preparative electrosynt-
hesis.

Electrochemical behaviour of dichloro- and monochloro-
acetic acids (DCAA and MCAA),2,2~dichloro- and 2,2-mono-
chloropropionic acids (DCPA and MCPA) was studied on the
glassy carbon electrodé in the presence of lead ions. Pri-
marily it was found that all the above mentioned acids did
not influence the shape of the background curve on the glas~
sy carbon electrede in 0.1 M HC1 solution, or in cathodic
and anodic potential regions.

Addition-of lead ions into 0.1 M HCl solution leads to
the appearence of the peak (Ep = -0.6 V) and the background
discharge is removed to the cathodic region up to the po-
tentials of hydrogen evaluation on the lead microelectrode,
This indicates the presence of lead on the glassy carbon:
electrode surface. The reverse course of the gotnxiai sweep
gives the peak of anodic lead dissolution (Ep = -0.5 V).The
height of the cathodic peak is proportional to the lead
ions' concentration in the solution and linear to the square
root of the potential gweep velocity. The 1lead deposit has
& local distribution.

Addition of DCAA or DCPA to the solution contsining me-
tal ione in 10~% - 10”2 M leads to the appearsnce of another
cathodic peak due to the reduction of dichloroacids to the
monochlorocarboxylic acids with potentials <1.2 and -1.0 V,
respectively. Increase in lead ions' concentration removes
these peaks into the region of less negative potentials.
That, probably, deals with the change in the deposit struc-
ture. Thé' clearest peaks are observed in the region of lead
ions' concentrations (2,5 - 5).10"% .,

' Limiting ,currents of DCAA and MCAA reduction are in
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directly proportional relationship with their concentrations
in the solution and with the square root of the potential
sweep velocity. The latter indicates the diffusion nature of
the limiting current of dicarboxylic acids' reduction.

The electrochemical behaviour of methyl ester of cyano=-
benzoic acid and monomethyl ester of terephthalic acid amide
used in the synthesis of radioprotective preparation - para-
aminomethylbenzoic acid, was studied in the same route., The
peaks of these compounds' reduction to the corresponding ami
noderivates in a strongly acidic medium were observed on the
glassy carbon electrode in the presence of lead ions at po-
tentials more negative than lead ions' reduction. Peak po-
tentiels are similar to those obtained on the lead micro-
electrode.

On a dropping mercury electrode, in the same conditions
all compounds discusged do not give clear waves, especially
in strongly acidic media. Keeping in mind that lead is a cat-
hode in the preparative reduction of these compounds,the ap-
plication of this method allows us to gtudy the electroche-
mical behaviour of organic compounds in conditions close to
the preparative electrosynthesis.

The renewing in every cycle and well-reproduced lead de-
posit that formed during the linear potential sweep‘ on the
glassy carbon electrode in the solution containing lead ions
can be uged for the~investigation of electrochemical behavi~
our and analytical detection of the compounds reducing on
lead electrode under potentials more negative than metal ions'
discharge.

Reference
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PARAMETERS OF DOUBLE LAYER CBARGING

E.A.Babak, V,S.Kublanovskii

Ingtitute of General and Inorganic Chemistry
Ukr.SSR Acad. Sci., Kiev

The time constant of electrode charging-discharging
process, that is the product of interphase resistance and
its capacity, is one of important parameters in electro-
chemical kinetics. At present this parameter is not used as
an independent characteristic of electrode.It is related to
the'fact that the resistance and capacity of the electrode
depend‘ on the supplied potential as well ason the frequen-
cy and shape of supplied pulges (sinusoidel and non-sginusoi~
dal). But the time constant is used as a real physical va-
lue in such experimental electrochemical methods as commu~
tator and current double pulse methods, square-wave polaro-
graphy etc.

If the action of supplied pulses does not accumulate
on electrode as it occurs in cyclic methods and each pulse
corresponds to a standard initial electrode state then a
single pulse can be considered. For such a gsingle pulse the
Fourier series expansion shows a maximum contribution of low-
frequency sinusoidal components. Thus,for single pulses the
time constant of electrode charging can be determined either
from the direct measuring of resistance and capacity under
pulse supply or from the frequency spectrum of electrode im=-
pedance when extrapolating it to zero frequency.

The study of electrode behaviour in pulse regime and
frequency characteristics of impedance allows the time cons-
tant to be introduced as an electrode process parameter and
makes it possible to determine the order of magnitude of
thig value for different reactions.
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THE iNFLUENCE OF METAL NATURE ON THE STRUCTURE OF THE ELECT-
RIC DOUBLE LAYER IN MN-METHYLFORMAMIDE IN THE SOLUTION OF

INACTIVE ELECTROLYTE.

1.A.Bagotskaua, ¥.V¥.Yemets, Y.G5.Boutsow, V.E.Kazarinov
Frumkin Institute of Electrochemistry, USSR, Acadi Sci.,Mescou

In N-methyliformamide (a proton solvent, dielectrical
constant of 162,4 at 25°C, dipole moment of 3,B82D) the stru-
cture of the electric double laver (EDL) was studied in me-
tals of the Ga-subgroup. Those were Ga, the Jn-Ga eutectic
alloy (16,4 at.%Z Jn) and the Ti-Ga alloy {0,02 at.% T1).Com-
bined with Ga, Jn and Tl are surface active components and
the above allouys are close to pure Jn and Tl in their elect-

.rochemical properties. The investigation was performed on
dropping electrodes by measuring differential capacity uwith
AC bridge at 32°C. Potentials of zero charge on metals were
determined with an open streaming electrode placed in the
same solution. To compare, measurements were taken under the
same sonditions using a dropping and _ streaming Hg electro-
des. ’

It was established that it is alkali metal perchlorates
that function as surface inactive electrolytes in the Ga-
subgroup metals in N-methulformamide. It was shown that on
C,E-curves for Ga electrodes (where C is differential capa-
city and E is potential) in dilute Cl04™ sclutions there ap-
pears. a minimum whose depth increases as the solution is di-
luted and the minimum potential does not depend on Cl04™ cen-
centration and is similar to that of the open streaming
electrode. In Jn-Ga and in Tl-Ga as well az in Hg the mini-
mum potential on the C,E-curves depends on Cl04~ concentra-
tion. With further dilution it deepens, shifts in the pesi-
tive direction and has no correspohdence to potential of ze-
ro charge, which results from the inner layer capacity (Ci)
passing through the minimum at insignificant negative char-
ges (o), low C; values and a negligible contribution of the

15




diffuse layer capacity (G, to the magnitude of £ due to the
high value of N-methulformamide [M-MF) dielectrical constant
It was  shown that in Ga and TI-Ga as well as HZ the
Gouy~Chapman—Graham theorw is valid over the investigated
charge range. For JIn-Ga, 1t is valid under o3, and o<
-5*10” 2C/m>. ‘ ,
fis can be seen in the figure, the shape of C,o-curves
in N-MF is strongly affected by the nature of the metal.
Tl-6a as well as Hz, reveals a  hump in the negative range,
whose presence is related to the EDL  dense part bheing half
filled with associates and free dipoles H-MF oriented along
the field 41/, In In—Ga  the hump is less pronounced, in Ba
it disappears completely degenherating intc a bend. Under
considerable regative charges o<-13*107%0/m% the value of
.differential capacitg is practically independent of the me-

CA07Fmt

Fig. Plots of differential

capacity C against electro-

de charge density o in O,1H

salution NaClQa in M-MF for

Ga, Jn-Gba, Tl-Ga and Hg
L .

¥+ 0 ev0re electrodes

tals nature, which indicates similar structure of EDL in
different metals. With the decrease of the negative charge
C,og-curves diverge; under o=0 their seguense is charged:
gBaypIn-Ba, T1-6ayche i reveals N-MF species re-orien-
ting with the negative end of the dipole towards the surface
of the electrode due to chemosorption resulting from the in-
teraction between the -C=0 axugen and the metal.

Potential defference between HZ and ba-subgroup metals
in N-MF under o<<0 AE?%}H does not depend on the magnitude
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of o and is close to AEH§,S in other solvents (dimethylfor-

mamide, dimethylsulfoxide, acetonitrile, water)/2/ and, con-
seguently, to the difference of work at the output betwesn
the metals into the vacuum {see the Table). The wvalues of

2402 Hg-M Hg-M , ~Hg-M
Metal | C;*10%/m? | SENEM | AETEE (aEREur Jg=a
Ba 68 0,60 0,18 0,42
Jn-Ga 33 0,56 0,3 0,22
Tl-Ga | 19,4 0,55 0,47 0,09
Hg 15,5 0 0 0

EHgU are significantly different from those nF‘;Eg§zg Ad-
sorption N-MF potential jumps in Ga-subgroup metals relatlve
to Hg which under ¢=0 are egual teo “ﬁengMFJu—U’AEu 0 AE?%ES
in the T1-Ga<Jn-Ga<Ga series increase with the output work
in the same sequence, which confirms the fact that N-MF fun-
ctional group bearing a negative charge as well as in previ-
ously  studied solvents /27 in interaction with the surface
of the elecrode acts as a donor in relation to the metal.

Thus, from the data cited above it follows that the
disappearance of the hump on the C,E-curves from Hg through
T1-6a and Jn-Ga to Ga is. due to chemosorption at the elect-
rodes of the solvent leading to the balance shift in :.dense
layer . between the associates and free N-MF dipoles in the
direction of the latter.
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THE EFFECT OF ELECTRO-OXIDATION OF. OXIDE-CONTAINING IONS
ON THE ADSORPTION CAPACITY OF THE CHLORINE GLASS~CARBON
ELECTRODE AND OF THE CHLORIDE ION CHARGE

N.M.Barbin, V.R.Nekrasov, L.E.Ivanovaky

Institute of Electrochemistry, Ural Department of the USSR
Aced. of Sci,, Sverdlovsk

The suggested 1i literature /1/ scheme of electrolytic
hydrogen extraction including charge transfer reaction fol-
lowed by a recombination reaction and/or electrochemical
desorption was successfully used for the analysis of ext-
raction processes of other diatomic gases (halogen, oxygen)
in aqueous solutions and selt melts, The development of gas
electrode theory is connected with studying the adsorption
effect on electrode processes.

" In the oxide-clloride electrolyte chlorine extraction
is preceded by a discharge of oxide ions. Discharge pro-
ducts being adsorbed on the electrode surface will influen-
ce the process of chlorine extraction which will aYfesct the
adgorption characteristics of chlorine and the nature of
the electrode process.

In Figure 1 are given chronopotentiograms of switching
on (a) and switching off (b) the anode current for the
glass-carbon electrode in the melt 03012-K014Ca0 (1 mole %)
at 750°C. The oxidation of oxide ioms is represented in
sections including /2/ stages of electrochemical adsorption
(AB)(1) followed by a dimcharge of oxide (BC) and carbonate
(CD) ions via electrochemical desorption mechanism (2,3)

o:: +3C = 28 = Cx0yy, (1)
0% + 020, - 28 — €O, + (x=1)C (2)
cog' +0x0, 4, ~ 28 — 200, + (x-1)C (3)

The quantity of electricity Q necessary for the elec-
trooxydation of oxide~contalning ions is determined by the
chronopotentiograms.of .switching on. Chlorine extraction is
represented in reaction (DE).

The mechanism of the process proceeds as follows /3/ -
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fast at high temperatures (above 69000) reaction of elec~
tron tremster (4) is accompanied by e slow recombination
reaction (5) which mainly contributes to overvoltage.

C1” - 8 = Cl_,, (4;
CIads + CIads - 012. (5

For the Frumkin isotherm the adsorption capacity C in
the potential region controlled by adsorption process kine-
tics is determined by the formula

¢ = (Fr¥/mr){6(1-0)/[1 + go(1-0)]} (6)
According to the chlorine extraction model considered

the polarization curve after switching off the current will
be determined by the formulas

i = ~Cap/ar, i = i exp(27F/RT) (7
Integration gives the relation
~q =bln (1 /bC)( +0)], b = RT/2F, (8)

' The constant t =bC/i determines the potential delay
after switching off the current and includes the parameter
C, Numerically its valile can be taken as equal to the part
(EF) on the curve of switching off cut by a second with the
slope b formed by extrapolation in the region q*<q.4 0 of
the section (PG) (Fig.1).

The results are given in Table 1.The values of the ad~
sorption capacity of the chlorine glass-carbon electrode de-
crease while the oxide concentration and temperature inorea
se. A decrease in the pupply of electricity frthe electro-
oxidation of oxide-contai;ing ions,r$eu1ts in an increase in

Pig.1
Chronopotentiograme of anode
current awitching on (a) and )

switching off (b).

A ;

I}
I R

the adsorption capacity. The electrode process proceeds as
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tollows: at relatively low oxide concentrations (0,1-1.0 mol
%) oxide and chloride ions discharge mainly on "their own"
adsorption sites and their mutuel influence is insignifi-
cant. The number of surfece adsorption asites for chlorine is
large enough and the mechanism of the process is not changed
substantially as compared to & purely chloride system. At
higher concentrations and temperatures is observed a progres-
sive filling in of the adsorption sites available for chlo-
rine with e dipcharging oxygen. The degree of filling in the
sites increases, the chlorine adsorption capacity drops.Cer-
tain changes are observed in the mechanism of chloride ion
Table 1

Experimental results

T, K Ca0, mol.% 1, Aecm™2 | Q, Ceom™2 C,’.,F-cm'2
1023 0.1 0.043 9.6.1074 980
1023 0.1 0.071 6.3°10°% 1000
1023 0.1 0.114 7.2.107% | 1030
1023 1.0 0.441 ' 2.5.1072 790
1023 1.0 0.882 6.2°10"3 900
1023 1.0 1.470 6.6010"2 1000
973 5.0 2.597 4.6.1072 620
973 5.0 3.896 2.2.1072 830
973 5.0 5.196 1.1.1072 990
1023 5.0 2,703 6.8.1072 280
1023 5.0 4,054 4.5.1072 320
1023 5.0 5.405 2.1.1072 | 370
1073 5.0 2.817 8.9.1072 150
1073 5.0 4.225 4,2.1072 180
1073 5.0 5,633 1,2.1072 220

discharge, This manifests itself in a higher overvoltage and
in the Tafel slope of the polarization curve. The surface
conoentration corresponding to the chlorine monolayer appears
to be changed.
References
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ON THE ROLE OF ADSORPTION PROCESS IN INHIBITION
OF ANODIC DISSOLVING OF ALLOYS NiZn AND Snln

A.G.Berezhnaya, V.V,Ekilik, V.A.Fevraleva

Rogtov State University, Rostov-on~Don

Inhibition regularities of alloys dismsolving differ frem
those of metals. Here it may be related with violation of the
principle of slectrode reaction indenpendence,increased struo-
tural heterogeneity of alloys, the existence of periods of
gelective and proportienal dissolving of alloys, the tranai-
tion between which ia accompanied by the essential change in
the state of surface, kinetics and tehnique of the process.

In the present paper, the peculiarities of anodic dis~
solving of alloy NiZu ([Ni] = 50, 58, 72 at %) and Sn5In
([In]= 5 at %) in chloride and perchlorate media with sur-
face-active substances (SAS) have been investigated. As the
inhibitors, the organic compounds of tellurium,hydrocinnsmic
acid, benszotriazole, 9-hydroxyphenalenon, and derivatives of
bpnzimidazi:_ﬂi;are used. Nonstationary electrochemical mea-
surements have been conducted on a potentiostat PI-1, P5827M
in a complex with an  oscilograph ard recorder "emdim-620.02",
The degree of the surface coverage with SAS (@) hasg been de-~
termined from the capacity data.

Theoretical chronoamperograms of a binary solid solu-
tion by the stable electropositive component (EPC) is charac-
terized by the succesive changing in time (%) of the slowed-
down stages of charge transmission by the diffusion of the
electronegative component (ERC), stationary and nonstationa-
ry diffusion in solution. by nonstationary diffusion of ENC
ln alloy, between which there are fields of mixed kinetics
/1/. Raturally, the inhibition mechanism of the alloy dissol-
ving should be determined by the characteristics of the
slowed-down stage of the process.Slowness of electrochemical
8tage ls less characteristic for selective dissolving of
alloys in comparison with uniform dissolving. It can be con=
nected with a smgll 7T values of the slowed-down stage of
charge transmission and high velocity of alloys dissolving
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at the beginning of ths proocess.

At the beginning (r= 0.01-01 ) the dissolwing of alloy
Sn5In is controlled by electrochemical stage and the inhibi-
tors do not influence it. That may be connected with the
slowed-down adsorption process. Later on the dissolving of
Sn5In is characterized by a successive change in the ¢ of
the slowed-down stages of the ions' diffusion in electrolyte
to nonstationary solid diffusion of In. In the former case
inhibitors change the velacity by creating a thick protect-
ive £ilm on the surface of the alloy or decreasing the dif-
fusion coefficient of the solution prdduct. In the 1latter
cagse the inhibitors' effect is connected with decreasing the
concentration of vacancies because of SAS adsorption.The pro-
tective effect of inhibitors is determined by changing solid
diffusion coefficient Dpy.. Hence, inhibitors stimulated pure
Zn dissolution but inhidbited Ni ionization, and adsorbing on
the surface of alloys this may inhibit the dissolving of Zn
as & component of the alloy. Thus, the organic compounds of
tellurium inhibited dissolving of the alloy and Zn as its
component, but it stimulated pure Zn ionization,m%n;0.7-0.8)
and inhibited pure Ni dissolving (Kg,=10-60).

Under stationary conditions, the ENC and alloy dissolve
in keeping with the regularities characteristic of the elec~
tropositive component., The influence of inhibitors onto the
nature of component is nonspecific. The value of SAS protec~
tion effect (K) is higher than that (K') for pure metals.
It may be presumed that the higher surface activity of EPC
in alloy in comparison with a pure metal promotes the in~
crease in adsorption and protecting activity of inhibitors,
or in energy heterogeneity of the alloys surface. The analy~-
pig of concentration dependences of the filling rate of sur-
face by the addition has shown that when a using the Temkin's
adsorption isothermes the higher value of the heterogeneity
factor of the surface is characterigtic for the NiZn than in
the case of zinc end nickel. According to tnat the snare of
the activation factor of the inhibition process for the al-
loy wss higher in comparison with the blocking and aobtive-
tion factor for pure metals (ses Table 1).
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Table 1

Value of f, 2, Bg and z, for alloy NiZn, Ni and Zn
in perchlorate media. SAS - hydrocinnamic acid

Lwi) “Desig-| Concentration of SA.S,mol-l'1
at |-E, B ¢ [ nation - - — =2
P of 8 la.1073| 1073 | 7.1074| 5-10
o | 0.8 |0.018] =z 83.4 | 69 50 23
2y | 83 42 30 22,7
zy - 46 29 0.5
50 0.15 { 0.03 z 99.9 99.4 98 90
zg | 96 es 50 '| 35
z, |98 95 96 85
58 0.15 | 0.036 z 99.9 99.8 98 76
Zg 82 48 36 34
z, |99.9 | 99.6 [ o7 64
T2 0.05 | 0.03 2 99 97 90 69
zg 80 80 66 11
2z, 95 85 80 65
100 0.0 0.014 z 98 87 81 44
zg | 96 79 65 35
z, |50 38 46 15

Note: z ~ degree of metal's or alloy's protection,
z, - share of activation factor of inhibition,
%g - degree of protection,when inhibitor effects on
block mechanism.
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INFLUENCE OF THE SURPACTANTS' ADSORPTION ON THE PROPAGATION
RATE OF MONOATOMIC LAYERS DURING ELECTROCRYSTALLIZATION OF
SILVER

Y.Bostanov, A.J.Maslii *, W.Obretenov

Central Laboratory of Eleotx_'ochemioal Power Sources,
Bulgarian Aocademy of Soienoces, Sofia

* Institute of Solid State Chemistry, Siberian Department of
the USSR Aocademy of Soiences, Novosibirsk

The experimental data for the influence of surfactants
(impurities) on the process of eleoirocorystallization,
obtained 'on polyorystalline substrates, oan hardly be
interpreted reliably by the simplified theoretiocal models
oonsidering the growth of the moncatomic step on a orystal
face.The growth shape and propagation rate of monoatomic
layers in pure solution have been investigated during
eleoctroorystallization of silver on sorew dislocation free
faces of silver single orystals ([1-3]. The present
commmnication reports the first results on the influence of
surfactants on the growth rate of monoatomic steps in this
case of eleotroorystallization.

EXPERIMENTAL. Sorew dislocation free (100) face of
silver single orystal was obtained by the method desoribed
in [4].Monocatomic layers were sucoessfully deposited on the
face by pulse formation at high overvoltage of a single 2D
nuocleus which subsequently propagated at overvoltages lower
than the oritical ome for 2D nucleation (n,.= -6.5 mV). The
shape and growth rate of each layer was determined by
analysis of the ourrent transient recorded during its
deposition. The inhibiting effect of the surfactant on the
growth of the monoatomioc steps was investigated by adding
tartaric acid in the eleotrolyte solution (6N Agl‘l()3 at
pH = 1 and temperature of 45°C). Inoidentally, it was found
that the propagation rate of the monolayers inorease
significantly in the présenoe of carbon tetrachloride in the
solution.

RESULTS. 1. Tartaric acid with very low ooncentrations
inhibits the growth of the steps. For example, at 10-6 mol/1

24




tartaric acid in the solution, the propagation rate of the
monoatomic layers at 1) = -4 mV is more than twioce lower than
that in pure solutions. It is important to note that in
presence of the impurity the character of the overvoltage
dependenoce on the monolayer pz;opagation rate is modified. In
pure solutions it is a 1linear one: Vo = kM. Im the
presence of the impurity (10"6 mol/l) a linear dependence
with a slope virtually equal to that in pure solution is
observed at overvoltages higher than 2.5 mV. Below this
value the dependence ourves towards the origin of the
ooordinate system. The growth. shape, however, does not
change remaining round.

The theory disousses the inhibiting effeot of
impurities on the growth of monoatomic steps on the basis of
several models [5-7]. It was established that the best
desoription of the overvoltage dependence of the step
propagation rate, obtained in this study, is provided by the
model of Albon and Dunning. Aococording to this model the
impurity species are adsorbed on the step. At a
concentration of the impurity at which the free step lengths
are equal to, or less than, the diameter of the oritical
nucleus, the step oan no longer progress. The resulting
relationship between V and vo, the step propagation rate in
impure and pure solutions respeotively, o, the adsorbed
ooncentration of impurity speoies (number per atom of the
step) and r*, the radius of the oritioal 2D nuocleus (atomioc
diameters) is:

x
=v, [2r* - (1-0)2r® + (1-0)] (1-0)%F <

Taking into acoount that YV, =k, 7M and r = E/qan ,
€(J/om), qm(clom) and a (om) being the specifio periphery
energy of the nucleus, the amount of eleotricity required
for the deposition of one monolayer on a unit surface, and
the atomio diameter in the orystal lattioce, respectively,
the V/7M dependence follows from eq. (1):

V =k M2e/ (quam) - (1-0)26/(quam) + (1-0)] (1-0)?%/WSN (2)
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This dependence agrees well with the experimental data when
o = 0.1. Por k, the value k, = 2 om/sV was obtained and for
€ the value € = 2%10 ' 2J/om was used [8].

2. If oarbon tetrachloride vapours are introduced in
the atmosphere of the eleotrolytic oell, the monolayer
propagation rate inoreases gradually and in about 3 hours
reaches a steady state value whioch is 10-12 times higher
than the rgte measured in pure solution. Obviously the
increase 1n the pi'opagation rate of the layer is
proportional to the CCl 4 in the electrolyte solution, sinoce
this effeot ooocurs immediately when preliminary saturated
aqueous 0014 solution is added to the electrolyte. The high
growth rate of the monolayers is retained for 10-15 days,
i.e. the maximum measurement time for an investigated
orystal. This strong oatalytic effeot of CCl 4 (or its
dissolution products) on the growth rate of the monoatomio
steps still remains unclear.

REFERENCES

1. V.Bostanov, G. Stailkov and D.K. Roe, J.Electrochem. Soec.,
122 (1975) 1301.

2. W. Obretenov, V. Bostanov and E. Budevski, J.Eleotroanal.
Chem., 170 (1984) 51.

3. V. Bostanov and W.Obretenov, Electrochim. Acta, 34 (1989)
1193.

4. V. Bostanov, A. Eotzeva and E. Budevski, Bull. Inst.Chim.
Phys., Acad. Bulg. Soi., 6 (1967) 33.

5. G. W, Sears, J. Chem. Phys., 29 (1958) 1045.

6. N. Cabrera and D.A. Vermilyea, in: Growth and Perfecotion
of Crystals, Eds. R.H. Doremus, B. W. Roberts and D.
Turnbull, Wiley, New York, 1958, p.441.

7. N.Albon and W. J. Dunning, Aota Cryst., 15 (1962) 474.

8. V. Bostanov, W. Obretenov, G. Staikov, D.K. Roe and
E. Budevski, J. Cryst. Growth, 52 (1971) 761.

26




ELECTRODE POTENTIALS AND WORK FUNCTIONS
N. G. Bukun

New Chemical Problems Institute, Academy of Sciences of the
USSR, Chernogolovka

It has been shown by Ukshe [1] ihat electrode potentials
in condensed ionic media (i.e. solid electrolytes or molten
salts) can be calculated in “electronic" scale when zero
line 1is the energy level of the rest electron in vacuum
In this case potential of the Ag electrode in solid or
liquid Agl equals to work function of silver iodide which
is equilibrated with metallic silver

Erg/agl = ¥ ael(ng)’® (1)

The work function measurements for several solid salts have
been made by the contact = potential difference method in

[2-5]. It has been discovered that values of W depend not
only on salt nature but also on the nature and composition
of the electrode which is equilibrated with the salt. The
value of the contact potential difference between Ag and
Agl equilibrated with Ag is [23:

= - - g+ _ g+ o
aelagiiag)™ Vagi(ag) ™ Yae Wﬁg “ﬁgx(Ag) (2)

where W** s A¢*-ion work functions. With the help of the
Egs. (1) and (2) and well-knowing data of EMF of the chem-
ical circuits we calculated electrode potentials for sev-
eral metallic and gas electrodes in solid electrolytes at
room temperature. The results of these calculations are
given in Table 1 together with electrode potentials in
agueous solutions Ex [6].

It can be seen that potentials in solid salts depend on
their composition and can change in wide limits because of
complex formation. In particular in aqueous solutions the
silver electrode potential is more positive than iodine po-
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Table 1

Electrode potentials for metallic and gas electrodes

electrode solid salt E, V| aq. solution| Ex, V
Ag AgCl 4,29 Ag/Ag+ 0,80
Cly AgCl 5,35 Cly/C1™ 1,36
Ag Agl 4,09 Ag/Ag+ 0,80
Ip Agl 4,78 In(s)/17 0,54
Ag Ag Kl 4,15
Ag Ag Rblg 4,24
Ip Ag Rbl; 4,58
Ag AgsPylg 4,27
Ag Ag.Et Nig 4,29
Ag AgoS1 4,75 .
Ag AggWo, 1, 4,82
cd Cdcl, 3,52 Cd/cd™ -0,40
Cl, CdCl, 5,30 Cly/CL™ 1,36
cd cal, 3,30 cdsed®t -0,40
I CdIy 4,34 Io(5)/17 0,54
Na Nag0. 11A1,05 1,54 Na/Na* -2,7
Na Nao0. 7Al,05. 0, 2Mng0, 1,46
Na NasYSi4O12 1,91
Na NagEuSi 40,0 1,81
Na NagBdSi 40,5 1,77
Na NagYbSi 40 o 1,58
Na NagBdg gZrg 4514042 [1.43
Li L1A1SIO, 1,02 LisLi® -3,04
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tential, Ex = 0.26 V, but in solid Agl their difference
is E = -0.68 V. For silver ¢chloride such inversion of po-
tential for transition from aqueous solution to solid salt
does not occur but respective potential differences never-
theless are not the same: Ex = -0.56 and E = -1.06 V.
For the systems Cd-012 and Cd-12 such potential differences

are Ex=1.76 and 0.94 V, E =~ 1.78 and 1.04 'V, respect-
ively. The differences between potentials of sodium in com
plex silicate NaSGdo_ QZFO. 1514012 and chlorine and iodine

in silver halides are...E = 3.92 and 3.35 V when for
aqueous solutions Ex = 4,07 and 3.25 V. The observed dif-
ferences for aqueous solutions and condensed ionic phases
can not be explained by the differences bétween hydratation
energies of different ions [6] because they cannot give the
inversion of potentials. Obviously the main cause of afore-
menticned phenomena is in non-electrochemical electronic
exchange between metal electrode and condensed ionic phase
{11. Such exchange is impossible for aqueous solutions. The
influence of the electronic equilibria on the formation of
double electrical layer probably may be discovered in
course of investigations of the solid electrodes of the
second kind.
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ON THE MECHANISM OF ELECTROREDUCTION OF ACRYLONITRILE
ON MERCURY, CADMIUM AND LEAD

I.V.Chumakov, A.V,Tikhomirov
Nizhny Novgorod Polytechnical Institute, Nizhny Novgorod

The cathodic hydrodimerization reaction of acrylonitrile
(ACN) forms the basis of the electrochemical method for ob-
taining adiponitrile (ADN), which is a semiprocessed product
in production of nylon. In spite of industrial application,
the mechenism of the process remains to be uncertain, mainly
due to the fact the interrelated data on electroreduction
and acrylonitrile adsorption are not avallasble. In the ear-
lier work /1/ we studied acrylonitrile adsorption on mercury
and cadmium with the K2HP04 background.

Adsorption parameters of ACN (B, 6, ) in the wide range
of potentials, including electroreduction potentials were
estimated.

In this communication the kineties of acrylonitrile
electroreduction on mercury, cadmium and lead in the solu-
tions of potagsium hydrophosphate and quarternary  ammonium
salts were studied. Some kinetics parameters (ana, n, th)
with consideration of /1/ were estimated and analysed.

It was found, that independently of the electrode natu-~
re and the background electroreduction of acrylonitrile on
mercury, cadmium and lead proceeds irreversibly and is con-
trolled by the mass transfer and by the first electron trans-
fer. There were observed two regions of the constant diffu-
gsion c:tiiterie [Ip/(cACN ') Ir/c E‘ with ¢ “A. <018 cypoy
moler1™ and [(Tp/cyon VW) oco, 11/ L p/epey Ws0.1] »

~[(IW_70ACN)C‘O 1]/[(Ip /CACN)c>O 1]~2. From the criteris
values the total number of electrons accounted for 1 mole of
acrylonitrile, which changes from 2 to 1 within 0,7 mole/l
range. Conversion from the two-electrons process to the mono-
electron one is associated with a change in the reaction di-
rection. In the range of ¢,nyS 0.1 mole/l the main reduct-
ion product is propionitrile and with Cpon= 0.1 mole/1 it is
adiponitrile. The probable mechanism of the reaction can be
presented by following scheme:
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g (Intermediate) —Se CF ,CHCN

CH,=CH~CN —
® 2)4CF

It was found that the range from the propionitrile: syn-
thesis to the ayntheais of ediponitrilé entails retardation
of the reaction (AE~0.1 V). From the data obtained from the
propionitrile synthesis range, where the peak' potential in
the first approximation is independent of Ciopr VO estimated
the values of the heterogeneous transfer rate constants at
E=0V.

(Intermediate) —w= % CN(CH

Table 1

Apparent rate constants for electroreduction of cyclonitrile
with E=0 V and the zero charge potential values on cadmium,
lead and mercury

16 -1
Electrode Background K9, «10'° cme®T'| Zero chaxi’
h ’ potential,

Mercury 0.2 M (0439)4NI 0.15 -0.19
Mercury 1M NaZHPO4 1.25
Lead 0,55 M K2HP04 3.0 -0.59
Lead 0.05 M, HPO4+O.02 M

(CyHg) 4N 3.0
Cadmium 0.05 M HPO4+O.02 M

(C H ) 9,90
Cadmium 0. 05 M KZHPO 17.00 -0.82

It can be seen that with E=const the reaction rate in+
creases in the electrodes' geries Hg<Pb<Cd. According to
/1/ with caonS 0.1 mole/l the acrylonitrile elsctroreduct-
ion on cadmium proceeds in the desorption peaks zone of the
depolarizer, while on mercury it proceeds cathode wise, The
rate constants given in the Table 1 calculated without re~
gard the adsorption are most likely to be apparent values.Ao-
cording to the theory of electroreduction of organic subs-
tances from the absorbed state /2/ they should involve adson
ption parameters of initial, intermediate and final states.
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With regard to /1/ on the K2HP04 background, the rate cons-
tants ratio on cadmium and mercury are also close to the oc~
cupations ratio for these electrodes within the electrore-
duction range (Ko app th gpp [~} d/GH82514.0n,ﬂm one hand,
it points to the prevailing contribution of the initial sta-
tes, which to our opinion is caused by the closeness of the

'adsorption perameters and by the small surface concentrstions

of the intermediastes that aere initiel discharge products of
acrylonitriles On the other hand, it seems that it is suffi-
cient to conslder differences in adsorption properties to ex-
plein the differences in the electroreduction rate of ACN on
cadmium and mercury,

In the final anslysis the difference of (K )%PP on
cadmium and mercury in the range of propionitrile synthesis
is attributed basically to the fact that the degree of the
cadmium occupation by the depolarizer is by one order highexn
compared with mercury. The latter, in turn, is defined by
the difference in the zero charge potential and in the elec~
trodes hydrophility. It is believed that occupation degree
of the lead electrode in conformity with its zero charge po-
tentisl holds the intermediate position between cadmium and
mercury.

In the range of °ACﬁ=0‘1 mole/l the potential of the
peaks of the electroreduction shifts to the negative side end
as & result of that, acrylonitrile synthesis on the phospha-
teg' background, at least on cadmium and mercury proceeds in
the area of depolarizer desorption.

Tetraalkylammonium cations extend the range of acrylo-
nitrile desorption and, depending on concentration and length
of the hydrocarbon group, these can both retard and accele-
rate the process. The pogsible mechanism of their action is
discussed.
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THE THEORY OF THE PROTONIC ACID DOPING OF POLYANILINE WITH
CHANGEABLE LEVEL OF OXIDATION

L.I.Daikhin

A.N.Frumkin Institute of Electrochemistry USSR Acad Sci
Moscow

H.Reiss put forward the one-dimensional lattice model
/1,2/ of the protonic acid doping of the emeraldine. This
model is limited by the situation in which the average state
of oxidation (1-y) is firmly restricted to' 0.5. It allowed to
consider, that all nitrogen atoms are equivalent with respect
to adsorption of protons. In ref. /1,2/ the pH dependence of
the proton doping of emeraldine was obtained.

But in the electrochemical system the. change of the
potential drop (E) results in the change of oxidation Jlevel
and, hence,itinfluences on protonation. Therefore, it is
interesting to consider the process of protonation with the
changeable level of oxidation. Here a particular case of that
probliem will be considered.

Let's assume. , that the initial structure is a
one-dimensional chain of the completely reduced polyaniline
(structure 1A). A1l of the nitrosen atoms are equivalent with
respect to adsorption of protons. As well as in ref. /1,2/ ,
repulsion between protons on addacent nitrogen along the
chain is assumed. The oxidation process is considered as the
escape of one electron from the benzenoid ring to the metal
(adsorption of the positively charged hole). Let's suppose that
two holes on nearest rings repulse with the infinitely Jlarge
energy. In addition, it is clear, that proton can not adsorb
on the nitrogen, being near the charged ring. Therefore,
proton and hole, being on the nearest elements of structure,
repulse with infinite energy. For simplicity, we shall
consider, that the energy of repulsion of two protons on
addjacent nitrogens is infinitely large and the other
interactions /1/ do not take place.
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Thus the model is as follows. There are the sites of two
types on one-dimensional chain - nitrogen atoms and benzenoid
rings; protons adsorb on pitrogen atoms and holes adsorb on
the rings. A1l particles. beins the nearest neighbors,
repulse with the infinite energy. This system is in
equilibrium with the strong acid solution and the metal. For
given E and pH, it is necessary to find the coverage of
protons (81) and holes,(ez) .The problem is treated the best
in the grand ensemble, and the relevant partition function
can be evaluated with the aid of an appropriate transfer
matrix. The free energy on one pair of sites(nitrogen atom and
ring) of the chain is given by

_ 1/291/3
flzy,25) = 1/3 + [—q(z1.22)/2 + [0(z;.2] ]

+

. 172,173 .
+[—q(z1,zz)/2 - [e(zy,2)] ] )]

Here ’q(z1.22) = ~2/27 -(z1+22)/3‘-z1z2 H

P(z1.22) -1/3 - Z, ~Zy;

DD(Z],ZZ)/3] + [q(z‘,zb)lz] H

zy = exp(u1/kT); 2z, = exp(gzlkT)

Q(Z1.22)

Here H1 -chemical potential of the proton in the polymer, and
uz —electrochemicql potential of the hole in polymer.
As the system is in equilibrium, activities 7 and z, have
the form: z, = K]exp(—Z.S pH) and z, = Kzexp(eE/kT). Here e
is the modulus of the electron charge, K1,K2 are constants.
from ean. (1) ,the expressions for 91 and 92 can be
obtained. The coverages G1 and 62 show with little activities
Z4 and 123 (z1<<1. zz<<1) the following behavior

~ 2 2
61~ Z4 [1 - 321 - 222 + 321 +4z,2, + 22, ]

8,7 2, [1 - 2zy - 3z, + 22% v 4z2y2, + 322 ] 2)
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TEMPERATURE EFFECT ON THE ADSORPTION OF THE HOMOLOGUES OF
ALTPHATIC ALCOHOLS AND ACIDS

F.I.Danilov, V.B.Obraztsov, Yu.A.Parfjonov
Dnepropetrovsk Chemical Engineering Institute

The 'temperature-adsorption method was used to study the
adsorption of aliphatic alcohols and acids having a linear
structures on the polycrystalline zinc (ZBE) and cadmium
(CBE) blade-cutted electrodes. It 1s shown that at various
temperatures the free energy of adsorption of acids and
alcohols on ZBE and CBE depends linearly on the methyl
group number

AGo=A(AGD), + A (AGT), (1)
where n,A(AGy), and A(AGy), are the number of methyl groups,
the contributions of the functlional and methyl groups
respectively. Independently of the electrode and of the
functional group nature the values of A(AG)),  were
approximately the same and that of A(AG]), increased in
Hg,Zn,Cd series going from aliphatic alcohols to acids.

The adsorption free energy change resulting from the
various types of the interactions in a surface layer

A=B*RsT 2)

practically remeins constant with the temperature varying
while the adsorption of alcohols on ZBE and CBE that is
an/8Tx0. In the case of the carboxylic acids (Fig.1)
oA/8T<0, and oA/aT>0. A8 |#A,/8T|>>|oA /0T| the whole
effect of the change of A with temperature 1s practically
related to the specific interactlon of the carboxylic group
with ZBE or CBE surface. With increasing of the chain
length of acids the slope of the A,T-relation reduces
(Fig.1) due to removal of the functional group from the
electrode surface and weakening of its interaction with
the electrode.
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VeI mat! Fig.1. A Dependence on temperature
— under the adsorption of alcohols (&)
6 o=~ =~ and acids (b) on CBE: 1-propyl alcohol,
N\ ?%‘j butyric acid; 2-butyl, valeric acid;
o 3-amyl alcohol, caproic acid; 4-hexyl
300 30 " 300 207K alcohol,enanthic acid;S-caprylic acids
acid; S-caprylic acid.
The data received and presented in Table 1 show the
adsorptions of alcohols and acids on ZBE and CBE to be
exothermic processes accompanied by entropy increase. The
dependence of the thermodynamic parameters of AHg, AGy and
T*Ase on the degree of covering 18  linear and, unlike al-
cohols, where T*Ase doesn't depend on ©,1in the case of the
carboxylic acids the entropy reduces with the increase in
the degree of covering.
Table 1.
Thermodynamic’ parameters for alcohols and acids on CBE

Surtac|-A(AG°)* -4 (46 )*|-A( —A(AR® ). 1PA(ASC)*| A (ASO)*
tants | kJ/mdi’ k5/ : kJ%i‘ ki/mot | kirmel | ks/e81:

e -

Alco- 0.6 3.3 2.2 0.6 3.6 3.2
hols .
Acids 5.6 3.1 9.1 1.5 9.7 3.2

*All the values were received at 296K.
The enthalpy of the adsorption increases when going

from alcohols to acids and to a lesser degree on the chain
length. The role of the entropy factor of the adsorption
becomes greater with the increesse in the homologues' chain
length and in the case of alcohols at n>3 this factor makes
the main contribution into decreasing of the adsorption free
energy value. For acids the exothermicity of the adsorption
18 considerably higher and that’s why the contribution of
the entropy term becomes appreciable only at n=6.

The effects observed are accountable ~ within the scope
of the statistic-thermodynamic theory of the hydrophoblc
hydration of organic compounds in aqueous . solutions in
combination with the theory on the double electric layer.
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when z, and z, are large (z] >> 1 ; Z, >> 1) and 21: Z;
we have

. 2/3
9‘~ [1+(221-z ]

2/3
)/3(2122) ]/3[1+(z1+22)/3(2122) H

2
62: [1+(222—z1)/3(z122) ! ]/3[1+(z1+22)/3(z122) ] (3)
There are polarons and elements of the 15' structure in
the system in second case. From ean.3, it can be seen that
the coverages 61 and 92 are near 1/3.

when activities are large, but z,<<z, ,we find that B]—» o
and 92—* 1/2 .Appeared in the 1last case structure can be
considered as polaron lattice.
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THEORY OF NONLINEAR OPTICAL RESPONSE OF THE ELECTROCHEMICAL
INTERFACE: SECOND HARMONIC GENERATION

P.G.Dzavakhidze, A.A.Kornyshev, A.Liebsch, M.I.Urbakh

Ceorgian Technical University, Tbilisi
A.N,Frumkin Institute of Electrochemistry, USSR Acad. Soi,
Moscow

Inatitute of Solid State of Remsearch Centre in Jtilich,
Jlilich, Germany

Tel Aviv University, Tel Aviv, Israel

The dominating contribution to the optical second
harmonic generation (SHGY from the metal/electrolyte
interface is given by the electronic subsystem of the metal.
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The study of electromodulated signals outlines the
contribution of the narrow interfacial region. Thus, SHG is
regarded as an ideal prohe of the surface electronic
properties; other degrees of freedom are “seen” in SHG only
via their influence on the metallic electrons,

We present and discuss the results of new theory /1/of
(SHG) at the metal electrodes developed on the basis of a
Jellium model for the metal in contact with the electrolyte
/2/. A continuous picture of the. interface 1in the lateral
piane is employed. Thus, the theory gives a description of
the background signal and it is not related to “azimuthal
flowers" observed in connection with adsorbate superiattices
of different symmetry /3/: only the case of delocalized
adsorption is studied when we invoke the adsorption into
consideration .

The theory predicts the aohbserved asvmmetry of SHG
patential dependence: weak dependence in the anodic range and

rapid rise in the cathodic range /4/. The rise is shown  to
become steeper with the field induced adsorption of anions
12/, '
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THE ELECTROREDUCTION OF NITRATE-ANION ON SINGLE
CRYSTALLIKE SILVER ELECTRODES

N.V.Pedorovich, S.V.Tkachenko

Moscow State University, Moscow

In the few laast years some kinetic regularities of the
reduction of nitrate-gnion /1,2/were congidered 1in the view
of the theory of electrochemical reactions, the kineticas of
which is determined by the slowneps of the stage of the si-
multaneous transfer of eleotron and proton of different na-
ture /3-5/. As donors of protons in the elementary act of
discharge can teke pert the adsorbed moleculesof protonic sol-
vents, ammonium and hydronium cations, and the molecules of
water, which are a part of the primary hydrate sphere of po-
lyvalency cations. On the example of the reduction of perbro-
mate and bromate anions it was shown, that in the case of
participation of adsorbed water in the limiting step of dis~-
charge, the rate of the reaction of the reduction of anions
increase with the growth of the hydrophilityof metals /2-5/.
In accordance with that, it is possible to draw a conclusion
about a stronger or weaker hydrophility of the electrode,when
comparing the rates of electroreduction of anions, the ele-
mentary act of reaction consists in the simultaneous tran-
8fer of an electron and a proton from the molecules of water,
which are adsorbed on the surface of the electrode. However,
at present time there are no simple data on the hydrophilic
properties of polycrystalline silver, as well as on its
single crystal faces /6/.

The kinetice of the reaction of the nitrate-anion elec~
troreduction was investigated using the method of a disk ro-
tating electrode on crystallographic faces (100) and (111)
of single crystalline silver in supposition of the slowness
of the stage of the simultaneous transfer of an electron and
& proton from proton donors of different nature.In accorden=-
ce with the theory of the electroreduction of anions, in the
limiting stage of diébharge of which take part proton donors,
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the following regularities of the reduction reaction were de-
termined.

1. The dependence of the discharge rate of nitrate-eni-~
on to mitrite-anion on the potential of electrode face (100)
has a maximum of the current at positive charges of the sur~
face of the silver electrode, and a minimum at the negative
charges, at the same time it was observed that with the in~
creass in the indifferent eloctfolyte concentration thare took
place a decrease in the discharge current in the field of
positive charges and an increase at the negative charges of
the electrode. At the potential of zero-charge the rate of
the reaction does not depend on the indifferent electrolyte
concentration (Fig.1). On the face (111) of silver electrode
the reduction of nitrate-anion proceeds only at high catho-~
de potentiala.

ifmAom™
10
. Fig.1¢
1
5 Dependence of rate of elec-
troreduction of nitrate-anion
L on the Ag(111) and Ag(100),
05 1.0 -E/V

2. Total charge of the anion and the proton donor - the
adsorbed water molecules, determined from the experimental
data is 0.85%0.05.

3. The rate of the reaction increases with the growth
of proton-donor properties of different donors of proton,for
example, at the transition from water to cations of ammonium
and hydronium-ions.

4, On the grounds of the difference in the rate of the
reduction of nitrate-anion on silver faces (100) and (111),
when the adsorbed molecules of water act as the donors of
proton in limited stage of discharge, it is possibly to make
a conclusion sbout a greater hydrophylity of face (100) in
comparison with face (111).
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ON THE EXISTANCE OF ADSORPTION IR HALOGENOUS
MOLTEN SYSTEMS

G.A.Geloyani

Institute of Inorganic Chemistry and Electrochqmistry ot
the Academy of Sciences of the Republic of Georgls, Tbilisi

In the course of investigation of anodic ©processes,
which take place in boron containing halogenous molten sys-
tems an interesting experimental fact was discovered. Par-
ticularly, on the chronovoltamperograms two maximums can be
gseen (anode: carbon-glass ¢ = 1-2 mm, the melt consists of
KC1-NaCl and KBP4). The potential of the first maximum de-
pends strongly on the rate of anode potential scenning and
varies in the ranges: from +0.350 V (at v=100 V/g) to +0.0655
V (at v=0,001 V/g). The potential of the second maximum
lies in ranges from +0,900 V to 1.000 V at the same anode
potential scamning rate (Pig.1). '

Similer investigations have been carried out for the
equimolar KC1 -~ NaCl melt with NaF additions. The amount of
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F~ in sdded NaF was the same as that of F~ in potassium tet-
rafluoroborate, added in the previous experiments.The poten-
tial o0f the maximum for KCl - NaCl + NaF melt,coincides with
the potentisl of the max;mum for KC1 - NaCl +-KBF4 melt.

2

0

Fig.1. Cyclic chronovoltamperometrical dependences for
anodic processes in systems: 1 - KC1 - WaCl + KBF4; 2-KC1 -
~ NaCl + NaF, Anode: carbon-glass; V = 4,0 V/g; T = 973 K
reference electrode: Pb/Pb2+~ helium atm.

?

Analysis of the first maximum in ip/V-V plots yield a
gtraight line at V3> 1V/g, 1t was determined, that its
height remains constant through all the investigated KﬁF4
concentration ranges.

A further invesgtigation of the second maximum (electro-
lysis with enode gas accumulation, IR spectroscopy analysis)
shows that at the potentials corresponding to the second
maximum, tluorine anions oxidization takes place.

Ag ror the rirst maximum, from the described above we
can conclude, that it is of adsorptive origin.

in this cage, the i_ /v value will cheracterize the ad-
sorption capacity of the electrode surrace at the potential
of the rirst maximum, which can be evaluated as t:l-1()'3 P.

We also want to report the conditions of the experi-
ments. The experiments took place in quartz air-tight cell,
in helium. Tno:malta?‘centniner - a carbon-glass melting pot,
gerved also as a cathode, The carbon-glass bar was used as
an anode, The experiments took place at 973 K.
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THE ADSORPTION OF TIROZINE CATIONS ON THE BISMUTH
(PIANE 111) AND MERCURY ELECTRODES

S.I.Gilmenshing, G.D.Shilotkech, G.4.Dobrenkov
S.M.Kirov Kazan Institute of Chemicel Technology, Kazan

The adsorption behaviour of tirozine aromatic aminoacid
(pK, = 2.2 (COOH), PK, = 9.11 (NH;) ) has been studied in the
wide range of potentials in the acid medium pH=1.3 on the
background of potassium éulphate by the method of differen-
tial capacity and redioactive indicators (RI) according to
Kazarinov's method /1/. (The radioactive sample marked by
isotope 140 has been used.) The tirozine under investigation
is present as catioms.

According to the RI method data two adsorption regions
are characteristic of the adsorption of tirozine cations (7T)
on the bismuth electrodes (BE): Fm = 1;9'10'10 (the p.z.c.
region where q> 0) and rm = 3.2.10""%nole/cm? (where @0),
the second adsorption region being considerably transferred
to the cathode region. The independence of the adsorption on
the electrode potential has been fixed in the anode region.
The depression of capacity takes place on the C,E~curves of
BE: O = 14.08 p¥/cm® where E = =0.1 V (p,z.c.). The capa~
city curves at all concentrations of additives remein Tlower
than the background curve in the anode region.The process of
hydrogen evolution takes place in the acid medium at the ca~
thode polerizetion of BE, which makes it impossible to ob~
tain the differentiel capacity curves in this region of po-
tentials, The total curve of the differential capacity has
_ been obtained on the mercury electrode (ME).In this case iwo
minimume appear on C,E-curves: CI = 14.28, where E = «0,1 V,
end ¢l = 11.90/uF/cm2, where E = =0,5 V (p.z.c.). According
to the RI method data, the second minimum is situated at the
same potentials, relative to the p.z.c. of the electrode as
the second adsarption region on BE. Both anode and cathode
peaks of desorption are absent. With sufficient cathode po-
tentials C,E the curves with additives coincide with the back-

6 43




ground one. In the presence of the pomitive charges of the
surface the cepacity curves with SAS remain lower than the
background curve, not coinciding with the latter.

On the basis of the calculation of ionic -adsorption,
taking into consideration the date of the RI method, the
supposition of availability of reorientation changes in the
adsorption monolayer, dependent upon potential of elsctrode
has been made. The cathode branch of experimental curve of
differential capacity has been described using Damaeskin's
isotherm, taking into consideration the charge of organic
adsorbate /2,3/. Prumkin's isotherm has been used for the
description of ancde branch C,E the curve and the region
PeZ.C. A good agreement of experimental and calculated cun-
ves of differential capacity ME has been obtained for the
maximum concentration of additive., At the same time the re-
gion of the second minimum on the calculated curve is some=
what transferred towards higher cathode potentisls., It ia
supposed that the process of cathode discharge of hydrogen
narrows the region of adsorption on the experimental curves
with these potentials. For the RBE ‘the calculated C,E=curve
has also been obtained, The degree of filling has been de-

" termined upon the data of the RI method, according to /4/.
There is g second minimum on the calculated curve BE that has
not been experimentally fixed. The parameters of adsorption
havebeen obtained.
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ON POSSIBLE RELATIONSHIP BETWEEN THE POTENTIALS OF START
OF PASSIVATION AND ZERO CHARGE OF TRANSITION METALS

V.P.Grigoryev, O.N.Nechaeva, V.E.Gorelik, A.A.Popova

Institute of Physical and Organic Chemistry, Rostov State
University, Rostov-on~Don

The existance of a possible relationship between the
potentials of the initial stage of passivation (Eps) and
those of the zero charge (E =o) of trangition metals has
been discussed, Some ideas have been suggested as to the
conditions favorable for the appearance of active particles
in a given solution whose adsorption on the metal surface
leads to its transition into a passive state. The emergence
of such particles is possible when there is a certain shift
of the metal potential relative to Eq=0. In this case, a
quantitative charscteristic of the surface charge can be re-
presented by the potential of the passivation start ?5' in
the Antropov scale

-E . 1

Pps = Zps q=0

For transition metals, in case there is no significant
gpecific adsorption, one may, with a certain approximation,
expect the above-mentioned shift to be independent of the
nature of the metal for a given solvent, while the presence
of the specific adsorption should lead to more complex re~
lationships. Some equations have been obtained and verified
experimentally that relate the potentimls of the initial
passgivation of metals with those of the zero charge. Two
cases have been considered.

1. The nature of the solvent L is constant while that
of the metal M changes. In this case

L L L
' =, E’ + const + A : (2)
M, ps ~ M,"ps MM, MM,
where comai;M2M1 # £(L) and A#2M1 represent the specific

interaction between metal and solvent. When the effecta of
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such an interaction are equal or close but their signs are
opposite, we have particular case of dg'l‘ M. = 0.In this case,
the potential difference for’the passiva%i&n start of two
metaels equals that obteined for the zero charge of these me-
tals, The validity of this statement has ‘been exemplified
using both literature data and our results for aqueous,organo-
aqueous and organic (both aprotic and protic) media by a num-
ber of systems for the following metal pairs: Ni-Ti, Fe-Ni,
Ta=Nb, W-Ta, Ti-Nb, Ta~Ti, Moc~W, W-V, Zr-Mo, W-Mo., The data
listed in Taeble 1 partially illustrate this situation. In
calculations, the reference-book values of Eq=0 were used.

Table 1
Values of Eps’ M2M1AEps and M2M1AEq=O for various systems

Conditions, Eps M2M1AEp57V M2M1AEq=O’V
medium M M
1 2
M =N, M,~T1 ~0.45
M B SO4+X %
orgaﬁic golvent (0S)
X=0 +0,20 ~0.20 ~0.40
X=12 % dimethylfor-
mamide (DMF) +0,40 -0,05 -0.45
X=40 % DMF +0.52 +0.10 -0.42
X=55 % DMF +0.56 +0.15 -0.41
X=40 % acetone (Ac)|+0,20 -0,22 ~0.42
X=90 % Ac +0.35 -0.10 -0,45
X=55 % Ac +0.35 -0.12 =0.47
M,-Ta, M,-Kb +0.10
0.1 M 1iC10,+0S
acetonitrild (AN) [+0.45 +0.52 +0,07
propylenecarbonate
(ch +0.45 +0.50 +0.05 -
DUE 40,25 +0.30 +0.05

2, The nature of the metal is constant while that of the
golvent varies. The relationship between the potentials of
the passivation start of a given metal M for two solvents L
and P is given by
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MEﬁs = MEis + constL’P +»A§’P , (2)
L,P

where constL’P # £(M) and Ay characterizes the interac-
tion of solvents L and P with the metal.

Clearly, in a genersl case, there must exist a rather
complex relationship between the E_ values of the given me-
tal in solvents I and P. However, if the total effect of the
gpecific reaction of L and P with M is zero or close to it,
then the difference between the potentials of the start of
metal passivation in the two solvents is determined by the
nature of these solvents and it does not depend on the nature
of the metal, see Table 2.

Table 2
EgéL values for gome metals with different
solvent pairs

L-P M AEig, v|] -7 M AE g ¥
2 M H,S0, 0.1 M LiC10,
H,0-55 % DMF] Ti | +0.35 Et-Met Ti 0.25
Wi ] +0.35 i1 0.23
Hy0-40 % AN | Ti| 0.00 7r 0.23
Ni | +0.05 Mo 0.25
56 % DMF- 74 | -0,27 4 0.35
-55 % AN Vi | ~0.21 Pr-Met B 0.34
0.1 ¥ Li610,
AN-PC e | 0,00 7r 0.31
W | -0.02 Mo 0.34
AN-Ac Ta | -0,05 But-Met T4 0.51
W | -0.06 b 0.44
AN-DMF Ta | -0.20 Zr 0.46
M | -0.22 Mo 0,51

The approach proposed rests on the notion of the ad-
gorptional chemical interaction between the solvent and me-
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tal surface, and, clearly, its applicability islimited, Pri~
marily, it is valid in case of the transition metals in the
abgence of phase films and only in the initial stage of the
passivity when the firgt~order chemisorption  takes place,
which is mainly determined by electrostatic nonspecific for-
ces., A stable passive state is associated with deep trans-
formations on the metal surface and with the - second-order
chemisorption.

In this case, the dominant role belongs to the specific
forces of the M-L interaction and, sccordingly, the sbovede-
scribed systems will be described by more complex relation-
ships.

MODELLING OF ADSORPTION LAYERS OF ORGANIC COMPOUNDS
ON BISMUTH AND MERCURY ELECTRODES

L.T.Guseva, Y.M.Vyzhimov, G.A.Dobrenkov

Kazan Institute of Chemical Engineering and Technology,
Kazan

Identification of adsorption parameters of organic mole~
cules and iona on electrodes is closely connected with the
usage of physical and molecular models of adsorption 1layers.
One of the possible ways of the approach given in this work
/1/ for monomolecular layers was used to characterize a num-
ber of molecules at potentials of maximum adsorption of subs~
tances /2-4/.

In the proéent work, the method discussed was applied
to the cases of adsorption of combinations characterized by
different hydrophobic properties and by the presence of aro-
matic fragments in molecular chain in the case of £illing
the electrode surfaces @ - 1 and @ - 0.6.The characteristic
 potentiala of differential capacity curves E  and E® (cathode)
have determined the experimental values of the electrode
charges, the corresponding values of surface filling were ob-
tained by capacitance and radiocisotopic methods /3,4/.
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The results of the coordinating experimental data (ex-
periment) and theoretical calculations (models) are given
in the table for bismuth (monoerystal, plane (111) ) and
mercury electrode.

Table 1

Values of total capacitance in aqueocus solution of 0.1 N
Ne,S0,. Dy=13.2 (£=-2.0 pCeom™2); 8.8 (£=13.0)5 d,=3.5(4),
Dn-2.2, BP(OH)=23.4 (B), 11.8 (4); DP=(COOH)-12.4 (1)

N combination Bi (type of model)
E E® Notes

-] Kex % 9 Ke_x &
o] H“OH(AS) 0.98 | 7.0 7.5 | 0.4 | 12.2 | 11,8
2 CgH ,OH(0S) [0.99 | 7.0| 6.4 | 0.6 | 13.713.7
3 -C"G‘H4(OH)COOH 0.90 | 11.8 | 11,1 | 0.6 | 13.5[ 13.5 DP-BO
----- PEEREEE B T P I "

Hg (type of model)

CgH, 40H 0.90 | 6.4| 5.1(8)0.4 | 12.0 [ 11.9
CgH, (OR)COOR |0.61 [12.7 | 12,0 | 0.5 | 18.6 | 18.6|Dga7,4
(CHy),(COOH),[0.78 | 9.1 | 9.8 | 0.2 | 3.8 13.9
(CHy)g(om), 0.99| 7.0| 7.4 | 0.4 | 11.8]11.6

S

As in work /1/, two models of adsorption layer were
considered for plane - oriented molecules:

K= K(1~-0)+ Kplp + K.N(1 - OP)O (model A)
and for vertical - oriented molecules:
K=K (1 =0)+ OK?IR/(KN + K’P) ’ (model B)

where the experimental and model total capacitance are con-
nected with the values K = / E, - %; (experiment) and Ky =
= D,/0.1134, (for water interlayer),. but Kp and Ky are amalo-
gous values for polar and nonpolar freagmemts of the adsor-
bate being modelled with the corresponding ocontributions of
su;'faee parts occupied by their Op and -0’.

The results contained in the Table 1 pay our atteation
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to the arrangement of polar and nonpolar groupes in adsorp-
tion layer and to the character of their interaction ~ with
the charged surface in conditions of various degrees of il
ling of the surface O by water and adsorbate molecules.
In most cases given (carbon oomposition'cs-ce), the
plane orientation of molecular chains on the surfaces of

‘both electrodes in a wide range of potentials (’Em - E®) pre.

dominates. It should be emphasized that such an orientation
is revealed also for the molecules with one polar group (AS,
0S) and two polar groups.

In case of adsorption of salicylic acid, the. presence
of benzoic radicals leads to specific effects in orientation
of polarization of molecule fragments (experiments 3).While
the arrangement of all groupas of atoms an one layeris being
observed on the mercury surface, on bismuth model (B) ia be-
ing used, according to which the dense layer appears %o be
a total combination of two parallel capacities, with sepa-
rators as groups of benzene radical KN turned to its edge,
and hydrated polar groups K? « Polarization of both atom
groups can be observed simultaneously in the region of ne-
gative charges of electrodes (see notes).

During adsorption of moleculeas of octyl (exp.2) m bis-
muth there seems to be no tendency to formation of g¢onden~
ced adsorption layers on fillings & —1, as 1s it stated
for the mercury electrode /3/.
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FORMATION AND PROPERTIES OF POLYPYRROLE AND
POLYTHIOPHENE FIIMS ON Pt AND Au

A.Hallik, N.A.Nekrassova, A.Alumaesa, J.Tamm
Tartu University, Tartu

Electrochemically polymerized conducting polymers have
aroused a considerable interest /1/. The  electrochemical
properties of polymer films obtained anodically are strong-
ly affected by many factors such as the nature of the elec-
trolyte =species, solvent and the anode material, tempe-
rature, applied potentisl and so on./1/. To either func-
tionalize or improve their physical properties, various
derivatives of gimple heterocyclic monomers amd inorganic and
organic anions as dopants are used /1,2/,In the present work
we studied the properties of polypyrrole amd polythiophene
films synthezised on Pt ard Au from acetonitrile and aque-
ous solutions paying attention to the influence of the na-
ture of the counter-ions.

Polypyrrole and polythiophene filma (0.1-1)un)nme de-
posited onto & Pt and Au wire and disc. The following elec-
trolytes es dopants were used: NaClO4, sodium dodecylsulfa-
te (DDS), disodium dihydrogen ethylendiaminotetraacetate
(EDTA). We used cyclic voltammetry,AC conductivity jump es-
timation in solution at high frequency (12 kHz) for charac-
terization of the relative duality of deposited <films and
conductivity measuring on the thick free standing filma
(710,bm). It was estimated that the location and depth of
the conductivity jump depend on various factors and in ge-
neral the potential region where the jump tekes place dees
not coincide with the maximum potentiasl on voltammogr-la.‘

The cyclic voltammetric and conductivity study shew a
peculiar electrochemical behaviour of deposited films doped
with big anions. There is a ground to propose that upon re-
duction, instead of counteranion removal from .the film,ca-
tions are incorporated in order to preserve electrical neu-
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trality in the resulting uncharged polymer /3/. Thusg,the pa-
rameters of voltammograms obtained in various electrolytes
strongly depend on the nature of the cation. Hereby, in the
cage of the films doped with EDTA the capability of the ca~
tion teo form a complex with EDTA is an importent factor that
determines the electrochemical film properties.

In generel, the incorporation of cations in the film is
connected with high kinetic resistance and determined by
their hydrated radii. So, the reduction of polypyrrole film
doped with dodecylsulfate in the solution of (C4H9)4N3r is
possible only by prolonged polarization at high negative po-

tential (-0.8 V va Ag/AgCl in water). Iikewise is impeded
the removal of (C4H9)4N+-cation from the film during its
oxidation. It takes place at potential valuesg 0.7 V more po~
sitive than in the case of the Na*-cation., DDS as a dopant
with & long hydrocarbon chain is very strongly bound with
polymer £ilms and'ob#iously cannot be removed in the course

of the reduction process.
The conductivity measurements of the film, both in the

golution, and in the free standing state show that conducti-
vity remains relatively high after reduction and incorpora-
tion of cations.

The incorporation of a cation, in particular during the
first reduction cycle of the synthesized film, brings about
essential changes in the film morphology.Obviously, they are
larger than in the case of the reduction connected with the
anion removing. For example, the potential of the reduction
current maximum on the first voltammogram <for polypyrrole
£i1m doped with DDS in (02H5)4N0104 solution ;s shifted in
respect of the second cycle 0.4 V in negative direction. It
is worth mentioning that there is a big difference in capaci-
tive current of oxydized film before and after the first
cycle, respectively. Probably, thia is connected with a dif-
ference in working surface. In all 1likelihood, in the
first cycle does not work the the total volume of the
£1lm, but only its external surface layer. By a proper
choice of a cation in solution it is possible to sepa-
rate the capacitive and non-capacitive current and to deter-
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mine the capacity of the oxydized film.For polypyrrole films
doped with DDS its value in NaClO4 solution after the first
cycle is 110 Pecm™ 3, independently of its thickness. Thus,
the whole thickness of the film participates in the recharg-
ing process.
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ADSORPTION OF CYCLOHEXANOL OK THE (111) AND (001)
FACES OF ANTIMONY

A.Jénes, E.Lust, R.Pullerits

Tartu University, Tartu

According to the experimental results /1-3/, the elec-
trochemical properties of a solid metal surface do not sig-
nificantly depend oﬁly on the chemical composition but also
on the crystallographic structure and electronic properties
of the surface of a metsl studied /1-3/.The bismuth and an-
timony are the full electronanalogues,considered as & semi-
metals which crystallize in the same rombohedral system with
the electronic structure of s2p3.

Differently from the bismuth single crystal electrodes,
in the electrochemical literature there 1is no quantitative
information about the structure of the electrical double
layer (edl) and adsorption of ions and organic compounds on
the antimony single crystal plenes, except our previous data
/4/. T™his is the second paper in a series devoted to the
study of the influence of the crystallographic orientation
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of antimony on the electrochemical properties of the Sb/so-
lution interface. We began this project investigating the
edl structure and parameters in the surface-inactive electro-
lyte solutions /4/.It was established thatthe difference of
gero charge values AEd=d>90meor the (001) and (111) single
crystal planes are somewhat higher than for the (001) and
{(111) planes of bismuth (AE6=05 70 mV)., The values of inner
layer capacities of the (111) and (001) planes at the sur-
face charge 0 =0 are 23,6 and,26.ZrF-cm'z,respectively.The-
se values are somewhat lower than for the (111) and (001)
bismuth planes and can be explained by the weaker hydrophy-
lity of antimony electrodes or by the higher contribution
of the metal phase to the differentisl capacity of single
srystal plane/surface-inactive electrolyte than to the Bi/
electrolyte interface /5/. The present paper is devoted to
a comprehensive study of the adsorption of cyclohexanol (CH)
on the antimony and bismuth single crystal electrodes and
polycrystalline (PC) ahtimony and bismuth solid drop elec~
trodes. The investigation of the adsorption of CH on the
(111) and (001) faces and ‘PC Sb electrodes was carried out
by means of the differential capacity C (impedance) measu~-
rements. The main adsorption parameters of CH,calculated by
the Frumkin-Dapasgkin theory /6/ are given in Table 1, where
the symbols have their usual meaning. Fabrication of the Sb
single crystal and surface preparation of the electrodes
have already been desoribed, as well as the capacity measu-
rement technique and preparation of the solutions /2-4/.

The C(E) and E°8X. ago(lgc) curves, given in Fig.1,and
deta in the Table 1 show a pignificant difference in the ad-
sorption properties of single crystal and PC Sb electrodes.
Ag for single crystal planes of Bi /3/, at high bulk con-
centration of CH (cgy>0.02 M) in the region of high nege-
tive charge, & sharp maximum is observed for the (001) and
(111) planes of Sb. The relative potential (E"*-E__.) of
this maximum moves towards the more negative values of E in
the sequence: Bi(001)< Bi(111) < Sb(001) < Sb(111) and can be
explained by the decreaéfng the hydrophility of electrodes
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in the same order. The height of this maximum (at ccﬂ=const)

increases in the gequence: Sb(001)<Sb(111)<Bi(001)<Bi(111)

and it means that the attractive interaction between the ad~
sorbed CH molecules clearly increases by transition from
Sb(001) to Bi(111). As shown in Teble 1, the adsorption ac-
tivity of CH is somewhat higher on the Sb/solution inter-
face, than on the Bi/solution interface,which can be explain-
ed by weaker hydrophility of antimony electrodes, compared
to that of bismuth electrodes /5/. The values of the concen-
tration of the organic substance correspdnding 8=0,5,adsorp~
tion equilibrium constant B and standerd free energy of ad-
sorption -AGX of CH are higher on the Sb{(001)/solution in-
terface, than on the Sb(111)/solution interface.According te

Fig.1. C(E) curves for SB(111) - a; Sb(001) - b and
PC Sb = ¢ electrodea in the 0.1 M aqueous solution of NaP
(1) and with additions of CH in concentrations, M: 2 -
0.02; 3 ~ 0.05 and 4 - 0,1, Dependence of the relative
potential Emax-EGEO of the desorption maximum on the 1lgec
of CH (d): 1 - SH(001); 2 - Sb(111); 3 ~ the first peak and
4 - the second peak for the bifurcated desorption maximum
for the PC Sb electrode.
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the criteriams of /8/, the experimentally determined adsorp-
tion energy is the difference between the adsorption ener-
gies of organic compound and water. Respectively,the metal/
water interaction increases from Sb{111) to SH(001) or from

Table 1

Adsorption parameters of cyclohexanol on different
Sb and Bi electrodes

Electrode a, c', °O=o;5’ Bo’ -AGK, EPaX-EGEO,
pFeen 2l |awdemole”kdemole™!| v
(0.1 M ¢CH)
sb(111) |1.10} 3.9 [0.0071 41 18.9 0.935
Sb(001) |0.95| 4.4 |0.0051 68 20.1 0.840
PC St 0.65| 5.4 |0.0090 56 19.7 0.890
BL(111), [ 1.83] 4.0 |0.0091 20 1741 0.830
B1(001) 1.49| 3.8 {0.0084 34 18.5 0.72%
Pe BY/T/ 11.65| 3.7 {0.0089 23 17.4 -

Bi{111) to Bi(001). But this conclusion is valid, provided
the adsorption of CH does not depend on the metal " and on
crystallograephic orientation. According to our previous data
/2,3/ the higher adsorption activities of the planes Sb(001)
and Bi1(001) than for Sb(111) and Bi(111) are mainly determi
ned by strong interaction between adsorbed CH molecules and
the surface atoms of Sb(001) and Bi(001), having unsaturated
covalent bonds /2,3/. The surface atoms of the Sb(111) and
Bi(111) planes are chemically saturated and the adsorption
of CH on these planes is purely physical.

As follows from Fig.1, the cathodic adsorption~desorp-
tion maxima at bulk concentrations of CH _o.o1<ccﬂgo.05 M on
the PC Sb can split into two clearly distinet independent ma~
xima with certain electrochemicel characteristics.The poten~
tial of the first peak of the bifurcated maximum ET°* is in
sufficiently good agreement with the Em&xofthephme 5b(001).
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The potential of the second peak E?I is more negative,than
E™X for the Sb(111) plane. Differently from the PC Bi' glec~
trode /3/, at high bulk concentrations of CH (CCH‘ 0.05 M),
only one peak on the C(E) curve for the PC Sbcan be observed.
The potential of this meximum is different from the E2X o

the planes Sb(111) and Sb(001) and the lower and broader maxi-
mumv' of the PC 8b lies between the peaks of the planes (001)
and (111). In the adsorption isotherms, calculated at themaxi-
mum  adsorption potentials, the typical characteristic bents
for the PC electrodes were observed.

On the basis of the C(E)curves and corresponding asdsorp-
tion isotherms it,can be shggested that on the surface of
PCSb drop electrode mainly two energetically relatively homo-
geneous regions with essentially different energies are dis-
tinguished.
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THE FORMATION OF THE QUASI-METALLIC LAYER
ON THE METAL-MOLTER SALT INTERFACE

A.I.Karasevskii, R.E.Krig, E.V,Panov

Institute of General and Inorganic Chemictry,
Ukr.SSR Acad. Sci., Kiev

The interaction of electrons nonhomogeneously distri-
buted on the boundary between a metal and a molten salt
forms the surface and effects a mumber of physico~chemical
processes on this interface. In the present work it is shown
that a quasi-metallic layer of the thickness of 3-5 £ may
be formed on the interface. The Thomas-Fermi-Dirac equation
determines the electrondensity distribution in the molten
salt:

n(z) = %ig(fo +ﬂ%3 + Y)3 R Y = Yo - y(z) , (1)

where t-l » {25¢®, y(z) 1s the potential is determined by
the Poisson equation, y, 1s the potential on the medium boun-
dary, s? is the static dielectric permeability of the mol-
ten salt in the near-to-electrode region. The evident form
of the thickness of the quasi-metallic layer is

a4 q
TS OO 3 ] @

The quasi-metal layer with a thickmess of ~3~5 R form-
ed in the medium near the metal surface is extremely inte-~
resting in our view. It should be noted that this layer is
considerably different from the macroscopic double layer
which formed at the metal-semiconductor boundary.A conside-
rable additional contribution to the decrease in the po-
tential energy of the electrons occurs due to-partial pene-
tration of the inhomogeneous metal electron gas into the
molten salt /1/. In this case, the Thomas-Fermi radius of
screening increases in the polar medium, which results in
the formation of the macroscopic quasi-metal layer.The thick-
ness of the layer is weakly dependent on o ,the bottom of
the conduction band, and strongly dependent on the dielec-
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tric permeability g! of the near-to-electrode region (Fig.1).

4
Fig.1. 12 ;//”'——————_——

Quasgimetallic layer thick- /

3
ness vs U® dependence at aif- 8 ;/””————_—__—

ferent ¢®: 1 - £®=3;2 - £¢%=4;
3 -g%=6; 4 - ¢®=8.
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The existance of a quasi-metallic layer in the near-to-
electrode region gives a new approach to the explanation of
the large width ( 3-5 X)ofthe area of adiabatic reactions in
the near-to-electrode region /2/,and the independence of the
constant of the reaction rate of the nature of themetal /3/.
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STUDY OF THE CHEMISORBED SURFACE LAYERS FORMED AT HIGH
ANODIC POTENTIALS ON THE FACES OF PLATINUM MONOCRYSTAL
E.V.Kgasatkin, E.B.Neburchilova, G.I.Kaplan

Karpov Institute of Physical Chemictry, Moscow

As we have shown earlier, the elsctrocatalytic activity
and selectivity on the faces of Pt monocrystal in ammenium
peroxodisulphate (PDSA) amd peroxodisulphuric acid electro-
synthesis are considerably higher than or the untextured po-
lyerystal (PC) /1/. The correlation between the current ef-
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ficiency for FDSA fermation and ceverage Dby the labile oxy-
gen chemisorbed on the surfeces with different structure
was found.Tt was interesting to study the influence of chemi-
sorption ef sulphate particles the intermediately formed on
the monocrystalline and polycrystalline electrodes on the ki-
netics of the peroxodisulphuric acid formatioen.

Using X-ray photoelectren spectroscopy we astudied the
electrenic structure amd chemical composition of the poly-
erystalline and monocrystalline Pt-gurfaces (111), (110},
(100), (311) efter anodic polarization at high anodic po~-
tentials in 12 N 32504. It was found that on the surface
there were present sulphur containing adsorbed particles
which were the intermediates of the peroxedisulphate ion
fermation. Analysis of Pt 4f core level spectra ghowed that
the increase in the atomic density in the order of electrod-
o8 PC <reconstructed (111) < (110) ¢ (311) < (100) correlated
with the growth of the Pt oxidation degree. This 1is in a
good agreement with the potentiodynamic data of the oxygen
chemigorption in 12 N H2804 (Table 1). So, we have a consi-
derable cathodic shift of the desorption potertials '(Edes)
of the first and third chemisorbed oxygen forms (according-
ly CO-1 and CO-3) in the adove-mentioned order of electrodes.
It, testifying the binding energies increase of these charg-
ed forms on the Pt surface, causes the decreage in the oxi-~
dated surface effective positive charge in the mentioned or-
der of electrodes.

Analysis of O1s and S2p core level spectrs showed that

the surface oxygen coverage increased in the order of elec-
trodes (100) < (311) < (111) <PC corresponded to the sulphur
particles containing decrease on the Pt surface. This is in
good agreement with tbe fact of the competitive adsorption
of intermediate oxygen and sulphate particles,thatinfluenced
the partial current densities for peroxedisulphuric acid for-
mation and oxygen evolution. Thus, the increase in the sur~
face coverage by sulphate particles in the order of elec~
trodes PC <(111) <(311)<(100) inelectrosynthesis correlates
with the growth of electrocatalytic activity <for the peroxo-
disulphuric acid formation.
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Pable 1
12 § HyS0,, £ = 10°C, B = 3.7V, 1 = 0.34~0.56 Acon™>

Pt anods structure

Characteristics

PC (111)} (110) | (311)] (100)
Current efficiency for
H,S,0q, % ' 42 48 51 54 60
i1{23208, A/cm? 0.18] 0.16| 0.22| 0.28| 0.33
S2p binding energies,eV | 169.3 [168.7 |168.6 [168.5 {167.1
Stoichiometry S-to~Pt 0.03] 0.04| 0.08| 0.06] 0.11
Eges CO-1, mV 537 [487 [463 |30  |250
Egeg C0-3, @V 620 {588 {570 532 |a74

It was found that the observed increase in the oxidated
surface effective positive charge correlates with a conside-
rable decrease in the S2p electron binding energies in the
order of electrodes PC<(111)< (110) < (311) < (100)(Table 1).
This corresponds to the decrease of the binding strength of
the intermediate sulphate particles with the Pt surface and
causes the acceleration of their recombination, that forms
3208-1ons. ’

Thus, the increase of the electrocatalytic activity for
the H28208 formation reaction in the order of electrodes
PC «(111) < (110) «(311) < (100) is related, on the one hand,
to the decrease of the binding strngth of the intermediate
sulphate species with the Pt surface in accordance with the
increase in 1ts atomic density, caused by the properties of
the surface oxidation layers, and on the other hand, to the
increase {in the reactive sulphate particles coverage of the
electrocatalyst's surface.
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THE IMPEDANCE OF IHE CATHODIC HYDROGEN EVOLUTION ON COPPER
IN ACIDIC SULFHATE SOLUTIONS

N.I.Kavardakov, V.I.Kichigin

Perm State University, Perm

The conclusions about mechanism of the hydrogen evolu~
tion reaction (HER) on copper made by some authors /I-4/
are contradictory., The amount of the hydrogen adsorbed
on copper in electrolytes is also controversial /5-6/. 1In
the present work, HER on copper in acidic solutions has
been investigated using ac impedance and galvanostatic po-
larization measurements, Some data on frequency dispersion
of the real component of Cu electrode admittance were re~
ported previously /I/, however, they are very incomplete.

The measurements were carried out on polycrystalline
copper (99.99 %) in deaerated solutions x M H,50, + (Z-x) M
NaQSO4, with x = 0,I ~ 1.0, at room temperature, The surfa-
ce of the copper electrode was electrolytically polished in
concentrated H3204. Before measurements, the electrode was
reduce§ inIM H2304 at the overvoltage 4 = 0.4 V for 2 h.
The impedance was measured in the frequency range from 20
Hz to 20 kHz.

The steady-state cathodic polarization 'curves of Cu
electrode in all solutions examined here have the Tafel
glope of I0S mV/decade, the constant a of the.rafel equa~
tion for I M H;_,SO4 is equal to 760 mV; these coefficients
are in agreement with reported data /2, 4/.

Four probable equivalent circuits (Fig.) were taken
into account in processing of the impedance data. The equi-
valent cirquit A corresponds to the two step electrode pro-
cess like the HER /7/. Model B is used quite widely /8,
9/ in describing the hydrogen electrode impedance. The mo-
dels C and D were employed in the study of the hydrogen
evolution impedance on Ib~-group metals, viz. silver (model
C) /10/ and gold (model D) /I1/. CPE in the equivalent cir-
cuit D is a constant phase element. The Warburg impedance
in models B and ¢ is attributed to the surface diffusion of
hydrogen /8-10/.,
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Fig. The examined equivalent circuits and the parameters of
the equivalent circuit A as a function of the overvoltage
of copper electrode in I M HySO,: (I) Rp; (2) Ry; (3) Cp.

The selection of the circuit which is in the best ag-
reement with the experimental data was carried out using P
test and residual analysis /I2/. As a result of computa-
tions the equivalent circuits B and C should be rejected as
they describe the impedance spectra unsatisfactorily. The
models A and D fit nearly equally well the experimental da-
ta in the range of the overvoltages 0.4 < 4 < 0.6 V. Since
the cirquit A has a more clear physical meaning, we accapt
it as the best model., Only at v £0.4 V the model D is more
preferable than the circuit A.

The relation between the parameters of the equivalent
circuit A and overvoltage for the Cu/I M 32804 interface is
shown in Fig. It was found that when the solution pH at a
constant overvoltage increases,the capacitance o((b decreases,
while resistances RI and R2 increase, and Ry increases more
rapidly than Rp. This r?sult shows that proceeding from the
HER on Cu electrode via the Volmer-Heyrovsky route is more
probable than via the Volmer-Tafel mechanism /I3/. The cal-
culation of the surface coverage of the Cu electrode with
adsorbed electroactive hydrogen by the procedure /I4/ shows
that  increases from 4-107% to 2.1073 while 4 . rises from
0.35 to 0.55 V. The obtained values of 8 are significantly
smaller than those estimated in /I5/ being very -similar
to those found for Au electrode /I6/.

lodide adsorption om the electrode surface in IM

63




HyS0, (when adding 107 - 1072 M KI) at = 0.55 V causes
the inhibition of the hydrogen evolution reaction and rai-
sing of RI and R,. In this case the ratio RI/32 and capaci-~
tance C, pass through a maximum when the iodide concentra-
tion increases,
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ELECTRIC DOUBLE STRUCTURE AND ADSORPTION AT ELECTRODES MODI-
FIED BY ELECTRON-CONDUCTING POLYMER FILMS

V.E.Kazarinov

A.N,Frumkin Institute of Electrochemistry, USSR Acad, Sci,,
Moacow

Electron-conducting polvmers svnthesized in the form of
free-standing films or covering a metal or a semiconductor
electrode surface have been attracting an ever growing
attention in view of combination of their unique properties
making them highly perspective for numerous applications: in
chemical and biochemical sensors and microelectronics, fuel
cells and electrocatalysis. batteries, capacitors. solar
. energy conversion, for protection of inorganic semiconductors
at photo corrosion, as f{on-selective membranes for a gas
separation. On the other hand, practical realization of these
perspectives is apprectably retarded because of an
insufficient stability of these materials. This shortcoming is
greatly due to the 1lack of adequate information on redox
reactions in these systems as well as accompanied physical and
chemical phenomena.

Though numerous experimental studies of electrochemical
behaviour of conducting polymer films have been carried out,
the theoretical description of these phenomena is stil]l based,
to 8 considerable extent. on an 1immediate application of
corresponding concepts derived for the traditional interfaces.
a metal/solution or a semiconductor/ solution one.

Intensive experimental and theoretical studies of
polymers' electrochemical properties have been rcarried out in
A.N.Frumkin Institute of Electrochemistry. 1including their
doping, the electric double laver structure eand kinetics of
redox reactions, with a proper account of the specificity of
this system consisting of three phases and two interfaces
{1~43. Application of thermodynamic relations has enabled us
to avoid the necessity to introduce a detailed model of the
interfacial structure in the process of determining the
equilibrium potential drops and concentrations of mobile
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charge carriers inside the fiilm. A generalization of the
slow-discharge theory has been proposed for kinetics of redox
reactions of solute species at the film surface which has
enabled us to give an interpretation of exeperimental daeta for
several electrochemical reactions st electrodes covered with
the polythiophene, polyparerhenylene and polyaniline fiims.

The role of anions in the process of electrochemical
doping of ‘polyaniline has also been studied by the radio-
active traces technique. Anionic sorption inside the fiim from
actdized solutions was shown to be determined mostly by the
two processes, protonation and doping. The  steady-state
sorption due to the former process i{s a function of bulk
solution pH, whereas that due to the latter is determined by
the polymer potential and direction of 1{ts variation as
well. An irreversible oxidation of the polymer resulted in a
diminuttion of the "doping" component of sulfuric acid anion
sorption only. At the same time, even practically complete
loss of the polymer ability to be dored, after its
irreversible oxidetion, does not effect i1ts protonation
pProcess.

Differential reflectance and electroreflectance 1ight
spectroscopy has enabled us to study initial stages of the
polymer film formation. Their aebsorption spectra have been
obtained at verious degrees of doping. Moreover, a conclusion
on polymer chains' orientation in the film and its structural
ordering has been made with use of the poliarization
selectivity of some optical transitions.

References

1. V.E.Kazarinov, M.D.Levi. A.M.Skundin, M.A.Vorotyntsev,
J.Electroanal.Chem.,271(1989)193.

2. M.D.Levi, M.A.Vorotyntsev, V.E.Kazarinov, Synth.Met.(in
press)

3. M.D.Levi, Mat.Sci.Forum,42(1989)101.

4, V.E.Kazarinov, V.N,Andreev, M.A.Spitsyn, A.V.Shlepekov,
Electrochimica Acta, 35(1990)899.

66




GENERATION OF VARIABIE SIGN SPACE CHARGE IN A DIFFUSION
LAYER FOR ELECTRODE PROCESS WITH SUBSEQUENT HOMOGENEQUS
REACTION

Yu.I.Kharkats, A.V.Sokirko

A.N.Prumkin Institute of Electrochemistry, USSR Acad.Sci.,
Hoscow

It is known that during electric current passing,a space
charge region arises in diffusion layer, whose distribution
density does not decrease sxponentially as it was in diffuse
layer, but gradually /1/. When the current density tends to
its limiting value, the space charge density in the vieinity
of the electrode increases abruptly, coinciding in sign with
that for electroactive ions.

Here we present the results of investigation of space
charge distribution in diffusion layer for reduction of ca=
tions A%t + 2™ —~ A%, and parallel oxygen reduction 0,+2H,0+
+4e” — 40H”  with subsequent recombination reaction of
OH™ and H* ions in diffusion layer: OH  + HY -~ Hy0.  This
reaction scheme was analyzed in detail in ref. /2/, in which
the mechanism of migration current exaltation effect in aci-
dic solution was theoretically inveastigated.

The set of electrodiffusion equations describing the
distributions of components' concentrations and the potential
in diffusion layer may be written as

dc1 d+ i1L dc2 av
Sl P 2., —=0, 1
ax dx FD{cO ax ax
de a¥ de av i, L
D3 3 - 03——; - D4 -—i + C4_ = - —ry = -DBJ . (2)
ax dx dx dx Fe 2
cyc, = Ko Cy Sy mey . (3)

Here ¢y, c¢,, cq and ¢, - are dimensionless concentra~
tions of cations A¥, anions, OH™ ions and H' ions, ¢, is the
dimensional concentration of AY ions in the solution bulk,
Y= F@/RT is the dimengsionless electric potential, x is di-
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mengionless coordinate (0 x 1), L is the thickness of the
Nernst diffusion layer, i1 and 12 are current densitles for
cation's discharge and oxygen reduction, Ko - the ionic
product for water, the boundary conditions at x = 1 can be
written as 01(1) =1, c2(1) =1 + Xk, c3(1) =0, c4(1) = k,
v(1) = 0. ‘

Taking into account that the recombination reaction
for. - water is very fast and the equilidbrium constant satis-
fies inequality K°<<1, we can suppose that in the diffu-
sion layer either ions OH™ of H® ions can exist simulta-
neouﬁlyo'Coréo-andingly.tho recombination of reaction plane
x=0 splits the diffusion layer into two regions,0<x<@ and
0&x<<1. We can‘put‘ cy> 0 and chO in the region spaced
to the right of the point x = 8 and e3> 0 and cq 0 in
the region spaced to the left of the point =x = O. These
spproximations make it possible to determine the potential
distribution % (x) and then using the Poisson equation,to
find space charge distribution p = - ¢ RTY"/F,

Calculated ? (x) distributions for series of parame-
ters 31, and fixed 12 and k values are shown in Fi-

gure 1.

2

4
K
°§j~'4 1x

-30 . 3

Fig.1. Space charge distribution for D3/D4 = 0.56; k =
= 0.8; 3% =4, and Jy: 1 - 25 2 ~ 255 3 - 2.7 ¢, = 2ec°.
+ (1p/1)%; 1; is the Debye length.

The enalysis shows that as a result of recombination
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reaction inside the diffusion layer some interesting pecu-
liarities in space charge distribution arise. At the point‘
of homogeneous reaction localization x = @ and under the
condition D3j2 kD4j1 an abrupt change of the sign and ab-
solute value of g (x) takes place. In the discussed model
due to high value of rate constant of recombination reaction
its reaction layer had practically zero thickness.In a more
general case of moderate reaction rates there must exist
some transition region in which space charge varies from
positive to negative values. Qualitatively the obtained re-
sult can be explained as <follows. We can present the plane
of recombination reaction localization a8 some elecirode
plane at x = @, which is on the one hand brought into con-
tact with HY ions, and on the other hand with' OH™ ‘ions.
Then in the region 8¢ x <1 where H* ioms exist we have po-
gitive space charge distribution as usual in electrolyte.And
in the region 0<x<6 where OH  exists we have corres-
pondingly negative space charge distribution.

We note in conclusion that the peak in space charge
distributions including also a change in the sign ‘of charge
was earlier predicted in refs. /3,4/ for the systems in which
besides movable carriers of charge also fixed charges ex-
ist.
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INTENSIFICATION OF HYDROGEN TRANSPORT ACROSS A Pd MEMBRANE
BY MODIFICATION OF THE EILECTRODE/ELECTROLYTE INTERFACE

I.I.Kolesnichenko, A.G.Pghenichnikov

A.N.Frumkin Institute of Electrochemistry, USSR Acad,Sci.,
Moscow

Hydrogen transfer across a palladium membrane was inves-
tigated in the presence of coupled electrochemical processeg
of hydrogen injection on the contact side and its extraction
on the diffusion side. Experiments were carried out in & two-~
compartment cell with the membrane fixed between the compart-
ments in 0.1 or 1.0 M HZSO4 solutions at room temperature.An
electric circuit permitted independent polarization of the
input and output sides of the membreane.

The dependence of the exchange current i, of the forma-
tion and ionization processes of sdsorbed hydrogen on poten~
tial was studied by the polarization curves method., It was
found that in the range of the existence of the « -phase of
PAH,, 1, "varies little and its value is 0.4 mA/cmz; in the
range of ﬂ-phase i increases when potential shifts in the
cathodic direction, reaching 1.6 mA/cm at potentiel of 0.0
(RHE) in the same solution.

Analysis of the curves of switching on and off polart
zation under galvanostatic conditions showed that the slow
steps of the overall process of hydrogen transfer across a
thin membrane are the electrochemical processes at the memb-
rane/electrolyte interfaces. Decrease in +the limiting step
overvoltage can be achieved either by decreasing the current
dengity by increasing the true surface of the membrane/elec-
trolyte interface (by creating on the surface a porous psal-
ladium layer for example), or by increasing the effective va-
lue of io (say, by surface modification with metals for which
the value of io is greater then io on palladium), or by com-
bination of the two methods used.

The influence of various methods of membrane surface

treatment on the hydrogen transfer rate in the H, (1 atm)/mem-
brane/electrolyte system was investigated. It was shown by
special experiments that in the absence of electrolyte film
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on the contact side of the membrane, hydrogen absorption pro-
cess occurs under nearly equilibrium conditions (effective
overvoltage on the contact side is small) and the change in
the membrane permeability to hydrogen is due to that in the
characteristics of its output side. It is clear from Fig.1
that both increases surface roughness factor (curée 2) and
modificatdon of the surface with rhodium (curve 5) lead to
activation of hydrogen transfer across the membrane. It can
be assumed that in the presence of rhodium atoms on the sur-
face, the step of hydrogen transfer from absorbed to adsorb-
ed state and the steps of electrochemical hydrogen oxidation
on the diffusion side prove to be separated in space: the
step of absorbed hydrogen transfer to adsorbed state occurs
on palledium atoms, and Hads.elentrooxidatton occurs on rho-
dium atoms; exchange of adsorbed hydrogen between the above-
mentioned sites occurs by surface diffusion (spill-over meche-
nism), A method of creating a strong adhesion layer of pal-
ladium on membrane surface was developed.

14/A-cm?

o

4
3
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1
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Fig.1. Steady-state polarization curves for hydrogen oxi
dation on & palledium membrane electrode in the case of con-
tact between the diffusion side of the membrane and electro-
lyte (0.1 N 32304 at 20°C) and between the contact side and
gas. 1 - membrane after stepwise polarization; 2 - membrane
after heating in air (t=780°C); 3 - membrane after applica-~
tion of dispersed palladium; 4 - membrane after application
and sintering of dispersed palladium; 5 -~ membrane with sin-
tered dispersed palladium after application of Rh.
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INVESIiGATION OF DOUBLE ELECTRIC LAYER ON GLASSY
CARBON ELECTRODE BY ELECTROREFLECTANCE METHOD

G.V.Korshin, I.,R.Manyurov, A.A.Petukhov
Kazan Chemical Technological Institute, Kazan

Electric double layer and adsorption on glassy carbon
(GC) electrode were investigated by electroterflectance (ER)
method., It was shown that for quantum energy values less than
4 eV, ER spectra may be described in terms of the Drude theo-
ry. The value of plasma frequency of oscillations of free
charge carriers depends on the potential;dependence of rela-
xation time of free charge carriers on the potential gives
by some orders of magnitude weaker optical effect., Since GC
is a semi-metal and the concentration of charge carriers in-
creases both in the case of cathodic-polarization due to in-
jection of electroms into conduction band and in the case of
anodic one due to injection of holes into valence band, the
minimal value of plasma frequency c_ must be observed at the
potential of zero charge (p.z.c.). Thig corresponds to the
‘condition of zero value of ER signal at the p.z.c. in the
case of registration of dR/(RAE),E-curves.The integration of
the dR/(RAE),E-curve allows to obtain the two-dimensional
conductivity in the region of space charge as a functionof
electrode potential. Thus, fundamental parameters of double
electric layer on GC electrode (and other carbon materials)
may be obtained directly from ER data for solutions of any
. composition and concentration.

The features of the ER gpectrum of GC electrode for >
> 4 eV arise as a result of T~> 7™ interband optical trans-
jtions. In this region of #w values the intensity of ER sig-
nal is proportional to the density of electronic states in
valence and conmduction bands of the carbon material.

fhe semi-metallic nature of GC provides a thickness of
gpace charge region which is about en order of magnitude
greater than that of typical metals, this leading to the
rather low sensitivity of ER spectra of GC electrode to the

72




adsorption, unless the adsorbate does penetrate into the
near-surface region of the electrode or forms surface com-
pounds. Formation of intercalates in transient layer in the
case of penetration of HSOZ and ClQZ anions into GC bulk is
accompanied by the appearance of a very intemnse 1light ab-
sorption band in the region of Aw<¢2.5 eV, the existence of
this band may hardly be explained in frames of the free
charge carriers approximation. It was suppoged that the band
exigted dus to the formation of surface electronic levels
located in the transient layer of carbon material., In the
conditione where there i1s no intercalation,the polarization
of GC electrode is accompanied by a shift of maximum in ER
spectrum,this feature cannot either be adequately described
in terms of the Drude model. It was suggested that the up-
take of solution components by the space charge region takes
place for the potentials which are not equal to p.z.c.,this
process 1eading to the light adsorption band formatiom,though
its intensity is small in comparison with that for case of
intercalation. Therefore the region of interaction of solu-
tion components with an electrode cannot be associated only
with the local phase boundary "the first layer of carbon
atoms the first layer of adsorbed particles", rather this
region is spread towards the electrode bulk even in the ab-
sence’ of intercalation., The transition metal ions,in parti-
cular Cu2+ ion, interact with the GC surface in a specisl
way. In such a case the electronic structure of the tran-
sient layer undergoes sharp a change, in some conditims the
appearance of energetic gap between the valence and conduct-
ion bands and the formation of inverse layer are possible,
Copper ions form a strong chemisorption bond with surface
atoms and they can be removed only at high anodic potentials.
Copper atoms which are bonded on the GC surface influence
in a crucial way the mechanism and kinetics of the forma-
tion and growth of copper deposit on the GC surface.

13
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KINETICS AND MECHANISM OF MONOLAYER SILVER ELECTRODEPOSI-
TION FROM RHODANIDE SOLUTION

I.N.Kosenko, V.V.Trofimenko

Chemical Faculty, Dniepropetrovsk State University,
Dniepropetrovsk

Silver electroerystallization from the rhodanide solu-
tions is characterized by a high reversibility of the dis-
charge stage [1] and by a considerable adsorption of the
electrolyte components [2]. The incorporation of the ad-
atoms (adions) into the growth sites of the silver lattice
may be a probable slow stage of the cathodic process due to
the peculiarities mentioned. This assumption check-up is of
principle importance, as a experimental confirmation of such
a metal electrocrystailization mechanism has not been re-
ported in literature yet.

Galvanostatic silver monolayer formation from the so-
lution containing 0.24 mol/l Hg+ and 2.57 mol/l KSCN was
studied. The platinum end-wire electrode with the surface
area of 0.002 cm? was used. It has beenpreliminarly plated
by silver of 1p thickness at the current of 10pA. The para-
meters of the discharge and crystallization stages (lex-
change current, jo, crustallization exchange flouw, ¥q» ad-
atom copcentration at the equilibrium potential, Co) were
determined from the transient curves of total overpotential
n by using Bockris-Mehl model [3]. It haspreliminaniuw been
found that the contributions of the diffusion and reaction
overpotentials to n quantity may be neglected. This method
{3] permits to determine the overpotentials of the transi-
tion, (P and the crystaliization are nk, and the accepted
value of the diffusion coefficient of 10 %cm%s™! - to cul-
culate the growth step density, N_[4]. The dependence of
the quantities of j,, ¢, and v, on j(Fig.) shows their pse-
udoequilibrium character being probably stipulated by the
partisipation in exchange process of that part of the
growth steps activated by the current pulse at the initial
perind.

The comparisen of jn and Yo quant ities evidences a con-—
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siderable inhibition of the crystallization stage which due
to the anthibatic character of the jO and o dependences
on j may not be related to the deposit growth proceeding by
adatoms diffusion: such a kinetic scheme implies the direct
participation of the adatoms in the discharge stage and,
hence, the praportionality of ju and to quantities.
All the experimental data are satisfacterily interpre-
ted in case the silver ions are assumed to mainly dischar-
ge into the region of the growth centres followed by a
slow incorporation stage of the adatoms into the semicris-
talline sites. In this case fy also arises and jn currents
become proportional to N, value (Fig.).
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Fig. See the text.
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The adatom surface diffusion don“t noticeably contri-
bute inte the electrocrustallization rate due to SCN™ and
AgSCN adsorbed particles deeply iphibiting the process
discussed. The limited mobilitu of the silver adatoms leads
tao surface blocking and to discharge transfer into the re-
gion of the growth steps. The behaviour of j0 dependence
on N, shows not enly the discharge centres to be slightly
changed under the step length increasing. This dependence
extrapolatinn to N$=G leads to a low exchange current at
the plane part of the depesit surface (j, ., < 0.01 Asem?).
Assuming the surface limited to the width of one row of the
atoms to participate in the elecirone exchange at the step
according to ref. (4], the exchange current at the deposit
growth front has a mean value Jm.sw S0 ﬂfnm?. It is expec-
ted the high local supersaturations causing the activation
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of new crystallization sites to arise at the steps.

The data obtained by the analysis of the temperature
dependences of ¢, and v, {4+40°C) allows to determine the
thermal effect AHx-42 KJ/mol , the entropy change 4S~21
J/(mo1-K) and real activation energy AH =0 for the crystal-
lization stage at the equilibrium potential [S]. The absan-
ce of the energy barrier for the incdrporation
stage means that at the equilibrium the growth
sites interexchange together with the adatoms (adions) ad-
sorbed at them. The conclusion drown confirms also a slight
entropy change during the incorporation process: the degree
of order for the system does not practically change. In
contrast to this the silver monolayer formation is related
to overcoming eof a high energy barrier, A7 %63 kI/mol for
the stage of the adatom incorporation(dﬂf va{ue is determi-
ned by the analusis of the corresponding nk,j—curves).
Thus, the incorporation stages of the silver adatoms at the
equilibrium and during electrodeposition process proceed by
the different mechanisms.
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INFLUENCE OF PULSE POLARIZATION ON SURFACE~ACTIVE
SUBSTANCES ADSORPTION IN METAL ELECTROPLATING

N.A.Kostin

Dnepropetrovsk Inastitute of Transport Engineering,
Dnepropetrovsk

There are two directions of development in applied elec-
trochemistry today: classical - creation of new surface-ac-
tive substances (SAS) and pulsed electrolysis. These ways
are worked out independently by different schools of scien-
tists. The SAS-based direction uses direct current only for
electrolysis, while the new SAS, on the opposite-pulsed eleo-
trolysis uses the same content solution but different types
of non-direct current as a subject of variation. Our opinion
is that the joint development of these two, still separate,
ways of electrolysis can open wide range of possibilities for
influence on the electrode processes. The opportunities for
such influence are based on SAS absorption-desorption con-
trol by means of E (cathode potential) variation from E
(zero charge) potential (during pulse-time or all the time
of plating). Necessary cathode potential (E) variation is
made by use of pulse current (the form and parameters of
pulse current can be varied by special programme). Second,
the SAS diffusion during off-time and hydrodynamic conditions
variation during pulse~time are not less important <factors
which determine the filling up of the cathode surface by ad~
sorbate and the adsorption layer density. The report deals
with the influence of pulse current parameters (Ip ~ pulsed
current density, off-time, current frequency, etc) on the
main features of processes mentioned.

Foe example, for the metals with Est( stationary cathode
potential) more positive, than Ezc’ densed adsgorption layer
is formed only for high Ip and long pulses which ensure ac~
hieving Ezc' With short pulses cathode potential carmot reach
the necessary value even for very high Ip, so adsorption f£ilm
may have not enough time to be formed (see example in report).
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During the off-time, cathode potential 1is decreasing
and it can be lower than the adsorption potential,so it can
be out of this value range., This is determined by cathode
potential (E) decline velocity and by the off-time. The E~
decline speed is different for different metals and electro-
lytes. For diffusion stage-limited processes E(t) has the
same shape es the current and it decreases very quickly to
its stationary value. So, for these processesg and if Est is
positive and very different from Ezc’ SAS desorption is pos-
gible during the off-time (the report has an example on tin
electroplating). .

Cathode potential is essentially distorted for the in-
hibited discherge stage processes, especially in many com-
ponent electrolytes, and it has a more negative value during
the off-time (the report has an example on nickel sulphate~
plating in brightness additive electrolyte).

There is a possibility to control cathode potential by
reverse pulses (for processes where E has the same value
during I=0). The time of cathode potentiml reset to the va-
lue of Est and more is determined by the quantity of elec-
tricity and the rate of reverse pulse rige. With increasing
of these parameters the time of E reset to E,. and than to
Est is reduced.

For metals with Est more negative than Ezc direct pul-
ses, the amplitude does not influence adsorption processes.
In this case, frequency is the most influential control pa-
rameter of pulse current (the process of ammoniate zinc pla-
ting is considered in detail in report).

Pulse polarization shows its influence not only on ad-~
ditives put onto solution before electrolysis begins but al-
80 the additives formed during pulse electrolysis. Tor ex-
ample, . superhigh Ip (25-50 A/dmz) pulse current with the
use of 50-70 Hz frequency promotes forming and adsorption
of nickel hydroxide with special structure, which serves as
the first grade brightness-forming additive.

Except mentioned influence pulsed current gives the op-
portunity to use solutions with smaller numbers of components
(as compared with direct current) or todecrease the concen-
tration of rare additives (the report has the results of chlo-
ride ammonite zinc and copper sulphate plating research).
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ON THE INFILUENCE OF SUPPORTING ELECTROLYTE CONCENTRATION ON
- THE ELECTROREDUCTION RATE OF DIPYROPHOSPHATE METAL COMPLEXES

V.I1.Kravtsov, V.V.Kondratiev
Leningrad State University, Leningrad

By dipyrophosphate complexes of leed(II) and #in(II)
electroreduction at a dropping mercury electrode (d.m.e.) a
reversible preceding chemical step takes place, as a result
of which electroactive monopyrophosphate complexes are form-
ed participating in a slow two-electron electrochemical step.
.Alkali metal cations of supporting electrolyte participate
in the preceding chemical step the equilibrium and double
layer structure of which depend on the supporting electrolyte
concentration. To elucidate the degree of influence of both
factors on the rate of dipyrophosphate complexes' electrore-
duction, the influence of sodium perchlorate  concentration
(0.05-1.0 M) on the half wave potential of corresponding ir-
revergible cathodic wave was investigated. Calculations car-
ried out with stability constant of NaP,03~ (12.6 M™') and
Tafel slope bc=50 mV have shown that half-wave potential
shift to the positive direction obtained at the sodium oer-
chlorate concentration increase is determinated by the shift
of the preceding chemicel step equilibrium. Insensitivety of
complexes Pb(P207)2' electroreduction rate, to the potential
drop in a diffuse part of the double layer is explained by
specific adsorption of electroactive complexes whose metal
ions are bound with the surface atoms of metal electrode.

At electroreduction of complexes Sn(P207)2' from solu-
tions containing ;10'2 M Na4P207 (pH~8, 1 M N50104) irrever-
sible cathodic polarographic wave is observed with the Tafel
slope bc=50 mV. The shift of E1 2 observed at sodium perchlo-
rate concentration increase from 0.05 M to 1.0 M is equal to
74 mV and exeeds more than twice the shift of E1 obtained
in the case of Pb(P207)2' electroreduction (30 még. The re -
sults obtained may be explained supposing that the sodium pen
chlorate concentration increase is followed by displacement
of equilibrium of preceding chemical step loadins to the for-
mation of sdsorbfd electroactive complexes SnP207' and pro-
bably of NaSnP207. The conclusion about cesium and possidbly
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about some other alkali metal cations presence in electroac-
tive monopyrophosphate complexes of tin was drawn earlier
/1/ based upon the increase in electroreduction rate of com-
plexes Sn(P207)g' in the sequence of Rbte K" < Cst¢ Na+‘< Lit,
This order differs from order Cs®¢ KV <Na*< Ii* obtained by
complexes Pb(P207)2' electroreduction /2/ which coincides
with MP207' complexes stability row (M' - alkali metal iom).
The ebsence of alkali metal ions 1in electroactive lead(II)
complexes is prgbably connected with electroreduction of com-
plexes Pb(P207)g' at more pogitive potential values in compa—J
rison to complexes Sn(P207) " {(about 0.3 V).

In the case of Cu(P207)é' electroreduction, an irrever-
sible wave is obgerved with E1/2=! =1.1 V (SCE) and Tafel
slope bc 128 mV and 146 mV corresponding to pyrophosphate
ions concentrations 0.07 M and 0.02 M (pH 8, 1M Na0104).
These bc values are more than twice higher than the =slope
bc=50 nV obtained for dipyrophosphate complexes of lead and
tin, but they are much smaller than slope bc=500 mV obtained
for complexes Cu(P207)2“ electroreduction on copper electrode
/3/. Unfortunately, the authors /3/ who used a rotating disk
electrode have taken into account the diffusion processes of
one kind of particles only though it was nessesary to take
into account the diffusion processes at both copper complex-
es and pyrophosphate ions. Therefore, the overestimated vea~
lues of b, were given in the paper /3/. ¢

We have obtained the order of Cu(P207)2' electroreduct-
ion on d.m.e. in respect to pyrophosphate ions being equal
to -0.4. This order is determined probably by the course of
parallel electrode reactions with different mechanisms (CECE,
ECE). The slope bc obtained testifles to & slow transfer of
the first electron. The shift of E1 to the more positive
potentials obtalned for Cu(P20 )2 electroreduction of sodium
perchlorate concentration increase is higher than in the case
of Sn(P207)g- electroreduction.
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INFLUENCE OF DOUBLE LAYER STRUCTURi ON THE HYDROGEN
EVOIOTION REACTION AT HYGH TEMPERATURES

L.B,Kriksunov

AN.Prumkin Institute of Blectrochemistry, USSR Acad.Seci.,
Moscow

The influence of high temperatures (above 100°¢) on the
doudble layer effects in kinetics has not been investigated
untll recently. The investigation of this problem is necessa-
ry to begin with non-complicated systems studied at room tem-
peratures, such as mercury electrode in aqueous solutions.
The technique of high temperature electrochemical experiment
/1/ developed dy us gives an opportunity to investigate the
electrochemical kinetics as well as the structure of doudble
layer. With this technique the data has been obtained on the
kinstics of cdthodic hydrogen evolution reaction on mercury
from diluted acid solutions at temperatures up to 300°C and
on the influence of *,-potential on kinetics, The infiuence
ot ‘V.'-potontnl on kinetics is known to be expressed first
of all im clange of overpotential., Besides that, the silopes
of polarization curves are also dependent on the Y -poten=~
tial 1f the latter is dependent on electrode potential.

Experimental data on the temperature dependence of slo-
pes of polarigzation curves in solution without specific ad-
sorption show the slopes to be lower than the “theoretical®
value b!=2.3R'1'/0.5!. Calculations on the basis of the Goup-
Chapman model (with the assumption that "0'1-‘{' ) pointed out
that experimental data in alcohols (=70 to +50 C)as well as
in diluted aqueous solutions (0 to +200°C) can be explained
by an effect of Y, -potential only /2/.

In the case of specific adsorption the pieture 1is more
complex. In very diluted solutions of HCl,the slopes of po~-
larization curves coincide with these in solutions of 1*12804
of the same concentration. In 0.3-1 M HC1l the slope is hig-
her than bT and the difference increases with temperature.
7hat follows both from our (to +200°C) as well as from 1li-
terature (0 +80°C) data. It is an evidence for an increase
in specific adsorption of C1™ with temperature increase.
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The dependence of the overpotential on the concentra-
tion of C1” has been studied. Of special interest is the de-
pendence of specific adsorption from temperature. As & meag~
sure of specific adsorption we can adopt the change of over-~
potential relative to solutions without specific adsorption.
One can see from the figure 1 that with increasing tempera-
ture the specific adsorption of C1™ rises.Phis result is in
accordance with the conclusions obtained from the tempera~
ture dependence of slopes of polarizstion curves.In the case
of specific adsorption of tetrabuthylammonium cationwe have
obgerved an opposites effect: the increase in temperature re~
sults in a strong decrease in specific adsorption. This re-
sult still needs discussion and further investigation.

Ap/mV
100 - 2
0 L
3 1
-4w -
L L y
50 100 15 t/°C

Fig.1. The change in overvoltage of reaction under in-
fluence of specifioc adsorption as a function of temperature.
Current density lgi=-3.3 A/cme. 1 = 0.5-1,0 M HC1; 2- 0.5 M
HC1+40,005 M tetrabuthylammonium bromide.
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ELECTROSTATIC INTERACTION OF IONS WITH A SOLVENT

L.I.Krishtalik, N.M.Alpatova, E.V.Oveyannikova

A.N,Frumkin Institute of Electrochemistry, USSR Acad. Sei.,
Moscow

A new method has been proposed for the experimental de-
termination of the electirostatic part of the transfer free
energy for large compact ions. It is based on the differen-
ces of standard potentials AE for iwo subsequent one-
electron redox steps. The AE values for redox couples of
cobaltocene  Cp,Co™®”  and  nickel(bis)dicarbollyl

were measured. For several aprotic solvents with
feeble donor-acceptor properties (and their mixtures), the
electrostatic part of the transfer energy obeys qﬁantitati—
vely Born equation (see FPig., curves 1 and 2). This quali-
tatively.contradicts the conclusions of nonlocal electrosta-
tics employing the model of monotonously decaying correlati-
on of orientational polarization.

Inthe presepice of strong specific interactions (e.g. hy-
drogen bonds water-anion, donor-acceptor interaction DMSO-
Lewis acid), the transfer energy deviates substantially from
the Bornian one (Pig.). The hypothesis on the role of hydro-
gen bonding with anion is substantiated by the Bornian beha—
viour both aprotic solvents and their mixtures with water in
a purely cationic system of ruthenium(tris)bipyridil
Ru(bpy) ;O */2* (pig.,curve 3).

Por the comparison of electrode potentials in different
solvents, the couples Cp200+/ ° and CpZCo_/ Y were proposed.
In aprotic solvent not prone to specific interactions, any
of these couples ocan be used taking into account a
correction for transfer energy. The latter can be calculated
after Born or found coxperimentally as 1/2 (AB1 —ABZ). Por
water and other acceptor solvents, the ocorrected potential
of Cp200+/ o couple is to be used, the oouple szco'/o is
recommended for donor solvents. It was shown that
ferrocene-ferricenium ocouple may be used as & reference
elecirode with oorrections found for Cp200+/ 0/—. These
reference electrodes ocan be employed also for evaluation

83
1*




of interfacial potential drops at the boundaries water/non-
aqueous solvent.

The described reference electrode was used for
determination of the transfer free energy of single ions.
The values obtained for K' are close to those obtained by
TATB method (difference £ 3 kJ/mole). However, our method
seems to be more justified (due to the open strusture of Ta
and TB, there is a possibility of a rather close contact of
solvent molecules with the center of these ions resulting in
a marked asymmetry of solvent interaction with cation and
anion}).

The appllicability of Born equation was used to
calculate the electrostatic part of - chemical solvation
energy of ferricenium cation. The same for real solvation
energy was found from Volta potential metal/solution at the
standard Cparef/ 0 potential and other thermodynamic data
avallable. The difference of real and ochemical energies
gives the value of surface potential drop.
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Redox systems: 1 - Cpaco” 0/~ » - Gballiw ~/2/

Ru(bpy)ao_/ +/2+ PC - propylencarbonate; B~ butyrolactone; AN
-~ acetonitrile; DMP - dimethylformamide; BA — ethanol; AC -
acetone; DMSO - diymethylsulfoxide; o — aprotio solvents and
their mixtures; e - mixtures of water with aprotic solvents;
o - mixtures water—ethanol. Dashedstraight line (curve 2)
includes a small correction due to a large dipole moment of
CbZNio which disappears upon reduction
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ADSORPTION AND ELECTROCATALYTIC PROPERTIES OF
SULFUR-CONTAINING COMPOUNDS OF IRON GROUP METAIS

Yu.I.Kryukov, S.F.Chernyshov, L.I.Al'tentaller

A.N,Frumkin Institute of Electrochemistry, USSR Acad.3ci.,
Moacow

The problem involving investigation of electrocataly-
tic charactertstics of sulfur-containing nickel compounds
has recently become again a subject of attention.In the ma-

- Jority of studies, deposition of electrodes of active sul-
fur-containing compounds is achieved by gelvanic methods by
introducting soluble thiocompounds /1,2/ and also along
with them, dispersed powders of transition metal sulfides
/3/ into the nickel plating bath.

We have proposed a gimple method for activating the
cathodes of hydrogen-oxygen electrolyzers with alkaline
electrolyte which permits chemical deposition of coatings
to be effected only on the electrode base surface without
formation of active coating components in solution bulk. It
has been establishked that such cathodes containing active
catalyst mass in the amount of 3-5 mg/cm2 show pgufficient
electrochemical activity in hydrogen evolution reaction: at
70°C (7 M KOH) and current demsity of 0.4 A/cm?, hydrogen
overvoltage is not higher than 0.1 V.The polarization curv-
es of hydrogen evolution on these electrodes are characte-
rized in the Tafel coordinates by two linear sections with
the slopes of 40-45 mV andc 100 mV for low end high current
densities, respectively.

Analysis of the dependence of current density on the
active layer thickness at fixed polarization values at the
cgthodes with NiSx catalyst showed that the characteristic
length of hydrogen evolution process at 9 =0.1V 18 15-20 m,
which is 5-6 times less than for nickel surface skeleton
catalyst (88C) /4/. The small characteristic lengta va-
lues, as compared to those found for nickel SSC, are caun-
sed by two factors: much higher velues of the specirfic elec-
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trical resgistance of catalyst layer (70-90 52 t-cm), and the
exchenge current of hydrogen reaction, whode value at 70°¢C
in 7 N KOH is 7-10"7 A/em®. A study was made of the depen-
dence of the apparent exchange current of hydrogen reaction
ig, obtained by extrapolation of the second Tafel section
of the E,Lgi-dependence to the zero value of pblarization
per unit catalyst surface in the active layer,on the amount
of catalyst m in it. The specific surface of the chemi-~
cally deposited sulfur-containing nickel catalyst, determi-
ned by the BET method, is equal to 14 mz/g.

It was established that the 1§,m dependence is of ex-
tremal nature and consists of three sections, The first
section in the range of catalyst content in the active layer
0<m<0,13 mg/cm2 shows & linear increase in exchange cur-
rent with increasing m., Within this section no ohmic or
dirfusion losses occur in the catalyst layer and the value
of ig on the surface of the first layer of catalyst grains
is affected (decreasing it) by the electrode base (nickel
electrode), on which the exchange current of electrode re-
action is spproximately by 1-1.5 orders less then on a sul-
fur-containing catalyst. At 0.715<m<«0.3 mg/cmz(the gecond
section) the exchange current of hydrogen reaction is prac—
tically independent of the cetalyst amount in the layer. On
thig section iﬁ 1s equal to the true exchange currentMith
a8 further increase in m (in the region of the third sec~
tion of the iz,m -dependence) the apparent exchange cur-
rent decreases considerebly owing to the increased total
contact electrocal registance between catalyst grains in
the layer.

It has been revealed by galvanostatic and potentio-
dynsmic methods that at potentials more positive than O V
(RHE) practically no hydrogen adsorption oceurs on che=-
mically deposited Nisx catalysts, These data agree with
the results of vacuum-adsorption measurements,which show-
ed the absence of hydrogen adsorbed from the gas phase
on sulfur-containing mnickel and iron compounds. The ob~
tained data explain the absence of the activity of Nin ca-
talysts investigated by us towards ¢the molecular hydro-
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gen ionization reaction.

CofuA-cmc?
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A
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Fig.1. Dependence of the effective exchane current of

hydrogen evolution reaction on Nin catalyst on the amount
of catalyst in the active layer.
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SPECIFIC FRATURES OF THE FORMATION OF SUBSURFACE
OXTDES ON NICKEL AND IRIDIUM ELECTRODES

Z.I.Kudryavtseva, L.A.Burksl'tseva

A N.Frumkin Institute of Electrochemistry, USSR Acad., Sci.,
Mogcow

Earlier optico-electrochemical studies of the surface
state of a nickel electrode showed that upon cycling of a
nickel electrode in 0.1 N KOH subsurface oxides are formed
/1=3/. In the present study, of the formation processes of
subsurface oxides of SSO on nickel and iridium electrodes
are compared. It was found that in electrochemical oxida-
tion-reduction of a nickel electrode in the potential range
E = 0,01-0.5 V followed by its exposure at E = 0,02 V (sur-
face reduction - SR) the ellipsometric parameters 4, and
4, measured at E = 19 mV correspond to those of the re-
duced surface A and % . When the cyclic amplitude was in-
creased to E = 1,0 V, the values of ellipsometric parame-
ters after SR differ from initial values, A,<d, ¥o>.
Change in ellipsometric parameters 3A and 5% 1s observed
during the first 45 cycles, where upon this dependence
forms a plateau., In the\oxidation' cycles the values of 8q
(amount of electricity derived from potentiodynamic curves)
and 8A are‘practically constant, i.e. in 4ll1 the cases con
sidered each oxidation cycle begins on reduced surface.The
meximum changes of 8A and 8% are 5,5% and 1.5°,respective-
ly. Taking into account the depth of light penetration in-
to material (~100 X), it can be apparently assumed on the
basis of the obtained date (equivalent thickness of SSO is
~50 K) that the SSO layer consists of isolated oxide is-
lets in nickel bulk (approximate SSO/metal ratio 1/3). The
following mechanism of SSO formation can be suggested. At
E>0.7 V in 0.1 N KOH /1/ nickel undergoes digsolution.
Thus, during exposure of a nickel electrode at E = 1.0V,
along with oxidation, nickel undergoes dissolution. During
reduction at E = 0 V, dissolved nickel is deposited on the
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electrode surface and owing to this fact the reduction pro-
cegs 1s always followed by arising an oxide~free surface re-
corded by the optico-electrochemical method (8,84~ const).

The surface state of an iridium electrode was studied
under conditions of electrochemical formation and reduction
of an oxide layeronits surface in 0.1 N KOH with the elec-
trode subjected to cycling in the potential range O - 1.4 V
(RHE) et the sweep rate of, 100 mV/s., Ellipsometric parame-
ters were measured (checking the cycling results) at the po-
tentials of 0.35 and 1.4 V after exposure under potentliosta-
tic conditions when current close to O was reached.When po-
tential varies stepwime from 0.35%t0 1.4 V,an oxide layer of
stoichiometric composition, Ir02,-5 X thick is reversibdbly
formed (1.4 V) and reduced (0.35 V).In this case ellipsome-
tric parameters vary in the following menner regardless of
the number of oycles 38 (E = 0.35 £ 1.4 V)"'1°,8W(E = 0,35+
+ 1.4 V)~ 10!, The maximum change in these parameters is 54
~ 59307 and §% ~ 1°30' (after 170 cycles). Just as in the
cage of a nickel electrode, each subsequent oxidation cycle
starts on reduced surface., These resulis can be explained
by SS0 formation.

5380 formation processes were compared on nickel and
iridium electrodes. While on a nickel electrode undergoing
alternatively oxidation and reduction of its surface, the
relative value afSA°/5on characterizing the mass (number
of monolayers) of the subsurface oxide no longer depends on
the number of oxidation-reduction cycles (treatment time)
when 4 monolayers are achieved, on an iridium electrode
even after 6 monolayers, the intensity of SSO formation 1is
pregserved., These data and almo the high corrogion resig-
tance of the iridium electrode suggest a different forma~
tion mechanism of the subsurface oxides for these metals.
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ON THE PREDICTION OF THE NON-SPECIFIC ADSORPTION
IN THE ORGANIC MOLECULE - MFTAL - WATER SYSTEM

V.P.Kuprin, F.I.Danilov, A.B.Shcherbakov
Dnepropetrovsk Chemical Engineering Institute ,Dnepropetrovsk

The energy of the adsorption of organic compounds from
the aqueous solutions on the uncharged metal surface (AGX) is
knomn to depend on the energy relation for the
metal-adsorbate (AGM({ a)s Metal-solvent (AGy /1g)  and
adsorbate-solvent (AGA/HzO) bonds. The latter , as a rule
quantitatively equals to the energy of the adsorption of the
surfactant (AG},.) at the solvent-air interface.

The total energy balance contains zt least one temm
(AGX/G) resulting from the exhibition of the nonspecific
intermolecular forces, and the term being described within
the scope of the microscoplc (the first approximation of the
theory on the molecular orbital perturbations) or macroscopic
(theory by E.M.Lifshitz) approaches. However 1t 1s not always
possible to carry out the correct quantum-chemical
calculations In the metal-solvent-adsorbate system by the
known reasons. In this connectinn use of various
correlation parameters characterizing the intermolecular
interactions In the system is vital as usual.

In order to predict the adsorption behaviour of the
organic compounds at the interfaces we suggest to use the
parameter of the Intermolecular interacilon  intensity
(¢-factor) first introduced. by I.B.Sladkov as the
criterion for the inorganic compound polarity [11:

¢ = 0.1 In Ty - 0.122 In V} + 0.006.

To calculate ¢-factor for any compound it 18 enough to
know only 1ts boiling  point T, and the molar volume of
the 1liquid at this temperature,vé.

It 1s found,that dependence of AG3,; on ¢-factor for the
aliphatic alcohols, acids and amines 1s of & linear
character. It 1s interesting, that a linear correlation 1s
also posgible for the aliphatic alcohols on metals (Fig.1a).

Assuming in the first approximation the energy of the
metal-amyl alcohol iInteraction to be constant and all the
changes of A(}g to be stipulated orly by the adsorbate
hydrophilicity the energetics of the interaction in the
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metal-water system may be evaluated by the difference, AAGO

AG§ ~ AG3,. Fig.1b shows a linear correlation between AAG°
and {-factor of metals. The data received may be explained 1f
we take into account the existence of the numerical relation
between {—factor of the molecule and Lennard-Jones potential.

465 /3 mot!
1

| 267t mot

Fig.1a. The dependence of the standard free energy of
the aliphatic €2-C6 alcohols adsorption on adsorbate ¢-factor
at the solution-metal interface: 1-Hg [2); 2-Sn [3}; 3-In-Ga
[4]; 4-Cd {5); 5-In 16]; 6-Au [T1].

Fig.1b. The dependence of the energy galn of n-amyl
alcohol on adsorbent {-factor while passing from solution-air
to solution-metal interface in aqueous electrolyte: 1-Hg [(2];
2-B1 (81; 3-Cd (5)}; 4-Pb [91; 5-Sn [3)}; 6-In-Ga [4); 7-In
[61; 8-Ag(100), 9-Ag(111) [10); 10-Au [T]. B-factor for In-Ca
1s calculated as follows:’ ‘pIn—Ga = 0.164 q’In + 0.836 “’Ga'

As to metals the validity of ¢-factor as the parameter
0f the Intermolecular interaction intensity is confirmed by
the direct relation between the surface tension of a liquid
metal at the melting point (Op;) and ¢-factor (for 40
metals the correlation coefficient 1s 0.938) and as the
surface energy of the solid metal may be regarded as U
f(Opy) (111, thus Ug = F).

The usage of q>—factor as the metal hydrophility
criterion 1s also valld for the macroscopic theory of the
Intermolecular forces according to which the interaction
eneray 1s described by the dispersion of the substance/s

1
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dieleciric constant function on the frequency axis and the
contribution of any spectral region Into a total energy is
determined by the optical density at a glven range of the
wave lengths. As the effects of the specific behaviour and
also of the metal interaction exibit themselves in the water
transparency region (3-10 ¢V) and the main contributions into
the dielectiric properties and ¢-factor of water and the
metals is made by the frequency region ranging from O to IR
inclusive, it 1s possible to assume that intermolecular forces
‘prevail in  the water adsorption on an uncharged surface.
It should be noted, that with the account of the
limitations introduced the serles of Increagsing metal
¢-factors 1is not the serles proper of hydrophilicity, it
shows only an ability of a metal to enter Into a nonspecific
interaction. In spite of the fact that silicon has & high
{-factor { higher than that of Ga),but because of its
transparency 1in IR-range of frequences (121, silicon is
2 rather hydrophioblic material.
Thus, ¢~factor as the polarity and similarity criteria
of substances may be used to predict the adsorption phenomena
stipulated by the nonspecific Intermolecular interaction.
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A MONTE CARLO SIMULATION OF THE INTERACTION OF HYDRATED
TONS WITH THE METAL SURFACE

An. M. Kuznetsov, L.Yu.Man’ko

Kazan Chemical Technological Institute, Kazan

The features of interaction of the hydrated ions in
dilute background electrolyte with the electrode surface
and also the form of their interionic potential curve ire
of great interest for the electrical double layer theory.
In this connection, we have considered the behaviour of the
statistical ensembles Na*(HEODn and Cl'(HEO)n (n=118) con-
tacting with a metal surface.Computations were performed by
standard Monte Carlo technique. As a model for a single wa-
ter molecule the 4-site TIPS2 model describéd in literature
was used. The water-water, ion-water and ion-ion interacti-
ons. were simulated by an atom-atom pair potential in the
form 12-6-1 and the interaction of these particles with the
metal surface was modelled by their image charges. For the
chloride ion in the chemisorption state the partial charge
transfer to the metal obtained by means of quantum chemical
calculations was taken into account.

The energetic profiles of the interaction of each of
jons with the surface, and the water molecule distribution
function have been computed. This allowed to analyse a
structural. "perestroika" of the hydrate shell of ions at
their approaching to the surface. Besides that, the poten-
tial curve of the interaction between hydrated Na* and €1~
near the surface has been constructed. A barrier on the po-
tential profile at the short distances between ions recent-
ly detected by Karim and Mc.Cammon (J. Amer .Chem. Soc.,
1986,v.108,p.1762) by using the same approach for the same
ions in the bulk of solution was found to decrease under
influence of the metal surface.

The computational results are analysed in detail and
discussed in the light of electrochemical data.
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ROLE OF ADSORPTION PHENOMENA IN CADMIUM AND CUPRIC IONS
DISCHARGE KINETICS IN MIXED SOLVENTS

V.V.Kuznetsov, L.G.Bozhenko, S5,S.Kucherenko, O,V.Fedorova

Institute of Physical and Organic Chemistry,
Rostov State University, Rostoveon-Don

On the basis of systematic investigation of binary mix-
ture of water and non-agueous solvents M-¥ Lt wege established
that the metal ions discharge on the positively charged sure
face of electrode took place in conditions of competitive ad-
sorption of anionsg and molecules of organic component (OC)
of the mixture. The processes of structure formation emd com-
plexing in the mixed solvents having influence on the degree
of ahlon solvatlon determine the value of its adsorption on
electrode and, as a .result, the surface concentration of OC.

In perchlorate water~dimethylformamidic electrolytes /V/
under "small" concentratlion of DMP cpyn (less then 4 M) the
discharge of Cd°* fons through the film of organic solvent
molecules adsorbed at the electrode plays a decisive role in
the kinetiocs of the process. Realization of such a mechanism
is accompanied by the inhibition of electrode reaction (Fig,,
curve 1). The effect achieves its maximal dimensions in the
area of structural stabilization of the mixed solvent ( 4 M
of DMF) (solution of DMF ixi water),where the influence of its
salting~out action en the solution components leads to a de-
ocrease in the reducible ion size. Under "intermediate"  DMF
concentrations (4-8 M) (complexing zone), the participation
of non~-aqueous sclvent molecules in the cation process over-
solvation and of anions in the formation of adsorption layer
at Cd-cathode surface exert a decisive influence on electro-
reduction rate of ions. According to the elementary act theo=-
ry of electrochemical reactions this fact is accompanied by
the acceleration of electrode reaction., Under "large" CpMF
(9-12 M) (solution of water in DMF),the discharge of complex
cations with heterogensous ligands being formed in solution

is carried out at adsorbed state.
When surface~inactive non-coordinating perchlorate ani-
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ons having disordering action on water structure are replaced
by iodine anions being able to form covalent bond with sur-
face metal atoms, to participate in coordination wiith metal
ions in golution and to destroy water structure, the proces-
ses in the liquid phase do not change thelr character {data
of thermochemical measurements). While both kinetics and me-
chanism of C4°* ions discharge change significantly /2/,When
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Pig. Dependence of exchange current jo of discharge
reaction of cadmium (1,2,4) and cupric ions (3) on OC concen=-
tration in mixture of water and DMF,containing 0.01 M QdSO4+
+0.1"M 1iC10, (1); 0,01 M 0dS0,+0.1 M IiI (2); 0,01 M Cuso4+
+0.5 M H2304 (3); in mixture of water and acetonitrile, con=-
taining 0.01 M caso4+o.1 M IiI (4) (298 X).

the composition of liquid phase is varied either organic
solvent molecules or I~ are as ligands in the reducible com=
plex of cadmium ions. Under cpyn&4 M the formation of Ca*
activated complexes with iodine ions in adsorption layer is
accompanied by the acceleration of electrode resction (Fig.,
curve 2). While under Cpyp~ 4 M the complexing in solution
bulk and at electrode surface with participation of IMF mole-
tites leads to the inhibition electroreduction of cadmium
ions owing to formation of the dense adsorption film,The lat-
ter contains cationic complexes with organic ligands, which
is promoted by adsorption of surface-active I~ shions at the
electrode (data of independent measurements).

The study of electroreduction of cupric ions in sulfwte
water-dimethylformamidic mixtures /3/ again contirms the con-
clusion about a decisive role of the electrolyte anionic com~
position in the kinetics of cathodic process. The ability ef
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sulfate 3ions to form ionic pairs and polynucleated complex-
es with cupric ions where soﬁ‘ anions &ct as bridge ligands
has determined the character of exchange current dependence
on the composition of the mixture (Fig., curve 3).The latter
is analogous to that obmerved in the case of ions discharge
in presence of I~ anions. However, the change of acceptor
propertiea of the reducible ions 1s displayed to some extent
in the discharge mechanism, So, under °DMF< 4 M, the elec~
trode reaction acceleration is connected with formation of
the activated complexes of cupric ions with sulfate ions in
double layer region. While under DMF concentration 6-8 M the
inhibition of Cul't electroreduction is conditioned by the ki-
netic difficulties which are connected with the proceeding
dissociation of mixed complexes of type [Cu(Hao)x(DMF)y]2+
in solution bulk. Under cpy,> 8 M the main cause of the in-
hibition of the cathodic process is the discharge of complex
cations of type [Cu(DMF)]2* at adsorbed state.

The replacement of DMF by acetonitrile which is charac-
terized by considerably poorer coordinstive and adsorptive
properties is accompanied by a sharp decrease 1in the sensgi-
tivity of the Cd%* ions discharge rate to changes of solvent
composition (Fig., curve 4). As faint a jo-compoaition depen-
dence is also observed when both a depolarizator and an elec~
trode are selectively solvated by particles of the same type.
In experimental conditions water is specifically adsorbed at
the electrode surface (Cd) and it also forms the ion shele.
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VOLTAMMETRY AND IR SPECTROSCOPY OF NITROGEN (5+) IN
HIGH-BASIC MEDIA

R.K.Kvaratskheliya, G.R.Kvaratskheliya, M.G.Zhamierashvili

Institute of Inorganic Chemistry end Electrochemistry,
Academy of 8ciences of Georgia, Thbilisi

In this paper the results of the study of electroreduc-
tion and state of nitroden (5+) in the HNO3 solutions in
high-basic solvents -~ pyridine and formamide are described.

The measurements have been carried out by the methods
of voltammetry at the rotating disk electrodes, chronovolt-
ammetry and potentiostatic macroelectrolysis with an accu-
mulation and identification of the reduction products. The
high-purity electrodes from Cd, Zn, Sn, Cu, Cu-Hg and Ni
have been used. The solvents and salts underwent thorough
purification and drying. The .unhydrous nitrc acid was
obtained and used. Together with the electrochemical measu-
rements the IR specirograms of the HNO3 solutions in studi-
ed solvents were also registered.

Fblvent —Elec- “Ey /2 k,, cm/s One can see
trode |V (s.c.e.) from the table that
- = the electrochemical
gg ?:Z? 3,4-10 ] activity of nitro-
pyri- 01 ?,gi‘ 1,2:10 1| gen (5+) in pyridi-
dine IIT 1:56 _ ne and formamide is
Cu 0,54 - 7 different. The wa-
Cqug 8:2% %:?:18—6 ves of nitrogen(5+)
=3 reduction in the
ga 1.9 343710 0, L{C10,pyridine
Form- sn - - solutions ere ob-
amide CgEHg - - gerved at all used
Ni - - electrodes (in the

case of C4d and Cu-
-Hg elecirodes the clear peaks at the chronovoltammograms
are also observed). In the 0,1M LiClO4 formamide solutions
the well-derived wave is observed in the case of Cd only;
the ill-derived wave tekes place in the case of Zn. Potan-
tioatatic macroelectrolysis of the HNO3 solutions in the

astudied solvents showed that the main product of reduction
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is HNO2.

IR spectroscopic measurements have shown that din the
HNC, pyridine solutions in the frequency region 2900 - 3100
cm'? (where the absorption band of pyridine isg observed)
two new bands corresponding to the N-H bond vibrations ari-
se (at 2970 and 3040 cm_1). This fact testifies to the exis-
tence of pyridinium cation C5H5NH+ in solution. The band at
1350 cm™ ! corresponds to a 3 vibration of NOS ion with D3h
symmetry. IR spectrum of high-structured formemide contains
a number of the broad absorption bands hindering the obser-
vation of the nitrogen (5+) bands. Therefore only the weak
band at 820 cem™ ! corresponding to a 5 vibration of NOS ion
with D h symmetry has been registered. Hence the mein state
of nitrogen (5+) in the studied high-basic media is NO, ion.

The existence of nitrogen (5+) in the high-basic gol-
vents in anionic form causes the appreciable influence of
medium on the kinetics of its electroreduction. This fact
is confirmed by the table data testifying to a high elec-
trochemical activity of NOS ion in pyridine and a low acti-
vity (absence of the waves at a majority of the electrodes)
in formamide. In the latter (which is & protonic solvent )
the anions are appreciably solvated. It is clear that re-
duction of a strongly solvated NOJ ion is connected with
the difficulties; besides, in formamide (owing to its very
high dielectric constant) it is hard to form the electro-
chemically active associates of NOE ion with the lyonium
cations - proton donors. High electrochemical activity of
NOS ion in eprotic pyridine is caused by two main reasons:
weak solvation of the enion and low dielectric constant
(which causes the existence of NOB ions in the HNO, pyri-
dine solutions in the foxrm of electrochemically active lo-
nic pairs with the pyridinium cations - proton donorsh

One cen also see from the table that the kinetic pa-
rameters of the process of NOS ions electroreduction are
noticeably dependent on electrode nature. One of the rea-
sons of this dependence is, in our opinion, a necessity of
a structural correspondence hetween the elements of the
crystalline structure of the electrode surface and the abo-
ve-mentioned electrochemically active associates.
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TO THE ISING MODEL APPLICATION FOR ADSORPTION DESCRIPTION
OF TWO-DIMENSIONAL CONDENSED LAYERS OF ORGANIC SUBSTARCES
ON ELECTRODESOLUTION INTERFACE

S.leushera, E.V.Stenina

Moscow State University, Moscow

The Frumkin-Damagkin theory of organic compound ad-
gorption is the most ordinary base for explaining of expe-
rimental data, concerning adsorption of surface-active ox
ganic substances (SAS) on electrodes. Thir theory is based
on middle field approximation that corresponds to taking
into consideration the long-range order of molecules in ad-
gorption layer only. At the last time it has been pointed
out that from physical point of view for adsorption de-
eription of two-dimensional condensed layers of SAS it is
‘necessary to use lattice gas model (Ising model). This mo-
del is based on the statistics of the nearest neighbours
in the lattice, this means that the interactions of the ad-
sorbed particle are taken into account only with those par-
ticles, which are firmly fixed in the nearest to it sites
in the lattice of definite configuration.

The problem ef choice of adequate model <for descrip-
tion of SAS adsorption can be solved on the base of SAS ad-
sorption data in wide temperature range. Recently it was
estrblished, that Ising model is applicable for substances
with flat molescular structure or to organic ions.Therefore
it is interesting to verify different ways of adsorption
degcription for condensed layers of SAS, formed by spatiael
molecules,  particularly with diamondlike framework struc-—
ture. Such layers are characterized by higheast values of
attraction constants in Frumkin isoterm (4,5~6), It can be
assumed that Ising model considering the short-range order
of molecules is most applicable to these two-dimensional
systems.

Adsorption of 1-oxyadamantan (1-AdOH),3-oxyhomoademan-
tan (3-0GAd) and borneol was inveastigated in wide tempera
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ture range by way of capacity (C), potential (E) curves on
dropping mercury electrode. C,E-curves were measured in 1 M
Naaso4 and in some experiments in 3.9 M NaCl with addition
of 1-AJOH, 3-0GAd and borneol in temperature ranges 6-100.6°
7,5-85.4°, 18-104,6°C at final times of drop life (8-9 a).
The effeot of narrowing of adsorption region with tempera~
ture increase is observed for all investigated substances.
In all studied temperature intervals the form of C,E-— cur-
ves does not change essentially, it shows absence of new
structure of condensed layers at low temperatures.The gene-
ral peculiarity is also the rise of Cc values at potential
of the cathodic pit edge (Ec)' corresponding to phase tran-
sition of tha first kind.

At T5100.5°C for 1-AdOH and T> £5.4°C for borneol, con-
densed layer is destroyed, it is proved by disappearance of
Jumps on C,E-curves and capacity increasing in the region o
maximal adsorption., For 1-0GAd at the highest possible tem-
perature (104.6°C in 3.9 M NaCl) this effect has not been
observed. The effect of existance of condensed layers of in-
vestigated compounds molecules at such high temperatures is
found in the present work for the first time. It is explain~
ed by essentially more strong intermolecular interaction in
these layers in comparison with other types of firm adsorbe
ed layers.

The values of surface coverage (Q), received from ca-
pacity data, were used for calculeting attraction conatant
(a) for Frumkin model, quasichemical epproximation and
Ising model for different lattices: triangular, square and
hexagonal. Received a,1/T~dependencies are approximately 1i
near, as it follows from theory. However, for Frumkin model
and quasichemical approximation there is noticeable change
of plots slope at high temperatures. The results of linear
regression analysis show, that a,1/T-plots are described By
linear relations better in the case of Ising model for all
investigated compounds. The best conformity to linear law
is when relations for hexagonal lattice are vsed.The valuo;
of critical temperature for destruction of condsnsed layers
(Tc) were found by extrapolation of a,1/T-plo£s.Tho-Q o~
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lues of Tc are essentially higher for Frumkin model and quasi-
chemical approximation in comparison with experimental and
those derived from Ising model values. For borneol aad 1-AdOH
the values of T, are practically identicel for different
lattices and coincide with experimental values (101and 85, 4°c
for 1-A4OH and borneol), For 1~0GAd with Na2SO4 as indiffe-
rent electrolyte, the values of Tc for different lattices
coincide practically also (116.7-117. 4°C), When 1 M Naaso4
is substituted for 3,9 M NaCl, Ising model shows for diffe-
rent lattices noticeable distinction of T values, which is
larger than possible errors (121.7, 123, 125 2°¢ for triangu
lar, square and hexagonal lattices). There is the increase of
e values when 1 M N32804 is substituted for 3.9 M NaCl.These
effects show important role of indifferent electrolyte in
forming of two-dimensional condensed layers of SAS,
Evaluated values and relations for different models and
lattices were used for oalculsting 0 1T-dependencies at large
temperature interval up to T . These dependencies were com-
pared with experimental ones. The curves, considering Ising
model, differ essentielly from the ones, calculated accord-
ing to Frumkin model and quasichemical approximation. In the
cage of 1-0GAd accessible for measuring values of tempera~
tures were far enough from Tc. Therefore experimental data
for 1-0GAd are in the region of high values of O, where re-
sults of experiments and calculations ccincide practically.
For borneol end 1-Ad0H experimental Oc,T-dependencies coin-
cide with results calculated by the Isging model.
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‘EQUILIBRIU¥ DOUBLE LAYER STRUCTURE AND ELECTRODE KINETICS AT
ELECTRON-CONDUCTING POLYMERS.

M.D.Levi

A.N. Frumkin Institute of Electrochemlstry of the Academy of
Sciences of the USSR, Moscow.

Thermodynamic analysis of electron-1onic equilibriums
at the (metal) / (electron-conducting polymer film) /
(background electrolyte solution) interfaces shows [1,2] the
charge carrier concentration (of polaron type) inside the
polymer to be dependent on the Galvani potential across the
metal/polymer interface by the equation:

In[PT*] = const + Fy,/RT (1)

On the other hand, assuming & Donnan-iype equilibrium (i.e.
selectively permeable properties) for anions A~ at the
polymer/solution interface the bulk concentration of these
specles was found to be

ln[A;] = const'+ chps/m' , (2)

where pcps is Galvanic - potentlal across polymer/solution
Interface.

Potentlal drop across & whole cell at equilibrium, E,
is the sum of three Interfacial differences:

E= b+ p¢s + g% 3)

with ¢, depending on the reference electrode ( we conslder
a reference electrode to be in equilibrium with the cations
of electrolyte in the solution).

Due to the local electroneutrality In the polymer bulk
the concentration of polarons 1s counterbalanced by the
concentration of anions: .

1pTt] = [A;] (4)
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Now substituting Equation (3) Into (1) and (2) with taking
into account Equation (4), one obtains

[P = 1470 = K((#11421)"/2 exp(FE/2RT), (5)

where K is a combination of standard potentials of the
corresoonding specles, [M;] i1s a concentration of cations in
the solution.

It 1s to be noted, that Equatlion (5) 1s true for relatively
low values of doping (6<<1). Double-value slope for the
dependence of the electrode potential E on the logarlthmic
concentration of polarons 1g(PT'1 as compared to typical
Nernstian behaviour results immediately from this equation.

Analysis of 2 set of different equilibriums during
doping of the polymer could in principle be generalized for
both intermediaté and 1imiting doping values. In the Iast
case one obtains two alternative potential distributions
across Galvanic circult depending on the particular entropy
contribution to a free energy expression for  doping
reaction. The first one corresponds to potential drop across
the polymerssolution 1Interface (quasimetal behaviour of
conducting polymers, e.g. polypyrrole, polythiophene, etc)
whereas the second one leads to variation of potential
across the metal/polymer interface only (conventional redox
polymers, e.g. polyvinilferrocene).

Reactions of different solute redox couples at
polythiophene will be discussed in detalls, thus supporting
the phenomenological model for the mechanism and kinetics of
electrochemical reactions at electrodes, covered with
conducting polymers films (3-5].
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THE EFFECT OF TEMPERATURE ON THE OUTPUT SIGNAL
OF AMMONIA GAS SENSOR

Y.Loodmaa, M,Arulepp, A.Tiilr
Tartu University, Tartu

Gag-gsensing electrodes consist ofen ion-selective elec-
trode in contact with a thin layer of aqueous electrolyte
that is confined to the electrode surface by an outer memb-
rane, The latter is chosen to be permeable to the gas. In
the case of smmonia microporous membranes are used.Disgolu-
tion of the NH3 in the thin layer of electrolyte -causes a
chenge in pH due to a shift in the equilibrium position of
the chemical reaction

NH; + HpO m=rr NH, + OH™ .

The change in the pH sensed by the wunderlying pH
glass-electrode is proportional to PxE of the sample,

Potentiometric gas sensors are widely used today
for water analyais and bioenalysis /1/. As the NH3 content
of water is of essential significance for fishs, the ammo-
nia sensors are very important in water analysis in fish=-
.=breeding /2/. Ammonia gas sengors can be ugsed for conti-
nuous monitoring of ambient ammonia in fish-ponds. The main
technical problem when using ammonia sensors is a great and
gsometimes nonlineer dependence of the output. signal of the
sensor on temperature. Our other investigations of the pro-
blem have been published earlier /3/.

The investigated ammonia sensors have been made in Tar-
tu University. The buffer solutions pH inside glass~elec-
trodes of sensors was equal to 4.01; 5.70 or 6.86., The in-
ner solution of the sensors consists of 0.01 M NH4C1+0.1 M
KCl. The reference electrode and the one inside glass were
gilver-gilverchloride electrodes, The probe was sgeparated
from the sample with the microporous membrane., All investi-
gations have been done at constant temperatures at 15, 25
and 35°C. Before the megsurements 1 M NaOH golution was ad-
ded to the samples to make pH 11.6 and transform all NHZ
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into the NHB form.

The main results of measurements are shown in Figure 1.
From the results, 1t is clear that the dependence of the out-
put signal of emmonia sensor on temperature is quite similar
in all three cases, although the signels' value itself in-
creases by 55 mV/pH with pH growing inside the glass~elec-
trode. Our calculations show that in the most common case,
when the solution under investigation contains 0.2 mg/l NHB’
the pH value of the inner solution of the sensor will be
6.42.

‘zn:yhv

Fig.1. {
Effect of pH of solutions wF .
-

in glass-electrodes on NH; . %2
‘sensors’ calibration curves.

pH inside glass-electrodes: 100
1!213 - 4'01;1'92',3'-5070; ‘I
m,2",3"%- 6,86, Temperature: 0

1,1',1" - 15%;2,21,20 - 25%; -
3,3',3" - 35°C.
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It was found /4/ that glass-electrode potential slight~
ly depends on temperature, where in the so called isopoten-
tial point pH values inside and outside glass-electrode were
close., Our results show that the temperature dependence of
the sensors' output signals differs from the dependence of
glass-electrode's potential., The slopes of curves in PFig.1
are about 50-55 mV and they increase by about 5 mV with ri-
sing temperature to 20°¢c,
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ADSORPTION OF SURFACTANTS AND METAL ELECTRODEPOSITION
KINETICS

Yu.M.Loshkaryay
Dniepropetrovsk State University, Cnieprpetrovsk

The effect produced by the adsorption of surfactants
on various stages of metal electrodeposition is discussed.

a. The discharge and penetration stages. The effect of
a sharp inhibition of cathodic metal electrodeposition at
high surface coverage by the adsorbate, the effect being
found In . 19339 became the basis for the subsiquent theo-
retical and applied investigations. Later on, it has been -
shown that a low adsorption limiting current {il,ads) ari-
sen by the surfactant adsorption was stipulated by the slow
ness of the stage of the reacting ion penetrations through
the surfactant adsorption layers{M.A.Loshkaryov). Rppearing
of il,ads results from the model according te which at the
surfactant presence the electrode reactions always involves
the penetration stage of the reacting particles inta the
surface laver (B.N.Afanas“ev). The effects produced by pH,
temperature, the nature and concentration of the anions in
the supporting solution, the adsorbed particle arientations
on the effectiveness of the surfactant inhibiting action
has been studied on the basis of the concepts on the roles
of the discharge and penetration stages (Yu.M.Loshkaruvov,
F.l.Danilov).

b. Chemical stages. The approach accounting chemi-
cal interaction between the metal ions and the additives
which is used for the discussion of the inhibiting and

accelerating actions of the surfactants is presented (Yu.M.
Loshkaryoy, V.F.vargaluuk).

The adsorption of the metal ion-surfactant complexes
on the hard electrodes and their copcentrations () are de-
termined by the double layer differential capacity measu-
ring methods, by the chronocoulometry and the cathodic and
anodic chronopotentiometries. The walues of [ obtained co-
incide with v that abserved at the monolaver adsorpti-
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on. The advantages of the anodic chronopotentiometry used
for study the adsorption of electroactive complexes of metal
ions with surfactants are discussed.

The chemical reaction precedes the electrone transfer
stage provided that the interaction between the reacting
iens and surfactants results in the formation of the elect-
roactive complexes. It has been found by the chronopotenti-
ometry that these reactions occur not in the bulk laver but
directly on the electrode surface involving the surfactants
ohserved. Depending an the nature of the surfactants, the
presence of the bridge atoms or groups in them and their
orientations on the surface, the formation of the complexes
adsorbed may lead both to discharge acceleration and to its
iphibition and in both cases mentioned the mechanism of the
process invelving the surface chemical reaction of the me-
tal ions and the surfactants adsorbed preceding the dis-
charge process is realized.

The rate constants of the formation of the correspon-
ding monoligand complexes are determined. The electroinac-
tive complexes of the metal ions and the surfactants pro-
duce the same effect on metal electrodeposition as the
electrochemically inert surfactants do.

¢. The crustallization stages. The effects of the sur-
factants on the nucleation at a foreign surface and on the
following growth of the metal polyatomic layers have been
analused (V.VY.Trofimenko, Yu.M.Loshkarwov, T.I.Lezhava, et
al.) The two basic mechanisms of the surfactant effect on
the nucleation have béen found:

1) the surfactant adsorbed at the metal nuclei inhibits
their growth and decreases the rate of the development of
the nucleation exclusion zones forming around the crystals
growing;

2)  the surfactant adsorbed at the active centres of a
foreign surface excludes  the latter from the nucleatian.

The iphibition of the copper nucleation at a fereign
electrode manifests in a considerable ipcrease in  the
crystallization overpotentials (qk) and in changing of the
nucleation work {A); there is no correlation between ny and
A.  The caomparison of A values obtained at the presence as
well as at the absence of the surfactant permits to evalua-
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ie qualitatively the effects of the additives adsorbed at
the electrode-solution, nucleus—-solution and electrode-nuc-
leus interfaces on the value of the nucleation woerk.

While studing multilaver electrodepasition the most
productive approach is a combined ane involving the compa-
trison of the polarization characteristics, the fine struc-
ture apd the phusico-mechanical properties of the coatings.
The influence of the additives mostly on the crustalliza-
tion without a copsiderable inhibition of other stages of
the electrode process is discussed. In such susiems a
slight increase of the polarization results in a radical
change of the morphology and the structure of the platings.
The interrelation between the surfactant effect on the cru-
stalization stage and the effects of the chemical interac-~
tions of the reacting ions and the additives has been
shown.

There are discussed the following unselved questions
being the matter of interest for further inwvestigations:
the determination. of the relation between the nature of
the surfactants, thelr effects an the kinetics of separate
stages of the electrode process, and finalluy,on the struc-
tures and properties of the platings; the elucidation of
the penetration mechanism of the metal ions through the
surfactant effect on the electrade process kinetics and
mechanism in the range of the negative potentials (the
incorporation of the alkali metals and hudrogen evolution,
the discharge of the electronegative metal ians resulting
in alloy plating).

The questions being the matter of interest for the me-_
tal electrodeposition have been discussed. Theuw are follo-
wing: the role plaved by various componpents of the taotal
overpotential: the possibility of the additive sglection
vased an E.A.Nechaev’s concept on the selective adsofption
of surfactants on metals and oxides; the functisnal appli-
cation of the components of the surfactant mixtures.
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ELECTRICAL DOUBIE IAYER ON THE SINGLE CRYSTAL ANTIMONY
ELECTRODES IN THE ETHANOLIC SURFACE INACTIVE
ELECTROLYTE SOLUTIONS

E.Lust, K.Anni
Tartu University, Tartu

The electrical double layer (edl) and adsorption pro-
perties of electrodes do not significantly depend only on
the chemical composition and cryastallographic structure of
the surface, but also on the geometric dimensjions and compo-
gition of solvent molecules /1,2/. But the influence of the
crystallographic orientation of single crystal planes on the
ed]l characteristics have been studied mainly in the aqueous
golutions and in the electrochemical literature there are
only few works /3,4/, devoted to the study of the edl struo
ture the single crystal planes in nonagueous solutions.

This paper concentrates on a comprihensive study of
the influence of the surface structure of Sb and Bi single
crystal planes on the edl parameters in the ethanolic sure
face inactive electrolyte solutions.

Preperation and surface treatment of the Sb and Bi
single crystal electrodes have already been describead, as
well as the impedance measurement technique and preparation
of the solutions /3~6/.

The edl differential admittance was measured in the
rangé of 110 to 5100 Hz. .As for the single crystal planes
of Bi in aqueous and ethanolic solutions /3-5/, and for the
single crystal planes of Sb in aqueous golutions /6/, the
differential capacity C dispersion for the contact SWEtOH
over the whole potential E range is 8-12 % with a.c. fre-
quency V varying from 710 to 5100 Hz. At Vv £ 510 Hz, in the
region of ~0.75<4E<-0.55 V, the maximum of peeudocapacity
on the C(E) curves has been obmerved. The height of this ma-
ximum decreases as the frequency increases and at )21100Hz,
this maximum has not been observed.

The C(E) curves for the Sb(001) in the ethanolic solu~
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tion of LiClO4 at ¥ = 2100 Hz are represented in PFig.1. As
can be seen, the potential of the capacity minimum Em is
independent of the Ca10” with a relative accuracy of =10mV,
when the °01o;,: changes 4 ¢rom 5-10"4 to 5'10'3 M.As for the

C/pfem? 05£1hﬁwp‘ //i ‘
////
b . 2
2
1 1 1 1
05 10-E/NV O 05 Clemiur”

Pig.1., C{E) curves (a) for the plane (001) of Sb at V=
=2100 Hz in the ethanolic solutions of LiClO4, M: 1 - 0.1
2 - 0.03; 3 - 0,01; 4 - 0.005; 5 - 0,003; 6 - 0.001; 7 -
0.0007. The Parsons-Zobel plots (b) at €=0 for the planes
(111) = 1 and (001) - 2,

pingle crystal planes of Bi in EtOH /3/, it may be assumed
that a veryslight specific adsorption of 0102 anionsg occurs
at the Emc and for the most dilute LiClO4 solution the va-
lue of Emc may be identified with E6’=0 for the single crys-
tal planes of Sb in the EtOH (Teble 1).

Table 1

Electrical double layer parameters for the sgingle
crystal planes of Sb and Bi in EtOR-

Electrode | Eg o20.01] £ .1 ¢2 o | o | Oo/C%wo
-2 -2
v 4!zI‘-cm . cm
Su(111) -0.26 | 1.01] 11.5 | 6.5 1.78
$b(001) -0.19 | 1.04f 13.0 [ 7.2 1.80
B1(111) /37| =0.45 |1.03] 15.1 6.9 2.18
B1(001) -0.42 | 1.08] 16.4 | 7.6 2.15
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As for the aqueocus solutions /5,6/, the dispersion of
zero charge potentials AEJ=0 for the planes (001) and (111)
of Sb in EtOH is higher than AE6§0 for the planes (111) and
(001) of Bi (Table 1). The AE, , for the planes (001) and
(111) of Sb and Bi in ethanol is somewhat lower than in the
aqueous surface inactive electrolyte solutions /5,6/.

The Parsons-Zobel plots for the Sb(001) and Sb(111) in
EtOH solutions can be considered linear, when the °14C10 de~
creases from 0,1 to 3-10'3 M (Fig.1b). The inverse alops of
the Parsons-Zobel plots fp_ , 1is equal to 1.01 and 1.04 for
the planes (111) and (001) of Sb, These values are asomewhat
lower, than for the aqueous /5/ or acetonitrilic (AN) solu~
tions /4/ and can be ascribed to weaker dependence of the va-
lues of zero charge potential on the crystallographic struc-~
ture of planes in EtOH, than in the H20 or in the AN solu~
tions.

The inner layer capacity charge density, 01(67, curves
were calculated according to the Grahame model and the Va=
lette-Hamelin method. The monotonic 01(6) curve wes obtained
for the value of the fitting coefficient F, which varied
from 1.03 to 1,20 for the Sb(111) and from 1.06 to 1.30 for
the Sb(001), when the cric10, Gecreases from 0.1 to 107> M,
As for the Bi/H,0, Bi/AN; BifEtOH and Sb/H,0 interfaces, the
values of the inner layer capecity at 6=0 and at 6<<0 for
the Sb(001)/EtOH interface are somewhat higher than for the
S5b(111)/EtOH system. It follows from Table 1 and data of
works /3-6/ that the relation cé.ﬂolc‘i,.‘co is practically in-
dependent of the crystallographic structure of the plane and
it increases in the sequence of systems Bi/AN < Bi/H,0<Sb/H,0¢
£ Sb/EtOH { Bi/EtOH. Respectively, according to the criterions
of /2/, the specific interaction of the solvent molecule di-
pole with the electrode surface atoms increases in the same
order of systems.
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ELECTRICAL DOUBLE LAYER AND ADSORPTION OF CYCLOHEXANOL
ON THE (0001) AND (1120) FACES OF CADMIUM

E.Iust, J.EBhrlich
Tartu University, Tartu

According to the experimental results /1~5/the electro-
chemical properties of zinc and cadmium electrodes do not
significantly depend only on the chemical composition but al-
go on the crystallographic structure of the surface,The zinc
and cadmium are electron-analogues and they are crystallized
in the same hexagonal close-packed system. Differently from
the zinc single crystal electrodes /1,2/, in the electroche-
mical literature there is no quantitative information about
the structure of the electrical double layer (edl) and adsorp-
tion of ions and organic compounds on the cadmium single
crystel faces, expect the preliminary data of /5/.

The present paper is devoted to a comprehensive study of
the edl structure and adsorption properties of the cadmium
and zinc single crystal planes in agueous solutions.

The electrodes are discs of 34 mm in diameter and 5 mm
in thickness that have been prepared by cutting from the mo-
nocrystalline Cd by using the anodic dissolution method in
. aqueous H3P04 solutions. The crystallographic orientationis
determined by X-ray using a special goniometric head.The pre-
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cigion oz the orientation is 20.2°. The isolation of the fa-
ces has been.carried out by a thin polysterene film (dis~
solved in toluene) covering the part of no interest,and then
the sample was placed into a Teflon holder. The surface has
polished to & mirror finish by using standard metallographic
procedures. The final surface prepaspation was obtained by al-
ternative electrochemical polighing in the aqueous HBPO4 S0~
lutions and cathodic polarization in the working solutions
/3/. The basal face {0001) was prepared by cleaving of s
‘ single orystal at the temperature of liquid nitrogen.
The capacity measurement technique and preparation of the so~
lutions have already been described in /1,5/.
The edl differential admittance was measured from 110
to 11000 Hz. As for the polyorystelline cadmium (®PC Cd) /3/,
s slight variation (<9 %) as s function of the frequency,in
the 0.1 M RaF solution, mllowsg the measurer admittance to be
identified with the differential capacity C. The potential
range extended from -~0.9 to -1.7 V vs. SCE. The influence of
the diffuse layer to the total capacity of edl 1is visible
for concentration °N3F5°‘1 M. The potential of the capacity
minimum’ Eme 1a independent of the cp= With a relative accu-
racy of ¥5 mV, when the cp= changes from 1077 to 1072 M, 4As
for the PC Cd /3/, it may be assumed that no significant spe
oific adsorption of F~ occurs at the E,. aod the value of
Emc may be identified with E6‘=0 for the single cnystal pla-
nes of Cd (Table 1). It follows from Table 1, that the dis-
persion of the:AE, o for the (0001) and (1130) faces of Ca
ig isomewhat lower than for the {0001) and (1120) planes of
zin_c_:" (AEg_ o 90 mV) /1,2/. The value of Eg.g for the Cd
(1120) plane is in good agreement with that given in ref./S/:
~0.99 V. The inverse slope of the Parsons-Zobel plots fp ,
is equal to 1.18 for the (0001) and 1.27 for ths (1120) pla~
ne of Cd. The higher values of fP-Z in ref. /5/ can mainly
be explained by the geometric roughness and the energetic ine
homogenity of the mechanically cutted Cd (1120) electrodes.
The inner layer capacity 01(6') curves were calculated ac-
cording tc the Grahame model and the Valette~Hamelin method
/6/. The monotonic CH6)curve is obtained for the value of
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the fitting ecoefficient F which varied from 1.05 +to 1.25
for the (0001) plane and from 1.10 to.1.35 for the (1120)
plane when the Cyar decreased from 0.1 to 0.001 M.

Table 1

The edl and adsorption paremeters of cyclohexanol
on the single crystal planes of cadmium

i 1 AT

Blectrode| E. o |fp_s|%.0’ Co«a | 2o Bo g | Dx10 13,
20,01 v Fon2| Pom™2 dmz, | -2
=D, amol— || etom.om

€d(0001) [-0.93 [1.16| 39.3 | 17.1 [1.57[14.2 1.31

cd(1120) |-1.01 |1.27| 34.6 | 16.5 [1.37[21.3 .69

BC Cd

/3,5,6/ |=0.97 [1.30 30-35| 17-18]1.28/14.0 -

The main adsorption parameters of cyclohexanol (CH),caX
culated by the Frumkin-Damaskin theory, are given in Table 1,
where the symbols have their usual meanings, The C(E) and
Emax-Eﬁ.___o (1ge) curves given in Fig.1b and 1c, as data 1in
Table 1, show a significant difference in the adsorption

Fig.1.

C(E) curves (a) for C4(0001)
in aqueous solutions of NaF,
M:1 = 0,132 « 0.05; 3 - 0,02;
4 - 0,01;5 - 0,007;6 -0.0045.,
C(E) curves (b) for ¢€d{0001)
in 0.1 M NePF golution (1) and
with additions of CH in cone
centrations, M: 2 - 0.01; 3 -
0.05; 4 - 0,135 - 0,2, Depen-~
dence of the relative poten-
tial E"‘“—E6=o of the adsorp-
tion-desorption maximum on the
1ge of CH (c¢) for the (1120) -
1 and (0001) - 2 planes of Cd.

CuFent?
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properties of single crystal and PC Cd electrodes /4/.As for
the zinc electrodes /2/, the height of the adsorption-desorp-
tion ma.xiﬂmm_at lcCH=const, inereases in the sequence of

PC Ca<0€d(1120)<Cd(0001), which means, that the attractive
interaction between the adsorbed CH molecules increases in
the gequence from PC Cd to Cd(0001), As shown in Table 1,
the adsorption activity of CH increases 1in the sequence of
PC Cd < €d(0001) < ca(t120). Consequently,as for the zinc .elec-
trodes /1,2/, the adsorption activity.of CH increases as the
superficial atomic density D of Cd gingle crystal planes de-
creages., But the adsorption activity of CH is somewhat high~
er on the Cd/solution interface than on the Zn/solution in-
terface, which can be explained by incremsing the hydrophy-
1ity of electrodes in the sequence:Cd(1120)EC Cd <Cd(0001)<
<zn(1120) < Ec~2Zn < 2n(0001).,
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ADSORPTION OF €17, Br™, I™ and SCON™ ANTIONS
ON SINGLE CRYSTAL PLANES OF BISMUTH ELECTRODES

K.lust, M.Selve, E.Lust

Tartu University, Tartu

The adsorption of halides and SCK” on the single crys-
tals of various metels has so far besn the object of a few
quantitative gtudies /1-2/. In this work the specific ad-
gorption of 017, Br~, I~ and SCN~ has been studied on (111),
(001), (01?), (107) and (211) faces of bismuth. Bismuth as
the electrode material is characterized by the existence of
two types of bonds (covalent and metallie) Dbetween the atoms
in the lattice, by the low dispersion of the zero charge po=
tentials E6=0 of various planes, but by the strong depend~
ence of the adsorption parameters for orgeaniccompoundsa the
crystallographic structure of the plares /4/.

The investigations of the specific edsorption of anions
on the single crystal planes of bismuth were carried out in
mixed aqueous solutions xM KA®+(0.1-x)M KF with constant
ionic strength by measuring the dependence of the differen-
tial capacity C of the electrical double layer on the elec=
trode potential E. According to our previous data F~ ions
are surface-inactive on bismuth and therefore they werechosen
ag reference anions. The reference electrode was an aqueous
saturated calomel electrode. Fabrication of the single crys-
tals of bismuth and surface treatment of the electrode have
been described, as well as the capacitance measurement tech-
niques and preparation of the solutions /1,3,4/.

In the presence of specifically adsorbed anions in so-
lutions a sharp maximum on the C,E-curves ig observed at the
potentials B ~0,55 V for I~, at E»~0.5 V for Br, at EJ
>=0.45 V for C1° and at E»-0.3 for SCN~ anions, respecti-
vely (Fig.,1)., This maximum moves towards the more negative
potentials, with the fraction of the surfaces active electro-
lyte =x in the mixture decreasing and the height of this
maximum (x = const) increases in the sequence of planes (111)<
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¢ (27174 (017)< (1cT)£ (001) and for the anions range 0l

ZS80N"< BrT« I7. This capacity meximum is_probably caused by
the strenghiening of the covalent nature of the adsorptive
bord between the halide ions and the surface of bismuth,cau-
ged by the charge transfer process, At the potential values
E> =0,5 V the capacity dispersion with frequency took place
and only the equilibrium C,E-curves at E<£L~0.5 V were used
for the quantitetive treatment.

C/ufcm?

Tig.1.

C(E) curves for the
single crystal plane (001)
of bismuth in 0.1 M agque-
ous solutions of various
electrolytes: 1 = KF; 2 =
KCl: 3 - KBr: 4 - KSCN and
5 - KI,

025 050 ﬂilf t(ID-E/V

The charge of specifically adsorbed anions and the
other adsorption pdrameters calculated according to the Hur-
witz-Parsons-Dutkiewicz method are reported in Table 1. The
symbols in Table 1 have their usual meaning.

On the basis of(ﬁ;d-plots the specific adsorption of
anions would seem to increagse as the superficial atom densi-
ty increases in the sequence (107)2(001)<(111)<(271)<(017).
For every face the specific adsorption of anions inecreases
from T to I~ as the hydratation energy of anions decrea-
ses in the sequence T~ > (17> Br > SCN > I, It is very in-
teresting to note that the differences in the surface acti-
vities for various single crystal planes of bismuth increase
with the growth of the adsorption asctivity of anions. But it
must be mentioned that the adsorption of halides on the single
crystal planes of silver is as strong as'the adsorption of
C17, Br~ and I” anions on the single crystal planes of bis-
muth, According to our previous date /4/ the adsorption of
water would be higher for silver and the difference in beha-
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viour between these two metals may be considered for a
firmation that the determinative factor of the

CO1l~-

gpecific ad=-

gorption of anions on Ag is the halide-metal interaction /2/.

Table 1

Adsorption parameters of anions for the bismuth single
crystal planes in the aqueous solutions 6= %ﬂCocm'z)

Anion | Plane 19@520 B ,_1 K0212 K1212 X=Xy
nmejon ‘ﬁFacm ﬂE-cm X,

c1” (111) 3.4 4.5 28.3 115 0.25
(F01) 2.7 0.5 31.6 158 0.20
(001) 2.8 1.8 32.0 150 0.21

(017) | 2.9 2.6 30.3 86 0.34

(217) 3.4 3.2 29.4 93 0.32

SRR N N N P D L _
Br~ (111) 4.8 1.6 27.5 102 0.27
(107) | 4.7 1.1 28,0 104 0.28
(001) 5.0 2.4 29,0 94 0.31

(017) 6.0 2.6 29.0 81 0.36

(271) 5.3 1.1 28.9 81 0.36

B Tt R A s R I
1~ (111) 7.6 0.7 28.3 96 0.29
(701) 7.7 0.4 29.4 99 0.30

(001) 8.4 1.6 28.6 91 0.32

(017) | 10.8 4.3 21.9 56 0.39

(277) 9.6 2.8 23.4 65 0.36

SCN~ (111) T.4 2.2 25.0 125 0.20
(1o | 7.3 0.8 23.0 120 0.19

(001) 7.7 0.9 25,2 137 0.18

(01| 8.3 0.7 25,1 125 0.20
(271 | 1.9 0.8 25.0 119 0.21

According to the data of Table 1 the values of the equi-
librium adsorption constant 1np relatively weakly depend on
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the crystallographic structure of the plane. lLateral inter-~
action coefficient B in the virial isotherm depends to a
great extent on the bismuth single crystal plane index. The
inner layer parameters for aqueous solutions are less sen-
gitive to the variations of the crystallographic indexes
than for ethanolic solutions /5/ due to the change of the
golvent molecule orientation on different gingle corystal
planes and to the fact that water molecules are more sym-
metrical than the ethanolic ones.
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STRUCTURE OF DOUBLE ELECTRIC LAYER AND RADIATION
OF RADIOWAVES

T.A.Marsagishvili, G.D.Tatighvili

Institute of Inorganic Chemistry and Electrochemistry,
Georgis Acad.Sci., Tbilisi

Electrode's electronic structure near the surface is
rather significant for the development of a double eslectrie
layer in electrochemical systems.

Temporal change in the electromagnetic field formed by
electrode brings to the irregular movement of electrolyte
iones. And it can result in electromagnetic waves radiation.
So, during the process of forming or changing of double elec-
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tric layer (DEL), one can observe, in principle,the electro~
magnetic radiation of different frequency ranges.In present,
, the rodiation of electrowaves' renge is experimentslly re-
gistrated /1,2/.

To be sure, let's examine a flat elecirode.The Pourier-
component of electromagnetic fisld's vector-potential in
point ¥, formed by q charged particle and moving at ¥(t)
rate looks like:

Ry() = — Jat?(f;t)ei(“’t'k*;";'(t)\ ), (1)
el F-F' g

In the frame of linear reaponse theory:
Va(Fy1) = - fdr_'wfdt'gvdpp(f"?';t-t'>E,§x(F',t'), (2)

where E®F - ig a field creatsiby electrode and Svp(f'oi"';t-t')
is a temporal delay of green function (GF) operators v and
medium polarization p, that could be bound to the GF ope=-
rators of electrode polarization:

Logky, pfFe¥"5e) = enmp
The coordinate of particle F(t)'s is determined by in-
tegration of correlation (3) in corresponding boundary con-
ditions, .
In general, calculation for concrete GF &pp systems 1s
a complicated problem, though one can use correlationsl ra-

(F,:F' $W) 1

tio between (¥,7";w)and dielectric permeability sd‘(;’;v;w)
/3/ ot system ahd apply different Edp('z?,l"';w)models to deter-
mine gpp .

When electrode is wet with the solution of electrolyte
or a polar liquid, one cen observe the electromagnetic radias
tion of radiowaves' range.

Indeed, in "gelii" model of metal, supposing that elec~
tronic density n 1is changing perpendicularly to the elec~
trode surface {axes z):

n(z) = 5 e*0(2) + n(1 - Lof) 0 (-a), (4)
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For liquid we use & model, where medium is characte-
rized by_ one characteristic time of fading Tpe

In this case we can write an equation of the movement
for a radiating parfiole:

dv . g& v
m&- o - =M
at © 1 3¢ 9 (5)
where m - is a mass of particle, /t -~ a chemical potential

of the metal.
Expressions for rate and coordinates look like:

v(z,t) = gtp% (1 - o=ty

(6)
z(t) = %Z’D % (t +'Z'De't/CD) + g

o

where 2z, - is determined from the boundary conditions (de-
pending on the structure of forming DEL).
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INVESTIGATION OF THE ELECTRIC - DOUBLE TAYER AT THE
ION-EXCHANGE/ELECTRODE INTERFACE AND INSIDE ICN-EXCHANGE
MFMBRANE

V.M. Mazin, Ju.M.Volfkovich, V.D.Sobolev, N.V.Churaev

AN.Frumkin 1Institute of Electrochemisiry, USSR Acad.Sci.
Moscow

Investigation of the electrochemical properties of the
ion-exchange membranes (IEM) is acquiring great importance
due to the ever increasing use of these membranes in various
electrochemical devices (electrokyzers, fuel cells).

The impedance spectra of a mercury-contact ce.l with
IEM at different water content In the frequency range of
10"—2:1 05}(112 were obtained with the use of a frequency
response anaiyzér Solartron-1255. The spectra were
interpreted on the basis of an equivalent circuit consisting
of two parts connected in serles. The first part corresponds
to I BEM proper and consists iIn the ohmic resistance of TIEM
Ry and the geometric capacity of IEM C; parallel to it. The
second part of the circult corresponds to the IEM/electrode
interface. This circuit 1is wsed +to describe solid
electrolyte/electrode interface /1/. It includes electric
double layer (EDL) capacity C, and the Warburg constant
describing the vibration under the action of the electric
field of fixed IEM ions. The porous structure of the IEM was
examined by the standard porosimetry method /2/. The
electrokinetic potential was determined by the streaming
potential method.

From the values of Ry and ¢, the values of the
electrical conductivity (=) and effective dielectric
constant () of IEN were calculated. The dependence of 2 on
molsture content (%) can be divided Into three sections. In
the first section, with decreasing 9, ® gradually decreases
due to a greater sinuosity of the current path, formation of
dead ends, etc. The membrane thickness In this case does not
change, which points to unchanged structure. In the general
case when IEM is impregnated with the solution of a certain

equilibrium concentration Cp, 2 1s equal to a sum of
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parallel conductivities - the effectlve conductivity =, of
the solution of concentration C, present in the pore bulk
(excluding the layer near the surface) and the effective
surface conductivity &g i.e. the effective Ilongitudinal
conductivity of EDL. If IEM 1is impregnated with water
2,=0. Because of this fact,by using a power series of the
Archie type to describe the dependence of 2 on € 1t 1s
possible to estimate the value of the specific surface
conductivity K., that of the Ilongitudinal conductivity of
EDL gy =Ko/2Lppy and also the mean bulk concentration of
counterions in EDL CEDL=Q/ZSLEDL, where LEDL 1s the Helm-
holtz layer thickness taken,to be equai to 4A (see Table 1).

Teble I.
Mean Exc Specific|Charge Thick-
BN ngcﬁ re ?329331/25 mlr:lgce, f{ﬁ?‘ég ness
om = {(rm) @/8)1 "6 (ka/e) | ()
MK-40| 3.2 25 2,65 143 | 1,79 0,5
IMA-41} 8.0 25 2,0 110 1,75 0,5

The values of gy, are significantly ‘higher than the
maximum value of specific electrical conductivity of the
solutions of corresponding salts. This can be explained by
the absence in IEM of the mutual retardation effects of
oppositely charged ions since the conductivity in IEM is
practically monopolar due to counterions. The obtained
values of € TFM at large 4 are very high, up to 105.
Possibly, this can be explained by the existence of a
peculiar dipole -~ counterlon-fixed ion, whose length,
allowing for the hydration shells of both ions, can be
quite significant -~ 10-15 A.

From the values of 02 the value of the EDL capacity
Cgprat the IRM/mercury elecirode interface was calculated.
Cgpy, Proved to be clogse to that of the EDL capacity at the
1!2804 solution/mercury interface. The correct choice of the
equivalent cirguit was supported by the results of similar
measurements with IE¥ treated with n-butyl alcohol,in the
caseof | which Cppy; decreased due ‘to alcohol adsorption on
mercury.
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The streaming potential values obtained were then used
to determine the electrokinetic potential of the membrane
pore surface. 400

Fig.1. Results of the
calculations of the 300
electrokinetic potential

¢ of IEM MK-40 (1,2) and
MA-41 (3,4) at different 2o0
concentrations: ¢ of KCl
solution.

1 and 3 - calculated as o0
in /3/. 2 and 4 -
calculated as in /4/.

1 0" w0 0= -

The calculations were made according Helmholtz-Smoluchowskil
equation /3/ and with a correction for the overlapping of
EDL in thin pores/4/. Fig 1. shows the results of the
calculations of the absclute values of the {-potential for
IEM MK-40 and MA-41. The influenceof the overlapping of EDL
comes into. action at KCl concentrations below 107N when
#r<t. Analysis of the obtained data shows that at the KC1
concentration of 10! ( 1f rwi0) the water tramsport in
IEM 1s satisfactorily described by the classical Helmholtz-
Smoluchowski's theory. By measuring the outflowing solution
concentration,it was possible to study the reverse-osmotic
properties of IEM. An appreciable rejection of the EKCl
solution is observed for MK-40 only at a low concentration
(30% - at 107°K and 80% - at 10”*N) when EDL are strongly
overlapped.
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THE INFLUENCE OF SUPPORTING ELECTROLYTE COMPOSITION ON
EIECTROCHEMICAL REACTIONS AND SUBSEQUENT DEGRADATION
OF SOLID-PHASE POLYMERIC DIEILECTRICS

0.E.Mikulina, G.S.Shapoval, A.P.Tomilov, A.A.Pud
Institute of Bioorganic Chemlistry and 0il Chemistry, Kiev

Previously 1t has been established that the electiroche-
mical reactions and subsequent degradation of solid-phase
polymeric dielectrics are realized in the dense part of
double electric layer (DEL) along three-phase polymer-elec-
trode-solution interface (TI). As a whole, these processes
are determined as electrochemical reductive degradation
(ECRD) /1/.

In present'paper the influence of supporting electro-
lyte composition (various tetraalkylammonium salts) on the
pecularities of these processeé for the polytetrafluorethy-
lene (PTFE) and poly(ethyleneterephtalate) (PETF) have been
studied. ‘

All experiments were carried out in dimethylformamide
(DMF) in the presénce of various tetraalkylemmonium salts
(0.1 M) in a special cell, worked out by authors. This cell
secures the creation of a sufficiently big and reproducible
TI.

The degree of ECRD of the polymers can be calculated
from the following formula

o =am/S
where Am - decreage in the mass of the polymer f£ilms per
unit of itas squareksurface 8. :

The essence of research procesaes consists in the fol-
lowing, With the electrochemical reduction of the  polymer
along TI occur irreversible changes in its thin surface lay
er. The changes are connected with the elimination of func-
tional groups and/or with the break of macromolecular chein
accompanied with the decrease in the mass of the polymer.

The formed anion-radicals and dianions are accumulated
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on the polymer surface in the dense part of DEL along TI as
a result of PETF reduction., That leads to redistribution of
electron density in mecromolecules, to a strong Coulombic re-
pulsion between charged fragments as well as between the lat-
ter and the negatively charged electrode surface and then to
the break of the bonds least durable in these conditions and
to the transition of these fragments into the solution. Here
the erosion of PETF polymer surface is observed,

In case of PTFE electron transfer from cathode onto C-F
bonds with a aubsequent dissociation of the latter and chip
off the F~ anions are realized. And thin surface layer - of
PTFE is coloured black and it obtains semiconductive proper-
ties.

Table
The influence of supporting electrolyte nature on the
reductive potentials and of the FPETF and PTFE

PETF PIFE
Electrolyte -E1lzy ’E1/2 - 29 ‘E1/2 9' [ 208
v v g—cn\"2 v gocm-2

(C4Bg),KI 1.58 |2.30 | 0.47%0,09 2.15 |0.062%0.016
(C4Hg),MBr [ 1.63 |2.35 |0.46%0.02 2.14 |0.051%0,010
(C4Hg) NBF, | 1.67 |2.38 0.49%0,03 2.14 |0.057%0.015
(C,Hg),NC10, | 1.70 [2.39 |0.50%0.03 2.13 |0.0500,019
(CoHg),HC10, | 1,68 [2.34 0.79%0.06 2.11 |0.063%0.021
(CH3),NC10, | 1.63 |2.28 | 0.82%0.03 2.11 |0.009%0,002

It is established that the PTFE reductive potentials de-
pend on the nature of anion and on the size of tetraalkylam~
monium cation (Tablé 1)« The aniong can be disposed into the
line I"< Br < BFZ<4010Z according to their influence on the
PTFE reductive potentials.

At the same time, the nature of the electrolyte anions
has practicelly not influenced the peculiarifies of gubse~
quent chemical tranaformation of PETF. It can be connected
‘with the fact that the decay of reductive molecules and push-
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ing of charged fragments out into the solution are realized
along TI in dense part of DEL at the cathode. Its structure
in aprotic solvent by sufficiently high potentials is deter-
mined by the cation composition of electrolyte and it practi-
cally does not depend on the nature of anion.

In line of (C4H9)4N+, (C2H5)4N+, (CH3)4N+ the PETF re-
ductive potentials become more positive and the speed of the
decay of its reductive macromolecules is growing.

The gain in energy by the formation of ionic paire of
charged products of the reduction with +the cations having
smaller radiuses can be an other possible reagon of the de~
crease in the PETF reductive potentials.

For PTFPE the influence of the electrolyte anion nature
on its reductive potentimls ard subsequent transformetions
has not been found (Table 1).

But at the¢ same time, the influence of tetraalkylammo-~
nium cation size on PTFE reductive potential and on the rate
of its subsequent decay has been discovered.

A decrease in the PTFE degradation with the increase in
tetraalkylammonium cation size has been found.

It is evident that the established effect depends mnot
only on the DEL structure but ob the diffusion of cations in-
to the formed semiconductive layer on PIFE surface and on the
formation of ontercalculation compounds taking part in elec~
trochemical reactions a8 well. The cation size and rate of
its ditfusion into the reductive PIFE are comnected antibate
hically.
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MUTUAL, DEPENDENCE OF CHEMISORPTION AND ELECTRON PROPERTIES
OF METAL SNALL PARTICLES AND THIN FIIMS

E.L.Nagaev
NPO "Kvant",Moscow

As well known, the chemisorption plays an  important
part in electrochemical processes. In many cases the heat
and the rate of chemisorption on metal surfaces depend on
the Fermi energy 4 of adsorbent.For example, for a monova-
lent electropositive adatom the former is a linear  function
of (EA - /&) where E, 1s the valent electron energy of ad-
atoms. ‘Whereas for bulk samples 1s a fixed quantity,this
is not the case for small particles and thin films.Chemisor-
ption may strongly shift M ,and, in turn, this shift may
strongly influence the chemisorption itself. Thus, an indi-
rect interaction of & new type should appear between adatoms
which, in 1ts essence, 1s caused by a change In the electron
density of states (DOS) under chemisorption. This means a
new mechanism of the coverage dependence of the heat and the
rate of chemlsorption. By the same token, the chemisorption
ghould affect such electronic propertles of adsorbent as
magnetic susceptibiiity and so on.

Mathematically,the influence of chemisorption on /4 may
be related to change in boundary conditions on the electron
wave function % which in the simplest case may be represe-
nted 1n the form

Ylg + Aavsalg-o0, gp)

where ¥ 1s the normal vector to the surface S. Thus, the
chemisorption should influence the quantity /J .The bounda-
ry conditions (1) lead to the spatial quantization of elect-
ron levels, so the true DOS 1s a singular function of the
energy E.But a coarse-grained DOS may be introduced in  the
Born-Oppenheimer approximation which is a continuous functi-
on of the energy. The memory about the spatial quantization
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: manii‘ests‘ itself only in a surface correction to the conven-
tional dulk DOS.The most:.general expression for the coarse-
grained DOS in the case of (1) and the quadratic dispersion
law was obtained in /1/. Using it, one obtains the surface
correction Mg to the bulk Ferml energy Myt

2
M= fo+ P py =(37%n)%%/2m = kp/em ,
s

= = m— 2 .
Ms Vi (/“v + 1/72m £<) ‘arctg kFA - My/kpk -
. ic
- T 8- £, (@
My 2m,{2 (
where S is the surface area and -V 1s the volume of the
sample, B(x ) =1 forx>1 and 6(x ) =0 for x<0, h =1,

n 1s the electron density.

As follows from (2), /u's being of the order of ﬂv/kFL
may reach several tenths of eV for L = V/S 10 nm, and. 1t
changes its sign from positive to negative with changing
from £ =0 (an infinitely deep potentlal well) to f—<o(the
surface resonance). If A falls off with increasing cove-
rage, then A  1ncreases, and the heat of adsorption
diminishes in the example discussed above (usually this
effect is attributed to the dipole-dipole interaction). But
opposite opportunity, when A decreases, camnot be ruled
out and then the chemisorption should be self-accelerating.

The treatment Just discussed assumes that the coverage
dependence of £ 1s known. If 1t 1s not case another appro-
ach 1s developed which based on a pure microscopic
model.Apart from EA' the overlap 1integral B, between the
adatom and the atom of the crystal nearest to the adatom 1s
glven. A calculation 1is carried out which gives an
expression for the one-electron retarded Green's function of
which the imaginary parts gives the true DOS. After 1ts
coarse-graining & general expression was obtained for shift
in DOS caused by adatoms.

129 -




As follows from this expression, if adatoms create
discrete levels then the DOS 18 reduced inside the
conduction band of the crystal. In the opposite case 1t 1s

enhanced. If the Fermi energy lies not far from the
conduction band bottom, then the contribution of adatoms to
the Fermi energy is given by the expression

2 2
- 2 - -1
M= - VB (W2 + By - 3By )7, 3)

where - 1s the number of adatoms per atom of the crystal,W
is the conduction band width. According to (3) M 4 may
both increase and decrease with Increasing coverage
depending on values of W, E, and Bg.
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COMPACT LAYER AT THE METAL/WATER INTERFACE.
QUANTUM CHEMICAL AND STATISTICAL APPROACH.

R.R. Nazmutdinov, M.S.Shapnik and A.Y.Tuzankin

Kazan Institute of Chemical Technology s Kazan

Recently most of self-consistent approaches treat the
double electric layer in terms of the density functional
technique ~1-. Attempts to extend nontraditional gquantum che-
mical models for description of compact layer are still noti-
cveably lacking. In particular, the results /27 are restric-
ted mainly to study of the water chemisorption on the unchar-
ged metal surface. In the present work some fundamental as-
pects of the solvent structure at the metal/water interface
have been investigated by using cluster models and the compu-
ter simulation.This approach is expected-to be promising for
theoretical study of the compact layer. All quantum chemical
calculations were carried out in CNDO2 - UHF approximation.

I. We assume that the structure ¢(2x2) ocecurs for the
water molecules adscrbed on the face (111) of copper. The wa-
ter monolayer is modelled ®s 2 small ensemble including fi-
ve molecules adsorbed in two extreme orientations. The metal
surface is considered as the planar cluster Ouigy AL the po-
tential of zero charge and under conditions of cathodic pola-
rization (-15 uCl/em®) various "dipole multiplet” states we-
re investigated. The dipole reorientation of the water mole-
cules is computed to be possible even at the potential of ze-
ro charge. For some states of the dipcle ensemble the equili-
brium distance Rccu-nzoads) depends noticeably on the surfa-
ce charge. Cathodic polarization is found to have a weak ef-
fect upon the density of electronic states of the metal wa-
ter interface.

II. The influence of bulk water on the molecules adsor-
bed in the Wrst monolayer is of considerable interest. To
this effect the "ice-like" associates (H20)3 were calculated
on the surface of Cu(100).
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III. The new quantum chemical model for the charged me-
tal surface is proposed. A small planar or bilayer cluster
plays the role of the electrode surface. One can vary the
density of the surface charge over a wide range changing 2
little the metal skeleton charge. By the modificalion of
diagonal matrix elements of a hamiltonian tihe field of the
outer Helmholtz plane is taken into account. Qur model was
shown to simulate the basic features of the electrode polari-
zation. This approach was applied to the study of chemisorp~
tion of a single water molecule on the mercury surface. The
structure parameters of HEOads were found to depend weakly
on the surface charge. According to our results the electro-
de polarization influences noticeably on the value AxMe. The
energy levels of electrons of the metal are shifted linear
for any surface chargs.

IV. The water structure in the compact layer at the
Hg/Ho0 interface was studied using Monte Carlo technique.
Few types of the two-dimensicnal solvenl lattice were simula-
ted by various temperatures and the surface charges. Tc des-
cribe the metal - water bond we employed the results of quan-
tum chemical calculations. The lateral interactions undsr
consideration include H-bondings and electrostatic potenti-
als ,which take into account the screening effects. We inve-
stigated the influence of electric field of the compact layer
on the structure of H-bondings in the first menolayer. The
problem of phase transitions is also discussed.
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' IRVESTIGATION OF THE L1/HOHAQUEOUS SOLUTION INTERFACE
BY PHOTOEMISSION TECHMIGUE

E£. S. Kimon, A. V. ChuriKov, I.M.Gamayunova,
A. A. Senotov, A.L.Lvov
Saratov State University, Saratov

Properties of passivating lavers (PL) formed on the
1ithium surface in nonaqueous electrolyte solutions influ-
ence strongly the electrochemical behaviour of the lithium
electrode [1,2]. Recently [3,4]1 a quick-response cathodic
rhotocurrent caused by electron photoemission from L1 into
PL was observed at the Li/nonaquecus solution interface. In
this communication we Present the results of our investi-
gation on the effect of the Li/nonagueous solution inter-
face structure peculiarities and PL composition on the
characteristics of photoemission current.

At sufficlently large periods of L1 storage 1n nonaqu-
eous solutions based on thionyl chloride (TC). Propyiene
carbonate (PC), as well as on PC-dimethogyethane mixtures
spectral dependences of photocurrent fit the square Fow-
ler’s law [51 which 18 characteristic of electron photo-
emission £rom metals into low-conducting media. The work
function (hw,) values of the electron transferred from L1
into PL at zero potentlal (vs. Li/Li" electrode) were found
to be 1.0 and 3.3 eV in PC- and TC-based systems, respec-
tively. As was also noted [3), the thermoemission current
estimated on the basis of the hw, value obtained may be
responsibie for the Li corrosion rates observed experimen-
tally in PC solutions.

The results of rhotoelectrochemical measurements were
found to be sensitive to alterations in PL composition on
Li. Thus, storage of the Li surface in contact with dry
oxvgen Prior to immersing the electrode into the TC-based
solution or doping the PL with calcium preliminarily added
to the TC solution led to a decrease of hw, down to 1.0 eV
or to its increase up to 1.8 eV, respectively. Long-term
storage of the electrode in TC solution which was accom-
Panied by a significant decrease of both the Ca combounds
and L1 oxide content in the PL resulted in restoration of
the 1nitial hkw, value.

Electric prorperties of PL on L1 and the interface
structure were shown to influence significantly the Rhoto-
effect characteristics., Thus, the ilncrease of PL resistivi-
ty during storage in solution connected mainly with the de-
crease of concentratlion of moblle lonlc current carriers in
the PL led to a weaKer influence of electrode potential on
the position of the red boundary of the photoeffect. It has
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also been stated that for freshly formed LI1/PL 1interfaces
in systems based on organic solvents the exronent (n) in
the spectral photoemission law diifers from . For correct
estimation of n. a method Proposed 1in Ref. [8) was used
based on obtaining the logarithmic derivative of photocur-
rent with respect t¢ light quantum energy allowing both hw°
and n to be determined simultaneously.

At short periods of Li storage in solution the expo-
nent in the spectral law of photoemission current regularly
exceeded 2 being close to 2,.5. Hence, the spectral deren-
dences of photocurrent under these conditions fit the 5/2
power law usually observed for electron photoemission from
metals into concentrated ionic systems (5,7]. Similar
character of spectral dependences for the emission from Li
into PL points out the existence of a great number of non-
equilibrium tonic current carriers in freshly formed PL, in
accordance with our eariier data (2l.

For studving the photoeffect Kinetics, laser electro-
chemical technique (7] was emploved. The exrerimental
apparatus controlled by a computer included a pulge UV
lagser with the pulse length of < 10-3. 8 and a stroboscoric
system of registration. Kinetic dependences of photocurrent
(Jph) and photorpotential at various periods of L1 storage
in the electrolvte solution were measured. In Jph, t-curves
resions of quick-response amplitude growth with subsequent
relatively slow decay down to zero value were observed. At
sufficiently large t wvalues photocurren} decay curves could
be linearized in the coordinates Jrh, t~ . The character
of the Kinetic dependences obtained can be explained by pe-
culiarities of transrort of rhotoemitted electrons in PL
during their return to the lithium electrode.
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FORMATION OF SPACE CHARGE IN THE SYSTEM WITH FIXED CHARGES

A,V.Nogkov, Yu.l.Kharkats, S.A.Lilin

Institute of Non-Aqueous Solution Chemistry,USSR Acad.Sci.,
Ivanovo
A N,Frumkin Institute of Electrochemistry, USSR Acad.Sci.,
Moscow

In electrochemical kinetics the system of diffusion-
migration transfer equation is resolved together with the
condition of local_electroneutralify that is used instead
of the precise Poisson equation /1-3/,which allows to deter-
mine the coordingte distributions of potentials and concen-
tretions. It was found elsewhere /3/ that at high enough
currents, the space charge is induced in the systems contain-
ing "the background" of fixed charges together with mobile
carriers.

The present paper deals with the 91ectrodif£usion prob~
lem on the parallel transport of single-charged anions and
cations in the case of homogeneous distribution of immo-
bile background. Supposing that the Nernst-Einstein ratio
for the coefficients of diffusion and mobility of the car-
riers 1is correct the initial syatem of equations takes the
following form:

ac, av
— s C0— =3, = t,d
= T Iq 19

dac ay 1-%
ax ax

J o, 0

01 = CZ + 1 = 1)

where 01’2 is the concentration of mobile cations and ami-
ons scaled by C_, which is the concentration of cations on
the boundary of the diffusion layer; [ Value characterimes
the concentration of immobile negative charges which in 4i-
mensionless from equalas 1 =~ ¥ 3 X coordinate is scaled by
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the thickness of the diffusion layer L; ¥ is the dimension-
less electric potential (in kT/e units); J1 o is the ecatio-
nic and enionic current scaled by eD1 2CO/L values, respec-
tively, where D ,2 denote the diffueion coefficients of ca-
tions and anions, respectively; J = J, +V do is the admit~
tance current, where Vv = D,/D,.

The boundary conditions are as follows:

C(1) = 55 C(1) =15 (1) =0 (2)
Integration of system (1) taking sccount (2) ellows to
obtain the implicit distribution of potentiel and con-

centration C,:
2[t (14 pY) -1
t,(341) = 1

][exp{[t1(9+1) - Wi, v=-1) + 1} - 1]+

‘4 (1-r)¢= g- [t1()'+1) - 1] (x=1) . )

t (9 1)+1

2(Cp-p) + (1-;-) 1n[{c21t (0 +1)=1] = (1=t DO=p}/

/[t1(1+n)-1]] = [t (41 -1 x-1) (4)

The analysis shows that concentration C, decreases
with increasing admittance current J [at t;> (1+§¥)”'].

It is known that, as a rule, there is no limiting cur-
rent, i.e. the concentration near electrode C2(O) does not
equal zero at any current, in the systems with fixed char-
ges /3/. In our case, a large interval of unattainable Cé
velues appears. As it follows from (4), this interval has
the upper limit C3 = (1-t,)(1-p)/[t,(v+1)=1]. Existence of
interdicted 02 values relates physically to generation of
anions occuring at X=0 boundary.

Further investigation of the distribution of the den-
sity of space charge § (X) allows to obtain it by subgtitu-
ting (3) into the Poisson equation ¢ = ~£/479 "

)2[1:1(94-1) -13 2[t (p+1)-1]

t,(v+1)=-1¥
t(0=1)41 £, (0=1)41 ex[t; (+1)-1

§ = 309N
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' o ,J'zft1(xv+1)-1] [t1(9+1)-1 ] }_3
. -1)+1]} 1=t (5)
ALt e veaned ravemrsveld Rt

Here § = ZeCO(LD/L)z, where L, = (ekT/8W6200)1/2 is the
Debye length.

The Figure shows the space charge density distributions
¢(X), calculated using (3), (5) for a series magnitudes of
the parameters. The ¢ (X) dependence at high enough currents
is a curve with a peak, the height and position of which
are determined by the value of the admittance current J, by
the transfer number t1 es well as by the ratio between the
diffusion coefficients of anions and cations v .

|
o\,
Fig.1.
Distribution .of the 300 I
space charge density
corresponding (3) and 00
(5) at Iw1;4-=0.9; J= r
=5 and t1:1 - 0.732 -

0.8; 3 - 0.934 - 1.0, 0 -

iz

02 04 06 08 x

The Figure shows that the increase in the anionic cur-
rent (t1 decrease) is accompanied by a decreasing in space
charge density. Here the corresponding [4 (X) curves are sim-
plified and the maximum is displaced towards low magnitudes
of X. At t1-(rv44)'1 the ¢ (X) value identiecally turns into
zero, Further decrease in t, results in the change of the
space charge sign.
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THE INFLUENCE OF CRYSTALLOGRAPHIC ORIENTATION OF OXIDE
ELECTROLYTE ON DOUBLE ELECTRICAL LAYER OF GOLD ELECTRODE

E.M. Novitskiy, I.D.Remez

Institute of Electrochemistry, Ural Science Department of
the Academy of Sciences of U.S.S.R., Sverdlovsk

There are many data at present time about influence of
crystallographic orientation of solid metal electrodes on
properties of double electrical layer -/1/. Solid electroly-
tes unlike solutions allow to investigate an effect of cry-
stallographic orientation of surface of electrolyte on cha-
racteristics of double layer.

The results of the investigation of gold electrode re-
ceived by slow solidification of liquid metal drop placed
on flat polished surface of stabilized zirconium dioxide
2r0,-0,1Y,0_ (¥SZ) single crystal are represented in this
communication. The experiments were carried out in purified
helium at 1273 K. All the samples of solid electrolyte were
cuted as 1-1.3 sm. diameter half-sphere from the same piece
of single crystal. The gold electrode was placed in the cen-
ter of the flat electrolyte surface and its area - was
egual to 1.3-1.5-10"% sm®. The spherical surface of the YSZ
samples was covered with platinum powder served as counter
electrode. The (110) and (100) faces of crystals were made
with error less #0,5°. The impedance measurements 1n the
range 10 - 2-10° Hz and stationary voltammeiry of the
solid gold/YSZ interface were carried out by means of the
automatic system ~2/ supplemented by low-frequency complex
admittance digital meter X-2071 ~3-/. The working electirode
potentials were determined relatively to air reference
electrode. The measurement technique was described in 4,57/
in details.

Double layer capacitance (C)) was measured at 100-200
kHz. The depedences C, vs. electrode potential (E) for both
crystal faces are parabolic with well pronounced minimum,
however the values of C, per-unit area are distinguished for
different faces and are egual to 40-45 yF-sm™® for the (110D
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face having more surface package density and 10-12 uF-sm™®
for the (100) crystal face. Current density under anodic
polarization for the (110) face is also more than for the
second one, but in the catodic region of potentials current
densities are approximately equal for both crystal faces.

The relaxation processes occuring in double electrical
layer on both crystal faces up to 107® Hz were investigated.
For this purpose the interfacial capacitance (C) vs.
potential dependences: were measured at 30 fixed frequencies
in the same potential range. The form of the C-E curves is
parabolic in general for both faces up to low frequencies.
Some differencies are observed at about some Hz: the second
minimum of capacitance appears in more pbsitive range of
potentials than the first one and further at frequencies
less 0,3 Hz the first minimum disappears completely and
curves acquire a parabolic form again. For example the C vs.
E plots measured at several frequencies for the (110)
crystal face are represented in the Fig.

Cip F.cm?

L W
1 1

A
-10 -08 -06 EN

Fig. Dependence of gold/(110)YSZ interfacial capacitance on
potential in helium at 1273 K. 1 - 100 kHz, 2 - 17 Hz.
3 -1.3Hz, 4 -0.03 Hz.

As mentioned in /57 the minimum capacitance potential
(EmJ measured at high frequencies, when the frequency inde-
pendent. capacitance is recorded, corresponds to zero free
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charge potential, and at low 'frequencies Eln approaches
to the potential of the point of inflection on the stationa-
ry voltammetry curves and corresponds to zero full charge
potential. Zero full charge potentials are closely spaced
for both faces and equal to -0,79 V and -0.81 V for the
(110> and (1000 fases correspodingly. Minimum capacitance
potential is constant when frequency decreases up to
appearence of the second minimum of capacitance. The ab-
sence of displacement of E at frequency changes proves
that specific adsorption of ions under previously mentioned
conditions does not take place on the solid gold
electrode/YSZ interface.

The displacement of remained second minimum to positive
direction occurs when frequencies are bellow some Hz. Such
behaviour indicates to very slow adsorption procesc probably
connected with small mobility of the solid electrolyte
cations. The minimum capacitance potentials practically
coincide near 107 Hz with potentials of bending point of
carresponding voltammer curves. The magnitudes of the zero
full charge potentials unlike the =zero free charge
potentials are well distinguished for different crystal
faces and -make up -0,6 V and -0,8 V for the (1102 and
(100} faces correspondingly. '

Thus the crystallograbhic orientation ‘of YSZ solid
electrolyte surface has an substantial effect on the
interface impedance parameters and électrode kinetics.
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A STUDY OF THE DOUBLE LAYER AND ADSORPTION ON GOLD AND
SILVER ELECTRODES IN MOLTEN SALTS BY ESTANCE-METHOD

Yu. G. Pastukhov
Inst.Electrochem. of Ural Depart.of Acad.Scie.USSR,Sverdlovsk

The interface of solid gold (silver) electrode and
molten alkali halide was investigated by methods of cyclic
a. and c. voltammetry and estance (differential interfacial
tension y s1,27) technique. The electrode potential (E-
regarding Pb/PE* ref.el.), temperature (T), frequence (f)
- and salt composition were varied. The region of E where the
electrode may be considered as polarizable is the more wide
the lower is T of electrolyte, the greater the voltage of
decomposition of salt and the more E of metal dissolution
,for example in system Au-CsCl. The estance-curves for Au in
all alkali metal halides and Ag-CsCl at T near melting
points of salts

Fig.

The experimental plots of
magnitude (1,4) and phase
angle (2,5) estance,

1,2,3: Au -CsCl, 2.3 kHz;
4,5,6: Ag -CsCl, 3.3 kHz;
50 mVss, T= 932 K.

have 3 special points (zero stance-ZE) where the magnitude
of full charge density (q) influenced by the elastic surface
deformation passes through zero or minimum with changing of
the sign 72~: ’
(3 Oy/dE = -q- dq/dv = 0,
141
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dv=0s/s -the relative deformation of surface, s- its area.
This equation is received for equilibrium estance and for
low f is true. The one ZE takes place in the region of
cation discharge (cathodic -CZE), its potential shifts to
more positive values by rising T and lowing f. The E of CZE
depends on nature of alkali metal: the substitution of Cs*
to Li* shifts both cathodic branch I-E curve and E of CZE to
more positive values. The middle ZE (MZE) occurs in region
of E where charge transfer is negligible, and the third
(anodic -AZE) -~ in region of anodic process of anion
discharge or electrode dissolution. The growing of E in
shown process leads to cooling of surface owing to Peltier
effect, following heat- estance dy/dE >0 by theseconditions.
In limits of this hypothesis the integral electrocapillare
curves have a maximum at MZE and two minimums in regions of
adsorption of products of faradaic processes. Near MZE and
up to AZE the charge of gold surface is positive, the
complex anion species are adsorbed with partial charge
transfer. The free charge is compensated by adatomes of
halogen at AZE and full charge is equal to zero. A
qualitively simmetric situation is developed by cathodic
polarisation from MZE. The negative q rised, in point of
maximum the surface may - keep a maximal charge, here y"=0
and admittance have the minimum. The further displacement E
leads to powerful charge transfer, to rising of current and
admittance also to diminishing of estance to zero.” At CZE
free charge is compensated by adatomes Cs. The E of maximum
ECC in the series Cl - Br - I for Au- CsCl system is equal
t0 0.1,-0.1,-0.4 V ,that gives evidence of growing specific
adsorption of théseanions ~/3/. The intervals between this E
are close to the intervals between PZC for gold in aqueous
solutions of theésesalts. In addition the differences of MZE
for gold and silver electrodes and with E max. of ECC
Pb,Bi,In in molten CsCl -4/ are compared with differences of
PZC for this metals in aqueous solutions ,/3/. Those allow to
suppose these the influence of deformation on g (second item
in %) near maximum ECC is not too big, thus it was proved
for Au and Ag in agqueous solutions .2,5,6-/. The growing of f
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alternative current leads to rising of estance magnitude in
maximumes concerning heat estance and shifts E CZE to more
negative and E AZE to more positive values, in analogous way
the E of admittance minimums are shifted. All that is
connected with going to wunequilibrium estance and
manifestation of growing deposit of alkali or halogen
adatomes in correspondent region of E in full charge.

The increasing of T results in activation of electrodes
processes: at less catodic and anodic E the charge transfer
begins,the  height of estance maximums diminishes, the E of
CZE shifts to more positive and the E of AZE to more
negative values. At T more of a certain depending on nature
of metal and salt MZE gets in region of faradaic process:
for Au- in region of metals dissolution, for Ag- in region
of cation discharge, and at T= 1300K the estance curves have
only CZE corresponding to overcharge on electrode with
adsorbed alkali metal. The nature of alkali cation
influences also adsorption of anions with partial charge
transfer owing to its contrapolarizing action on anion. In
series of cations O, N&, L{ in chloride salts at
constant T for Au electrode the values of E AZE increases
and the T lower of that the estance curves have 3 ZE rises.
The cation Li* form the stablest complex anions that
decreases chemosorption, the charge transfer from those
anions begin at more positive E and their decomposition by
heating occur at more T that for cation Cs*.

In conclusion one may note more difficulties for Ag in
" comparison with Au to receive reproducable estance curves
that are connected with more chemical activity of the first.
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BLECTRICAL DOUBLE LAYBR STRUCTURE ON THE (111), (001) AFD
(011) PLANES OF A BISMUTH SINGLE CRYSTAL
IN 2-FPROPANOL SOLUTIONS

P.Pirgimigl, K.Anni, M.V8&rtnou, E.Lust

Tartu University, Tartu

In the electrochemiocal literature there is no quantita-
tive information about the structure of the electrical double
layer (edl) on single crystal planes from non-agqueous solu-
tions, expect the data of works /1,2/. But the problem of un
derstanding the relationship between the bulk and interfa-
cial properties of polar solvents and the crystallographic
structure of electrode surface to the edl structure is gtill
open.

The present paper is devoted to a comprehensive study of
the edl structure on the bismuth single corystal planes in the
ethanolic (EtOH) and 2-propanolic (2-PrOH) surface-inactive
electrolyte solutions. Preperation and surface treatment of
the bismuth single crystal electrodes have already been des-
cribed, as well as the capacity measurement techniques and
preparation of the solutions /1-3/. The reference electrode
wes an aqueous saturated calomel electrode, separated from
the solutions studied by the intermediate ethanolic or 2-pro-
panolic solutions. The liquid junction between the aqueous
and non-aqueous solutions was made through solution scaled
taps and was kept constant in all measurements.No attempf to
connact the liquid junction due to the EtOH/water and 2-FrOR/
water oqntact has been made. The temperature was maintained
at 29837 K,

The double~layer differential admittance was measured
in the range of 80 to 410 Hz. As for the aqueous solutions
/3/, a slight variation of capacity C as a funotion of the
frequency, smaller than 3-6 % for the 0.1 M solution, allows
the differential admittance to be identified with the diffe-
rential capacity. The potential range extended from ~0.1 to
=1.5 V va. SCE. Double-layer differential capacity-potential
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curves, C(E) curves, were recorded for nine concentrations
of LiClO4, from 0.5 to 0.001 M, The C(E) curves in PFig.1
show the concentration effect of the electrolyte. The in-
fluence of the diffuse layer is visible for concentration

°L101045(L01' The potential of the capacity minimum Emc is

Fig.1.

C(E) curves (a) for the
(017) plane of Bi in 2-PrOH
solutions of L10104, M: 1 -
0.1; 2 ~ 0.05; 3 - 0.02;4 ~
0.01; 5 - 0.005; 6 - 0.003;
7 - 0.001. Parsons — Zobel
plots (b) at 6=0 in 2-PrOH
solutiogs of L10104 for the
1 - (011) and 2 - (001)

single crystal plenes of Jk ; ﬂ%ﬁb
bismuth 0 0

independent of concentration of 610; anions with a relative
accuracy of 10 mV, when the ©11610 changes from 10'3 to
‘5-10'3 M. As for the plane (111) in4 aqueous KF solutions
/3,5/, it may be assumed that no significant specific ad-
sorption of CIOZ occurs at the E ., and for the most dilute
LiClO4 solution the value of Emc may be identified with
B, for the single crystal planes of bismuth in 2-PrOH so-
lutions (Table 1), It follows from Table 1, that the dis-
persion of the Eseo for the various single crystal planes
of bismuth in 2-PrOH and EtOH 1s lower than in aqueous go-
lutions /3,5/ or in acetonitrilic (AN) solutions /2/.
Acéording to the method of Parsons and Zobel, the va-
riation of the inverse value of double-layer capacity (0“1)
at the minimum as & function of the inverse value of dif-
fuse-layer capacity (cdy~? /4/, can be considered linear for
each face, when the LiClO4 concentration decreases from 0.5
to 0.003 M, For 2-PrOH solutions the inverse alope of the
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Parsons-Zobel plgts fp.z 1is egual to 1.02 for the (111),
1,03 for the (011) and 1,07 for the. (001) plane of bismuth.
In the absence of specific adsorption <these values corres-
pond to that of the roughness coefficlent R,therefore 1.02<
<R £1.07 for the single crystal planes of bismuth in the
2-PrOH solutions.

Table 1

Electrical double layer parameters for bismuth
single crystal planes in 2-PrOH

Electrode|Eg o20.01,V { 5 . | Cz o ol glpx 1074
(8.c.0.) }u!-cm’z fFoom 2latomecm™
(111) -0.45 1,02 15.9 6.0 5.6
(001) ~0.41 1.07 18.4 6.8 5.3
(017) -0.46 1.03 3.7 6.6 6.4
PC-B1 -0.42 1,00 17.4 6.9 -

The inner layer capacity ci, as a function of the elec-
trode charge o was calculated from the well-known equation
applicable to the double-layer model in the absence of spe-
cific adsorption /4/

1/¢ = 1/pct & 1/med | (1)

where F is the fitting coefficient. The main “edl parameters
are given in Table 1, where the symbols have thalr usual mean
ings., The fitting coefficient P would correspond to Ref,whe-
re I represents the crystalline heterogeneity.As shown theo-
retically in ref, /4/ and proposed from +the experiments in
ref. /3,5/ for a model polycrystalline two-plane electrodes,
the coefficient f depends on the dispersion of zero charge
potential Aano of the individual planes and on the electro-
lyte concentration c¢; and f increases as AEsao gnd c de-
crease. For the 2-PrOH solutions the monotonic C7(6) curve
is obtained for the value of F which varies from 1.03 to
1.15 for the (111) and (011) planes, and from 1.05 to 1.18
for the (001) plane, when the L10104 concentration decreases
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from 0.1 to 0.003 M. For the EtOH solutions, the values of
P vary from 1.03 to 1.07 for the planes (001) and (017)
and from 1,02 to 1.05 for plane (111), correspondingly. The
value of the roughness factor R can be estimated to be equal
to 1.01-1.07 from the plot of F as a function of 1/9¢c for
the ethanolic and isopropanoclic solutions. For the agqueous
and AN solutions, the corresponding values of F are some-
what higher /3,5/ end can be ascribed to much stronger de-
pendence of the zero charge potentials on the crystallogra-
phic structure of planes on the aqueous and AN solutions,
than on the EtOH or 2-PrOH solutions.

It is clear that in EtOH and 2-PrOH,just as in water
and AN /2,3,5/ in surface-inactive electrolyte solutions,at
negative charges 0«0 the inner layer capacity Cézso de-
pends rether little on the crystallographic structure of
the plane, being determined mainly by the dimensions of sol-
vent molecules and by the bulk permittivity of the solvent.
As the negative ¢ decreases, the _C1 starts to increase due
to the specific adsorption of the solvent and becomes more
strongly dependent on the nature of the plane. As follows
from Table 1 and data of works /2,3,5/, at all regions of &
the most compact principle plane has the smallest, and the
most open plane the largest interfacial capacity.
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ELECTROCHEMICAL BEHAVIOUR AND CORROSION
OF NICKEL IN ACID SOLUTIONS

A,P.Pchelnikov, A.E.Kozachinskiy, Ya.B.Scuratnik, V.V.lLosev
Karpov Institute of Phyeical Chemistry, Moacow

The formation of botha -phase (s0lid solution- MHO.OB)
and fp~phase (hydride ~ N1H0_7) is caused by the N1 absorption
of hydrogen., These phases are likely to influence the elec~
trochemical and corrosion properties of Ni,For this purpose
the influence of the preliminary cathodic polarizati-n (CP)
of N1 on its anodic behaviour was studied. Moreover, the
corrosion of Ni with hydrogen-evolution 1in deaerated solu-
tionof 1 N 32804 at 20°C was researched into.During Ni ano=-
dic dissolution after CP or after corrosion the ocuter ano-
dic current (i) is equal to the sum of the two portion cur-
rents: Ni dissolution (iNi) and hydrogen ionization (iH):

1=1g +1g (1)

8o, if we know the value 1Ni we could calculate i:
iH. =1a= 1N1 (2)

The iNi value was determined by radiotracer technique
using the foreign 7T -isotopes 800 (1).

Research was carried out by ! "computer provéed system
which included & three-electrode cell with electrolyte circu-
lation between cell and measuring cuvette, detector NaXTl)
(60x60) for continuous recording of the electrolyte radio-
activity (N), potentiostat PI-SO-‘i with programmer PR-8 and
personal computer DVC-3m, interfaces connected with ampli-
tude analyzer UNO 1024-90 (in some experiments AMA-C3-F1 was
used) and voltmeter V7-34e, The created technique permits to
define iNi directly in the experiment currency from the
slope of N,t-curve and to calculate iH, taking ‘into ac=-
count (2).

Slope N,t-curve (curve 1) at the Ni anodic dimsolution
during polarization under galvanostatic ' condition without
preliminary CP ("initial" Ni) remains constant and the value
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of iNi coincides with i. Ni potential {curve 3) practically
does not change with time,

At the Ni dissolution after its CP (curve 2)Kiat first
does not pass to the solution, i.e. iml=0, and current 1is
spent only on the ionization of hydrogen (isin). Then N,t-
curve slope is increased with time (curve 2) testifying a
gradual 1Ni growth and diminishing of 11-1‘ At the moment t1
N,t-curve slope (and accordingly 11‘1) achievesacox}ste.nt le~
vel which coincides with N,t-curve slope of the "initial" Ni,
i.e. at ¢ ?>t, the outer current 1 is spent practically only
on Ni aissolution, Tmmidiately after reswitching from the CP
to the anodic polarization Ni potential becomes equal toQ2 V
{n.h.e,) and then it moves slowly to the negative direction,
reaching s constant level corresponding to the "initial"™ Ni
dissolution ( 0,09 V) after 140-170 min (ocurve 4). If after
CP Wi is dissolved at F=0.12 V, so 1 decreases,passes through
a gently sloping minimum and then increases.On the i decreas-
ing section only hydrogen oxidizes, in minimum section 1!!1
ig 1=-3 degrees below (depending on CP duration) the "initial"
N1 dissolution rate at the given E, On the increesing section
1 1is spent completely only on the Ni dissolution. In the re-
gion of i decreasing the dependence 1-1/1’17 is linear and the
extrapolated line passes through the origin., It is evident
that hydrogen dissolution from Ni is oontro;l.ied by 4iffusion
from the Ni bulk to the Ki/solution interface.

Inhibiting hydrogen influence is explained dy diffusing
hydrogen atoms from Ni bulk to its surface passing from ab-
sorbing to adsorbing states eand dloeking the particles of Wi
which are in the kink sites ("active centres”) and inhibites
Ni anodic dissolution,

Compari‘s'on of curves 2 and 4 shows th;t to the moment
t, E ias 60 mV more positive than in case of the "initiel™ Ni,
This confirms that small hydrogen quantity (6u<<1) is enough
for blocking of "active centres™ on the surface of Ni and a
slow Ni activation (when t» t1) is connected with the OB de-
creaqing on the active centres.,

Ni cqrrosion tests showed that during 2h corrosion po-~
tential (E,) removes from - 0,01 to 0.06 V,corrosion current
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(1,) decreases from 1,810~ to 3‘10'6 A/cm?, Then E, end 1,
are practically constant, Ni corroded anodic dissolution re~
sults show that hydrogen penetrates to Ni in the corrosion
tests., The investigation of anodic and cathodic behaviour
shows that for the corroded Fi samples the rate of the ano~
dic reaction decreases, This is due to the graduel increas-
ing degree of screening by hjdrogen adsorbed atoms on the
"active centres" in the course of 2 h corrosion.

N40Yimp s ENVNHE)
1
10 &
s/ ~
o1
4
.5_
i
v/ 'l {02

0t 100 tﬁnm‘

Fig.1. Time dependence of 1 N H2SO4 solution radiocacti-
vity (1,2) and electrode potential (3,4) at the anodic dis-
golution (i=2-10'4 A/cmz) of Ni "initial" (1,3) and after
its preliminary CP (i=5-1072 A/cm?, t=2 h) (2,4).

Therefore, hydrogen absorbing of nickel diminishes Ni
anodic disgolution and corrosion at the expense of the pre-
fable adsorption of hydrogen atom on the "gctive centres",
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THE SYNTHETIC SEMICONDUCTING DIAMOND ELECTRODE

Yu.V.Pleskov, A.Yse.Sakharova, A,.E,.,Sevastyanov

A N,Prumkin Institute of Electrochemistry, USSR Acad. Sci.,
Moscow

Diamond, being extraordinarily chemically stable, un~
doudbtedly is a promising electrode material. Here the elec~
trochemical behaviour of diamond wes studled for first ti-
me. Thin polycrystalline films of diamond (prepared by CVD
in the Institute of Fhysical Chemistry, Academy of Sciences
of the USSR) and, for the sake of comparison, diamond-like
films and a single crystal of diamond were used as elec~
trodes, Diamond proved to be a stable electrode with quite
good reproducible properties, sengitive to visible and UV
lights. Ite photoelectrochemical behaviour in aqueous solu~
tions is goverﬁgd by processes of the current carriers pho-
togeneration and their separation in the space charge region
near the semicenductor/solution interface, Moreover, oxygen
chemisorption strongly influences the electrode properties.
The flat-band potential was determined for different solu-
tion pH and the electrode pre-~treatment.

Both the bulk and surface microheterogeneities in the
diamond electrodes were characterized by the impedance speo
troscopy. Frequency dispersion (20 Hz = 5,4 MHz) of the im=-
pedence of the film was measured for the solid-state device,
i.e., the film with two ohmic contacts, The electrical con=-
ductance in the bulk of the film was quantitatively describ-
ed using a model of (semi)conductive diamond grsins sepa-
rated by poorely conductive intercrystalline boundaries (pre
sumably amorphous carbon).

Measurements of the electrochemical impedance in aque-
ous solutions™ revealed the surface heterogeneity of the
films. The equivalent circuit of the electrode contains a

® In collaboration with Nyikos ILaios (Central Research Ins-
titute for Physics, Budapest, Hungary).
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congtant phase angle element. The dependence of the equive-
lent circuit elements on the concentration of the redox coup~
le in the solution, as well as of the background electrolyte
wag measured, Generally, a diamond electrode proved to be
less reversible in the redox solutions as compared to a pla=
tinum one.

SPECIAL FEATURES OF QUATERNARY AMMONTUM SALTS INFLUENCE
OF IRON ANODIC DISSOLUTION IN HYDROCHLORIC ACID

M.A.Pletnev, L.L.Makarova, S.M.Reghetnikov
Udmurt State Univeraity, Izhevsk

Quaternary ammonium salts influence on the rate of elec-
trodic reactions is being connected with cation adsorption
on the interface. iietal-sqlution and positive 4}'1-potential
appearance /1/. The adsorption of such compounds is condi-
tioned mainly by electrostatic interaction, in the presence
of halide ions the adsorption and inhibition increase. Some
authors /2/ connect the inhibition of electrodic reactions
on iron in acid solutions with the influence of quaternary
ammonium salt on water structure, as a result of which the
Grothus transfer mechanism stops working.

In this work the influence of tetrabutylammonium chlo-
ride (TBACL) on iron anodie dissolution rate in 1 M HCl was
studied. Polarization measurements were taken with potentio-
stat P-5827 in an argon deaired cell under different tempe-
ratures. Tetrabutylammonium salt was introduced into the
cell under the potential -0.1 V (NHE) after preliminary
electrochemical electrode treatment.

Polarization measurements show that in the presence of
TBACI the inhibition of iron encdic dissolution takes place.
With the ralse of the temperature the inhibition effect (Za )
slows down, the effect of slowing down is expresged . _more
gtrongly at TBAC1 1ittle concentrations. At the TBAC1 con~’
centration ¢ >1(1)"3 M the raising of the temperature"leads
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to the insignificent slow-down of inhibition. If we take in-
to account that the TBAC1 action is conditioned by the wa-
ter structure change /3/ the effect can be defined by the
solution conductivity measurement in the presence of tetra-
alkylammonium salts. '

The conductivity messurements of HCl solution were car-
ried out with the help of conductivity bridge = P-568 in a
thermostaticrcell with platinum electrodes. The results of
the measurements show that the TBACl adding slows down the
gspecific conductivity of Q1M HC1l, the sharp slow-down is ob-
served at the concentrations ¢ 10'%M.Thia effect is observed
from 25 to 85°C. It was ghown in separate experiments that
et the TBACl concentration c=10'3 M conductivity quantities
of the mcid solution with and without the addition coincide
at 75°C. At TBAC1 concentration ¢ 10'3 M the specific con-
ductivity of 0.1 M HC1l is lower than in the solution without
addition at all temperetures.

os e
4 Fig.1.

04 ol 3 The dependence of the in-
4 hibition of iron anodic pro-
O,: cesg in 1 M HC1 (a) and the
" 240/Q enr? specific conductivity in 0.1
32r } M HC1 (b) on the TBAC1 con-
ot centration at the tempera-
tures: 1 - 25;2 - 45;3 - 55;

SN U WU W o]
T g 4o o

The cause of these phenomens is connected with the que-

ternary emmonium salts adsorption pecularities at the dif-
ferent surface coverages, the quantities of which depend on

TBAC1 volume concentration. At low and middle surface cove-
rages the rising of temperature at the electrostatic adsorp
tion leads to desorption of ammonium cations froem the metal
‘surface,and their inhibition effect on anodic reaction re-
duces . On the other hand, as the temperature rises, 3: T
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oasily lose a pert of the hydrate shell and solution con~
ductivity both inthe presence and absence of ammonium salt
equals.At the high concentration of the quaternary emmonium
salt the gsurface coverage of metal is approaching one /4/.
In these conditions there may be a Teconstruction of the ad-
aorption layer of the phase thansfer type both on iron and
platinum which is accompanied by a partisl cation dehydra-
tation and leads to the formetion of the dimensional conden-
sated'layer /5/. Such an adsorption layer is stable,ss along-
gide with electrostatic powers short-distance powers should
appeer. The formation of the dense adsorption layers promo-
tes the resistence increese at the metal-solution interface
and the reduction of the measured conductivity of system.The
above mentioned monomolecular dense layer is formed at ammo~
nium salt concentration c 1073 M. The temperature rise in
the studied interval at CrBACT® 10'3 M does not 1lead to a
desorytion and e noticible destruction of the already formed
layer. As a result of thias the dependence of the effective-
negs of the inhibition anodic process on the temperature at
CpABL > 1073 ¥ disappears.
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DETERMINATION OF ZERO CHARGE POTENTIAL IN THE PRESENCE OF
ADATOMS

B.I. Podlovchenko, E.A.Kolyadko, V.I.Naumoy
Chemical Faculty, Moscow State University, Moscow

The concept of the potential of gero charge 1s one of
the fundamental ones 1n electrochemistry /1/. The most
reliable ahd accurate technique for the determination of the
potential of zero total charge (p.z.t.c.).of : platinum group
metals 1s based on the  thermodynamic theory of hydrogen
electrode /1,2 / The method of p.z.t.c. determination for
solid electrodes based on measuring of the physical
pendulum damped oscillations/3,4/ ( the hardness method ) 1s
also quite well-known. In /5/ the method based on the
thermodynamic theory of hydrogen electrode /1/ was proposed
for p.z.t.c. determination for disperse eletrodes of
platinim group metals 1In the presence of forelgn metal
adatoms on the surface., The p.z.t.c of electrodeposited
(e.d.) Pt and Rh with adsorbed silver atoms were determined.
It was of interest to compare them wfth the results,
obtained for the same systems i1n /5/ by the hardness method.

The e.d. Pt and Rh with roughness factor of 800-1000
were used. The supporting electrolyte was 1 N N32804 + 0.0!N
HyS80,. Two different cells were used: a glass one for
electrochemical measurements and a Teflon one for hardness
(H) measurements at a controlled potential. The hardess
He-1/(3HB4)_ 5 fc- time, A - the amplitude of oscillations.)
was determined depending on E. ( the potential referred to
r.h.e.) at different degrees of surfage coverage of e.d. Pt
and R by silver adatoms, 6, (8, _-5Qi—;igﬂ— where Qy and Qy
-~ the amount of electricity, necessary for removing H ads
in the absence and in the presence of AZoag)-

It 1s a well-known fact /3,4/ that the maximum on H,E -~
curves corresponds to the p.z.t.c. -of studied electrodes. It
was found that the hardness method is sensitive enough to
study the effect of adatoms on the position of p.z.t.c. It
was also found that p.z.t.c. values, obtained by the
hardness method are close to those obtained earlier /6/ tor
the same systems by the thermodynamic method (fig.f) and
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that in the presence of Ag ;. the p.z.t.c. of Pt and BRh
shift in the cathodic direction.

Fig.1. The change of
p-z.t.c. for e.d. Pt
(a) and Rh (b) with
the amount of ad-
sorbed silver.

1 ~ obtained by the.
thermodynamic' me-
thod ; 2 - obtained
by the hardness
method

05 108

The observed cathodic shift of p.z.t.c. with the growth
of is, apparently, caused ‘rirst of all by the fact that
Pt-Ag and Rh~Ag bonds are of a dipocle nature with the
positive end on the silver atom since the electronic work
functions of Pt and Rh are larger than those of Ag.Moreover,
during the Ag adsorption Hads’ which dipoles are directed
with the positive end to the electrode, 1s expeled and this
also has to result in the shift of p.z.t.c. in the cathodic
direction.Thus the possibility to use the hardness method in
order to study the effect of adatoms on the position of
p-2z.t.c. was demonstrated for the first time, One of the
advantages of the hardness method compared to the more
gevere and sensitive thermodynamic method is the fact that
the former can be applied to a greater number of systems with
adatoms, including the systems irreversible to hydrogen and

oxygen.
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ADSORPTIVE AND CATALYTIC PROPERTIES OF GLASS CARBON IN THE

PROCESS OF OZONE SYNTHESIS IN FLUORIDE-CONTAINING SOLUTIONS.

G.F.Potapova, S.N.KholoGov, V.A.Smirnov, and V.I.Lubuskkin

L.J. Karpov Institute of Physical Chemistry,
Novocherkassk Polytechnic Institute

Ozone is known to form with high efficiency ({1-3] at
the anode from glass carbon during the electrolysis of
concentrated solutions of fluoride-containing compounds.
Much attention has been given to determining the optimal
technological parameters (current density, electrolyte
concentration, temperature) and to devising electrolyzers.
However, information on the state of anodic surface
necessary for elucidating the mechanism of ozone
electrosynthesis is practically absent, aside from paper
[4], which presents data based on quantitative capacitive
measurements on the existence of specific adsorption of HF,
ions,

Thus, in concentrated solutions of fluoride-containing
compounds the investigation of anodic surface, which forms
in the process of ozone electrosynthesis, uresents a
challenging problenm.

Fig. la. AES-spectra of glass

carbon surface area after

oxidation.

Plot No 1 - outer surface

Plot No 2 - after 3 min. of

ionic etchings.

X - electron energy, ev;

Y - intensity.

Fig. 1b. Element distribution

200 400 600 X profiles in the depth of glass
carbon.

X « time, min.:;
Y - concentration, atom §%.
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Fig. 1 shows 2lectron AES-spectra and profiles of
element distribution within glass carbon, oxidized at the
anode in 23% KHF2 solution during 10 min. at current density
of 0.7 A.cm@. Registration was performed on the "“varian"
electron spectrometer in an atmosphere of xenon at pressure
of 5:10™° torr. AES-spectra were induced by initial electron
beam with an energy of Ep=3000ev, filament current of
the electron gun was Ic=2.91A, and the lanodic: current was
I,=40uA. Amplitude of modulating tension at the analyzer was
U =5V, time of potential sweep over energies in the range
from 0 to 1000 eV was equal to 5 min. Detector sensitivity
during spectra registration was 25uV, time constant was
t=0.3s. AES-profiling into the deeper parts was conducted by
Xe' ion dispersion of the surface at energy of 3000eV.
Emission current of ionic gun was 5mA, and ionic current at
the sample was 1.5-2uA., Maximum etching rate was
s = 80 A.min™. ’

As evident from data of Fig. 1, carbon, potassium,
traces (1-2 atom %) of oxygen and fluorine are adsorbed on
the surface of glass carbon. The latter are weakly bound to
the surface, since 15 s of ionic etching eliminate thenm from
the surface (Fig. 1la).

Oxygen coating on the glass carbon surface, that
develops in the process of ozone electrosynthesis, was
studied by the impulse potentiodynamic method. Cathodic
potentiodynamic plots at glass carbon in 23% KHF, solution
were recorded on PI-50-1 potentiostat in an atmosphere of N,
according to the following program: E ' V (T = 1.1045):

i
= -1.2 V,1:107s; E = from 1.0 to 3.6 V, 1-107s;

E:f.'zv, 1.107%s, saw-toot;;:d potential was 50 V/s in the
range of potentials from 1.2 V to ~1.2 V. All potentials are
shown according tc the reversible hydrogen electrode in the
same solution.

The amount of adsorbed oxygen-containing forms, evident
from results of cathodic potentiodynamic curve processing,
was 8-10 layers* and increased linearly with time and
oxidation potential. It should be noted, that no variation

~in the potential maximum of reduction of oxygen-containing
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forms was observed neither with the change of oxidation
potential nor oxidation time. Probably, the adsoi‘ption-
desorption process of oxygen-containing particles occurs
without the formation of definite stoichiometric compounds
and with constant bonding energy.

The nature of differential capacity dependence at glass
carbon on oxidation potential and current frequency in 23%
KHF, solution was studied. Measurements were done on P-5021
alternating current bridge. It was found, that in the
potential range from 1.0 V to 2.2 V capacity practically
does not depend on the potential and current frequency and
is equal to 1-2 puF.cm?, thus indicating to the
semiconductor nature of adsorbed surface compounds. Increase
in differential capacity up to 12-15 uF.cm® was recorded
over potential values of 2.2 V, further potential growth
lead to its drop.

Obtained data reveal, that during electrolysis of
concentrated solutions of fluoride-containing compounds at
glass carbon the principal mean of ozone formation is the
catalytic interaction of bifluoride ion oxidation products
in the adsorbed layer with Hzo molecules.

* redox reaction superposition on adsorption-desorption
processes of oxygen-containing forms was not taken into
account when the degree of filling by oiygen-containing
particles was calculated.
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THE SINGULARITIES OF DIFFUSION RELAXATION CF AN ELECTRO-
LYTE IN THE DOUBLE ELECTRIC LAYSR UPON PULSE EFFECTS

V.V. Pototskaya, A.V. Gorodyskii and N.Y. Yevtushenko

Institute of General and Inorganic Chemistry
Ukr.SSR Acad.Sci., Kiev

A mathematical model has been proposed for describing
the diffusional relaxation of an electrolyte in the double
electric layer upon periodic actions of pulsed rectangular
potential with blocked electrodes.

The distributions of diffusion and electric fields in
space andé time were cobtzine’ for the binary electrolyte.
The singularities of double electric layer response to the
external action have been analyzed dJdepending on duration
of a pulse, period of potential pulse reccurrence and para-
meters of the electrochemical system as well. The time of
charging Jouble electric 1layer is characterized Dby the
LLy, / D value, where L is the distance between the electro-
des, LD is the Debye length, D is the diffusion coefficient
of the ion. In this case the characteristic time of a chan-
ge 'in the local field of the space charge is expressed by
tD=LD2/D. The fluctuations of concentrations and field
strength in the double electric layer follow external  po-~
tential pulses, in oase of their period -T LLD/D. For
T<1LLD / D the form of these fluctuatiocns deoes not corres-
pond to the pulsed potential waveform. The amplitude of
fluctuations of ion flow :enzity increases as movinz away
from the electrode surface. The most considerable fluctua-
tions of current density take place at the exterior btounda-
ry of the diffusion double electric layer. Since the elec-
trodeaggie bloéked, the current at the electrode surface
goes to zero. In applying a potential pulse to the electro-
chemical system the current density increases sharply and
reaches a maximum at the end of the pulse. The double elec-
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tric layer discharges during the interval, and the current

dengity decreases slowly to some value, whose guantity dJde-
pends on the pulse duration and period. The presence of lo-
cal diffusion and electric fields, which do not yet disap~

bear after stopping the external action, causes the slow of
charge during the potential interval.

When moving away from the electrode surface the form
of current density response to the pulsed potential becomes
more and more distorted. Fig. 1 shows the dependence of cur-
rent -density on the distance from the electrode surface for
various time values. The relaxation of the space charge is
observed, caused by the finite rate of charge motion.

i J-40’2/Am"2

Fig. 1. The distribution
of current density'in the
diffusion double electric
layer at various of y:
1-1; 2-0,63 3-0,5; 4=0,1;
T=0,001 s} y1=0,5; ¥y is
the unitless time in the
period, Jq is the unit-
less pulse duration.

The study of the diffusion relaxation of electrolyte
in the double electric layer allows one to choose the opti-
mum operating conditions for pulsed electrolysis.
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INFLUENCE OF PROCESS IN THE NEAR-CATHODIC LAYER /
AT THE COMPOSITION AND THE PROPERTIES OF
HYDROXIDE DEPOSITS USED AS ANODIC MATERIALS

Y.N.Prodanov,N.V.Kozlova,H.F.Reznik,V.V.Shalaginov.A.E.Avr-
uschenco,J.S.lapin, D.M.Shub
Karpov Institute of Physical Chemistry, Moscow

It is known [1-3] that the basic hydroxide compounds of
metals of the ferry group show high electrocatalitic
activity in the anodic process of 0, evolution. The
creation of anodic materials on the base of hydroxide
deposit out of Fe group metals on the another metal support
became possibie as a result of the study of processes in
the near-cathodic layer during the reduction of metal ioms.

The correlation between cathodic processes and
composition of the deposits has been investigated by the
method of polarisation measurements,by the finding of the
correlations of pH in the near-cathodic layer both
electrolysis parameters and the composition of the cathodic
process.The approximate method of "flowing down"™ have been
used to estimate pH.The composition of the recelved cathode
deposits has been determined by optlcal methods - Infrared
spectroscopy,Raman-laser spectroscopy,and the spectroscopy
of electron absorption.The anodic current-potential curves
were obtained using iM NaOH as a function of cathode
deposit compositions.

It 13 necessary to Increase pH in the near-cathodic
layer so that pH in the near-cathodic layer was higher than
in the main volume of the electrolyte to obtain a cathode
deposit with a high content of the hydroxide phase of the
metals.The adsorption and mechanical inclusions of the
micropaticles of the hydroxides Into the cathode deposit
result In the formation of the microgeterogenous
composition conslsting of metallic matrix and contalning
about 4@ % hydroxides.The ratio of metallic and hydroxides
phases 1s ‘affected by an Iintensivity of forming of
hydroxides in the near-cathodic layer and 1s conirolled
by the following factors: compositlions and concentra-
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tions,pH, temperature of the elecirolyte,current density
and deposition potential,intensity of mixing and etc.The
change of pHE of the nearcathodlic layer 1s often connec-
ted with the process,discharging of the metals’ ions and
H,0* ions,which take place at the same time.The exi-
stence of side process results in decrease of the
cathodic-current efficiency of the maln' process the
electirodeposition of the metal.The increase of pH may
be connected with the discharge of NO; ions in the range
of the potentlals preceding the metal deposition. 1t
was found,that it was neééssary tio rise pH by e,5-1,8 toO
reach pH of the forming of hydroxides in the near-cathodic
layer. Due to the reaction of the forming of the hydro-
xides,pH of the near-cathodic layer is stabilized.

It 18 nessesary to have low concenirations of the
metals ions,high values of pH and high current demsities to
ensure the formation of the hydroxides in the near-cathodic
layer. The cyclic anodic polarization curves in the first
cycle have characteristic maximums,or platesus, which are
not seen in the subsequent cycles.It may be commected with
the processes of further oxidatlon of ihe deposits.

Thus,microheterogenous compositions,consisting of such
metals as Fe,Ni,Co and mixed Fe-N1 composition with
different content of hydroxide phase were obtained by using
the opportunity of influencing the composition of cathode
deposits through the processes in the near-cathodic layer.

The ivestigations of anodic behavior of
microheterogenous compositions allowed us to create the new
anodic material.
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APPLICATION OF INTENSITY MODULATED PHOTOCURRENT
METHOD IN ELECTROCHEMICAL KINETICS

7Z.A.Rotenberg, O.A.Semenikhin
A.N.Frumkin Institute of Electrochemistry, USSR Acad. Sci.,
Moscow .

Photostimulated charge separation in the elecirochemical
systems including either metallic ( photoemission into
solution ) or semiconductor eleotrodes resulis in generation
of some intermediate particles which take an active part in
eleotrode process. Illuminating the electrode with light of
different intensity it is possible to vary their
concentration in order to obtain the information about the
kinetiocs of reactions involving such particles. When the
light intensity is modulated sinusoidally such information
can be obtained from the analysis of freq{lency dependence of
the real and imaginary components of the alternating
vhotocurrent. Illuminating the electrode simultanecusly with
light of constant and modulated intensity it is possible 1o
investigate the non-linear systems. Here we restrioct
ourselves to the oconsideration of the photoelectrochemiocal
process ¢on the semiconductor electrode  where the
intermediate particles are represented by the minority
carriers ( "holes" for h—type semicohductor') accepted by
the surface states.

Photoexcited holes can transfer through the interface
e¢ither directly from the valence band or via the surface
states where they can also participate in recombination
proceass. In this oase one can obtain the following
expressions for the frequency dependence of the real Re(J)
and imaginary Im(j) compsnents of photocurrent:

Re(3§)/8g = 1 - 1B = T(1-PYkk/ (k¥ +4F) (1)

In(§)/bg = T(1-B) ky o/ (kF+0P) . @)
where Ag représents the ac component of minority carrier
flux into surface, w = 2%f is a oircular frequenoy, 7

characterizes the fraction of holes ocaptured by the surface
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states, Xk, is the rate ooefficient of the surface
recombination, k = ky + k2, where k, is the rate coefficient
of hole injection into solution via the surface states. The
coeffioient B takes into account the dependence of the rate
coefficient k¥ on the constant light intensity. Expressions
(1) and (2) are available for the system with the single
surface state relaxation time. In this case the frequenocy
responce of photocurrent in complex plane is represented by
the semicircle. If the relaxation times are distributed.the
form of the frequency responss distortes.

(i3] -1 M
m
U 073Hz 2 1%60Hz
o 02 03 04 Re(J)
Mk
Im(;?
md 0.73Hz 1 630Hz
03 04 05 06 Re(;)

Figure. Complex plane photocurrent plots obtained for
Pb/PbO/PbSO4 in1N HE‘SO.i at the different
light intensities I ( a.u.). E = 0,0 v.!
1 - I=26,5; 2 -~ I=235

The photocurrent plots in complex plane for two
intensities of constant 1light obtained on the anodically
oxidized lead electrode in 1 N HESO4 in the frequency range
1-6300 Hz with the help of the laser source of light equipped
with the eleotrooptical modulator are shown in figure. .
Both plots can be described by two overlapped ellipse arcs.
Such form of frequency dependence indicates that the surface

1A11 potentials are given with respect to mercury sulphate
reference eleotrode in the same solution.
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state relaxation times are distributed about two mean values
corresponding to the frequenby at maximum of the imaginary
component of photoocurrent. Probably the low frequenocy plot
of photocurrent oorresponds to the slow reduction of the
photoeleotrolysis products and the high Irequenoﬁ one can be
related to the surface recombination of the minority
carriers. Here we take into oonsideration only the high
frequency region where the examined model is available .

The ocharacteristic frequency at maximum of Im(J)
increases and the value of the high frequency intercept of
the photoocurrent plots on the real axis decreases with the
light intensity thus supporting the assumption about the
photoexcited electron participation in the surface
recombination process. The detailed analysis of the
photocurrent spectra permitsus to determine the kinetic
coeffioients of the photoprocess. The potential dependence
of the coefficient 7 which characterizes the mechanism of
charge transfer through the interface seems to be of
interest. It was shown that at too negative potentials ( E <
-0,2 V ) 7 is close to 1 and the photoexcited holes
transfer onto acceptors mainly via the surface states
while at more positive potentials the ocorresponding values
of T decrease with the potential and it is possible for
holes to be injected onto acceptors directly from the
valenoe band.
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ON ME EFFECT OF THE TIME FACTOR ON THE COMPOSITION AND
STRUCTURE OF THE RENEWED SURFACE OF Sn-Pb ALLOY ELECTRODES
(based on the capacity measurement data 1In solutions with
organic surface-active additives)

V.A.Safonov, M.A.Choba, D.V.Kireev
Chemical Faculty, Moscow State University, Moscow

In /1-3/ 1t was shown that Pb-Sn alloys are characte-
rized by an enrichment of the surface composition with 1lead
compared to that of the volume. In this work the method of
electrochemical measurements on Pb-Sn alloy electrodes with
a surface constantly renewed (by means of cutting /4/) was
used in order to study the time factor (i) effect on the po-
tential dependence of the capacity of the electric double
layer (C,E-curves) 1n agueous solutions of surface-1inactive
electrolytes (NaF and NaZSOd) with and without organic addi-
tives. The latter were presented by cyclohexanol and tetra-
butylammonium cations (TBA'). Simultanecusly a comparison of
C,E-curves with those obtained on the individual Pb- and Sn-
electrodes was carried out.

On C,E-curves 1n diluted solutions of surface-inactive

electrolytes the cathodic shift of the potential of the ca-
pacity minimum, which corresponds to the potential of zero
charge, was observed with the growth of t, starting from the
moment of alloy surface renewing.It testifies to an increase
in the Pb concentration in the surface layer.
\ When surface-active organic substances are present in
the solution the capacity curves have characteristic peaks,
corresponding to the adsorption-desorption processes of cyclo-
hexanol molecules or TBA* cations.

The effect of organic substances on the C,E-dependences
was studied in a greater detail. It was found that on the
individual metals (Pb and Sn) the cathodic capacity peaks
were shifted approximately by 0.4 V in respect to each other
(more negative - on Pb) and the capacity maeximum on the
newly generated surface of Pb-Sn alloy 1s locatedb between
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those peaks and shifts in cathodic direction starting from
the moment of surface renewing. This result also Indicates
the enrichment of the electrode surface with lead atoms.

The lack of the phenomenon of capaclty maximum split-
ting for cyclohexanol and TBA* adsorption-desorption pro-
cesses on alloy electrodes seems to be significant from the
point of view of the model interpretation of the obtained
data. This fact makes 1t possible to exclude for description
of C,E-curves the application of the well-known models which
are used to describe the crystalbgraphically nonuniform poly-
crystalline electrodes, i.e. the models of independent elec-
trodes and a single diffusion layer /5/.

The quantitatlve treatment of the obtalned data was
carried out within the framework of the model which 1is 1in
principal analogous to one proposed by Kugnetsov et al. for
1liquid binary alloys (the review of these works one can see
in /6/). According to thls model the total potential Jump on
the alloy-solution interface at constant charge of the elec-
trode 1s determined by the surface share of each of the
alloy element, 1i.e.

M, M M
AE = E - Ej'= (By' - E2)ee, ()

where Eg’ and Ege - potentials for a given charge ¢ on indi-
vidual metals, AE - the potential shift at the same ¢ on the
appearance of the second component on the the surface, 8 -
the surface share of the second component. From the experi-
mental C,E-dependences obtained in sufficlently concentrated
NaF solutions corresponding to different t from the moment
of surface renewing, o,E-curves were calculated and then,
from the equation

Sn Pb . Sn
6= (E-E )/(E -E), @)

8-values and dependences of 6 on ¢ at different o=const were
obtained. Assuming that the adsorption-desorption of TBA*
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and cyclohexanol molecules on Sn, Pb and Sn-Pb takes place
at constant o for each solution the same calculatlons of 6
on { were made from the potentials of the capacity peaks 1n
the solutions wlth surface-active additives.

It was found that all these dependences are in a good
approximation linearlyin 6 - ¥t coordinates and remaln al-
most unchanged with thé electrode charge. This makes 1t
possible to assume the diffusion nature for the enrichment
process of the alloy surface with lead atoms.

The comparison cf the obtained data with the results of
physical methods of investigation (SIMS and ESCA) made it
posgible to estimate the diffusion coefficient of Pb in the
alloy, which amounted to 10713 - 1072 cmP/s.

The obtained data as a whole glves welghty grounds for
supposing that the main reason for the enrichment of the
newly generated Pb-Sn surface under the conditions of the
cathodic polarization lies in the lower values of the re-
versible work of surface formation on Pb as compared tc Sn,
and this significant difference remains valid ‘throughout the
whole studied region of potentials.

References

1. Yu.A.Kukk, T.H.Pyuttsepp, Dvoynoy sloy i adscrbisiya na.
tverdykh elektrodakh, Tartu, 5 (1977) 124.

2. L.P.Khmelevaya, B.B.Damaskin, T.I.Vainblat, Elektrokhimi-
va, 18 (1982) 1141.

3. R.P.Frankenthal, D.J.Siconolfi, Surf.Sci., 119 (1982) 331.

4. A.G.Zellnskly, R.Yu.Bek, Elektrokhimiya, 21 (1985) 66.

5. M.D.levl, B.B.Damaskin, I.A.Bagotskaya, Itogl nauki 1
tekhniki. Elektrokhimiya, Moskva, VINITI, 19 (1983) 3.

6. AN.Frumkin. Potentsialy nulevogo zaryada. Moskva. Nauka.
1979, 206.

169

22




THE METAL-ELECTROLYTE SURFACE IN THE ELECTRIC FIELD

R.Salem
D.I.Mendeleev Chemical and@ Technological Institute, Moscow

For the purpose of studying the properties of the me-
tal-electrolyte boundary (M/S) the gimple jellium model is
uged npowadays. It- is calculated by means of the density-
functioral formelism, But the self-coordination analysis of
the electron structure of interface boundary M/S demands
cumbersome calculation /1~3/. On the gtrength of this 4t
seems very promising to utilize a semifhenomenclogicsl ep-
proach, especially when the M/S contact in the external
electric field is considered.

It is common to exprese the liquid metal's surface ten
sion in the form of such specific energies as the electro-
gtatic and the non-electrostatic (i.e. kinetic exchange,and
correlational) ones IEIInatemiaEhnalyzing all the problems
when making up the microscopic electronic theories of the
. surface phenomena in the metals (see, for example, reviews
/2/ and /3/), we only point out that we are not awareof any
work which would have dealt with electrocapillarity. We can
write down the change in the liquid metal's surface tension
in the external electric field as the change in the Coulomb
energy of the double electric layer. Then the electrostatic
part of the surface energy takes the form of

oo
(= 1/2 jq(z+ze)[n(z+z°)‘- n+0(-zﬂ dz , 1)
where q(z+zg) ~ is the potential jump in the double elec-
tric layer and it is the solution of the Poisson equations,
and n(z+z,), 1n,0(-z) are the distributions of the elec
tron density at z>0 and 2z <0 correspondingly, z being
the qoordinafe along the normal to the surface, 3z, is the
shift of the electron system (as a whole) in the external
field E which is perpendicular to the M/S boundary.
The noncompensated charge leads to the electric field
which can be written down as the one of a plane capacitoer
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if the charge density 6, = i'en+ze /2,3/. Here 6, 1isa
free parameter.
The equation

sy = 2nnd (en kR 6, - k°R, 6 2) (2)

was obtained in/S/ for the electrocapillary curve when Fri-
del's oscillations together with the change in the barrier
in the external field had been taken into consideration.

We clearly can see in (2) that a parabola represents
the dependence of the surface-tension drop upon the charge.
Jts ascending and descending branches are not asymmetrical
relatively to the sign of 6. ‘

Our model takes into consideration the noticeable shift
of phase (& ) of Fridel's oceillations (in the dependence
of the external fleld) as well asfﬁigchanse in the electron
density (ne,z-O) and shielding radius (Rs)' Thus, the model
has the quantum nature and %t is essential for its being
adequate to the experiment.
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STUDY OF EFFECT OF PASSIVATING SUBSTANCES UPON INITIAL
STAGE SILVER AND PLATINUM ELECTROCRYSTALLIZATION FROM
MOLTEN SALTS

N.A,Saltykova, L.T.Kosikhin, A.N,Bareboshkin,
0,V.Portnyegin, N.O.Esina

Ingtitute of Electrochemistry of the USSR
Academy of Sciences, the Ural Division, Sverdlovsk

The nucleation éf gilver crystals on platinum micro-
cathodes in silver nitrates melts, coniaining passivating
subgtences, at 230-360°C has been studied by galvenostatic
and potentiostatic methods. The study of initial stage of
platinum electrocrystallization was caerried out on glessy--
carbon microcathodes in the melts of ternary eutectic
NaCl-KC1-CsCl, conteining platinum chlorides, at 500-700°C
by galvanostatic technique. In order to maintain cathode
surfaces in stable state electrode was preliminary polari-
zed as anode at +5¢+ +20 mV, Melt AgNO, acquired passiva =
ting properties after preliminary overheating of - the melt
20-110°C above the electrolysis temperature,leading to the
formation of ailver oxycompounds in the melt (for example,
3 AgEO-AgNOB). In a gelvanostatic regime passivation in
AgNO., melt leads to increase in both the overvoliage me
ximum of crystal nucleation 7m and the time of 1ts reach-
ing, end also to increase of the growth overvoltage of the
nuclel originated (Fig. 1 a,b).

Maximal overvoltage of the nucleation of silver crys-
tals 4, in passiveting AgNO3 melfs reached 60 mV (in non-
-passivating 40 mV). Platinum electrode capacity in pasgsi-
vating AgNO5 melts is much higher ;han in non-psssive-
ting ones and it can reach 1000 F/cm®. Increase of elect-
rode capacity in passivating melts occurs apparently due to
te increase in silver ad-mtoms concentration (at equilib-
rium silver potential). .

One should pay attention to capacity decrease with
growth of current density. The exchange current of silver
deposition~dissclution, determined by the method /1/, for
conditions of nucleation and growth of & single nucleus
(average radius 2‘10_4cm)is by an order lower than in non-
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Fig 1. Oscillograms %4 -t for non-passivating (a) and
passivating (b) melts of AgNOg, 1 = 7,6~10"4A/cm2

a-250°¢, b-250/300°C (overheating of the melt up
to 300°C, 30 min.)

-pessivating melts and is equal to 30-50 A/cmz. Congide-
rable dependence of silver nucleation upon anode poten~
tial magnitude preliminarily applied to ecathode end
upon exposure time of this potential before cathode cur-
rent impulse has been established .

The nucleation of a single silver crystal has been
studied by potentiostatic technique with application of .
"autopotentiostat" of original construction /2/, Time of
e gsingle crystal arising depends upon magnitude, tem-
perature and state of the substrate. We have maximum in
the histograms of times of erising of the first nucleus,

"that evidences of non-stationary behaviour of the nuclee
tion process both in non-passivating and passivating
melts. Non-stationary state is connected with 6hln¢;;
substrate state or of ad-atom concentration in the pro-
cess of nucleation.

Magnitudes of the nucleation constants in Volmer
equation for passivating melts are much grester then in
non-passivating ones that is explained by the passivator
influence not only over depositingsubetance but on the
state of platinum substrate as well.

The investigation of the nucleation of platinum Ery—
stals at glassy carbon cathodes from NaCl-KCl-CsCl  has
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shown that at the same time with >retaining" of general
objective laws of nucleation process (increase in the maxi-
mel overvoltage and number of nuclei with current density
increase, decrease of %, With increase in the electrolysis
temperature, etc) a series of features has been found. In
spite of higher electrolysis temperature maximal overvol-
tage can reach 600 mV, The influence of oxygen-containing
impurities in the chloride melt over nucleation parameters
has been established., Maximal overvoltage inoreases at low
content of impurities in comparison with pure melts, but
at large concentration of oxycompound impurities one cen
observe decrease of ?m magnitude (on 200-300 mV) that can
be the consequence of activation of glassy carbon cathode.
One of the reasons of activation of glassy carbon surface
is spontaneous chemical deposition of platinum crystals and
Pt~C compounds under interaction of oxygen ions with plati-
num ions (II) and carbon., On the grounds of the experimen-
tal curves ¢ -t and the data of number of platinum crystals
at the cathode the exchange currents of platinum discharge-
-ionization process and electrode capacity have been esti-
mated. The exchange current megnitude incremses with current
density (2-100 A/cmz) and electrode capacity drops., Depen-
dénce of the exchange current density on the current density
can be connected with the dimensions and structure of the
crystal nuclei surface. The exchange current magnitude on
flat faces should be expected to be lower than on etomic~
rough faces. For discussion of experimental results we have
proposed model about the influence of foreign  substences
over the silver and platinum nucleation in molten salts.

1¢ A.N,Baraboshkin, L.T.Kosikhin, N.4d.Saltykova. Doklady
of the USSR Academy of Sciences 160 (1965) 145,

2, A.N,Baraboshkin, L.T.Kosikhin. The Transactions of the
Institute of Electrochemistry of the USSR Academy of
Sciences, the Urel Division (Sverdlovsk), 18 (1972) 69.
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ON THE APPLICATION OF CHRONOCOULOMETRY IN STUDIES OF IONIC
ADSORFTION ON THE BISMUTH DROP ELECTRODE

V.Semevshky, P.Paresimigi, M.Y33rtndu, A.Alumaa

Tartu University, Tartu

The most popular methods in studies of electrical double
layer and adeorption phenomena are the measuring of electrode
surface tension and differential capacity. The methods based
on the direct measurement of electrode charge g have been
used considerably less. However, in recent years a method
named chronocoulometry has been applied in studies of adsorp-
tion of organic compounds on solid electrodes /1,2/. The
essence of that method is as follows: a potential step AE is
pfuduced aon the electrode and the dependence of current due
to charging of the electrical double layer on time is measu-—
red. Integration of current—time dependence during the poten-
tial step yields the corresponding change in electrode charge
Aq. As has heen shown in /1/, the values of differential ca-
pacity C ‘obtained on solid electrodes are often non-equilib-
rium ones even at very low frequences of alternate current.
However, by the a%d of chronocoulometry it is possible to
obtain the Eauilibrium values of q. ‘This conclusion is proved
by the independence of the measured aq of the measuring time.
On the other hand, the application of chronocoulometry re-—
quires considerably more complicated equipment, since the
values of current must be measured in very short time inter-—
vals.

The device for the investigation of adsorption phenomena
by the aid of chronocoulometry in our laboratory has been
constructed by the firm "Abakus". The initial parameters are
introduced and the results registered on an Apple 11+ compu-—
ter. The device permits to produce the potential steps with
certain lengths and heights, measure the variation of current
in time and after that find the alteration in electrode
charge by integration of current-time dependences. The device

consists of a potentiostat, current amplifier and integrator,
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which work under the control of a microprocessor. The device
is characterized by the following parameters: polarizing
voitage up to 420 Vi polarizing current up to +10 mAd accura-
cy of keeping of electrode potential #+2 mV: the range of
potentials on electrode +0.3...-2.5 V; the current in the
potential measuring circuit < 10'? A3 the duration of transi-
tion period < S00 n8; the range of measuring of current 0.1
KA. .. 16 mA; the time of measuring (length of potential step)
10...500 mS. The block—-scheme nf measuring system is repre-

sented in the following figure.

r-— - 1 Upa
ot | | [errmsser :
computer = q Potentiostat U
e and A/D DA

: converters : A

[ |

i | CELL

[ . " I

urrent 1

: Integrator amplifier i

L J

Fig.1. Scheme of the measuring system.

To contrel the operation of the described device, the
adsorption of chloride anions from constant ionic strength
solutions O.im M LiCl + O.1{1-m) M Li0104 (0.01>m>1) in
ethanocl on the solid bismuth drop electrode has been chosen
as the subject of investigation because this system has been
very thoroughly studied by means of differential capacity
measurements /5/. The reference electrode was a saturated
calomel electrode. Two different modes have been used For
obtaining the aq vaiues. In first case, the potential step
with a constant height AE = 100 mV has been used and the
initial potential has been moved continuously towards posi-

tive direction. In the second case the initial potential has
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been kept constant (-1.0 V) and various &£ have been applied.
The range of studied potentials was between -1.4 and 0...-0.2
vV (dependent on value of m) and the total time of measuring
of one Aq.E-curve was less than one minute. After that the ag
values were summarized and the scale of q changed so that
zero ceincided with the zero charge potential of bismuth. It
has been found that two modes of obtaining the Aq values give
very close results (differences in Aq dao not exceed 0.2...0.3
,4.((3-cm'2 for ]q|<10 FC-cm'z). To find the charge of adsorbed
Cl”-ions qq, the obtained q,E—curves have been treated accor—
ding to Hurwitz~Farsons method /3,4/ (analogously to q,E-
curves that were obtained by integration of C,E-curves).

It has been found that the charge q4 obtained by chrono-—
coulometry is somewhat less than the same quantity obtained
from differential capacity measurements, but the difference
is not essential (less than 1...1.5 pC-cm'z). The q4 values
were fitted to virial isotherm and the parameters characteri-
zing the inner layer calculated according to the Grahame-
Farsons model. The values of the obtained quantities are
presented in the following table. For comparison, analegous
values obtained from differential capacity measurements /5/
are also presented. The parameters in the table are as fol-
lows: B — adsorption equilibrium constant; B - coefficient of
the mutual interaction of adsorbed ions; Koy and K42 — integ-—
ral capacities of the inner layer; x, and x, — distances of

inner and outer Helmholtz planes from electrode surface.

Table 1

Quantities characterizing the adsorption of €1~ ions

Method 1n 8 | B/nm2ion™| Ko /uF- em? [Kyp /uF - cm?| (g =xq )-(xg ™
a,E 3.5 3.4 30 73 0.41
C,E 3.8 4.2 28 61 0.36

As can be seen from the table, there are ne qualitative

differences in quantities obtained by different methods.
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However, the numerical values differ more than can be caused
by measuring errors. We suggest that the valuesz of q obtained
by chronocoulometry are closer to the equilibrium ones than
those obtained by integration of C,E-curves, but the diffe-—
rences are by no means so large that the conclusions made
previocusly on the ground of differential capacity neasure-—

ments can he considered doubtful,
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ADSORPTION PRCPERTIES AND SELECTIVITY OF MANGANESE
DIOXIDE IN SEA WATER ELECTROLYSIS

V.V.Shalaginov, M.P.Reznik, E.N,Shchitovskaya,N.B.Kendrikov

Karpov Institute of Physical Chemistry, Moscow
* Par East State University, Vladivestok

The investigation of the ses water electrolysis with
oxygen and hydrogen evolution reactions is of great inte~
rest, It has been well known that there are two kinds of
processes in sea water (dilute brine) electrolysis: hydro-
gen-oxygen evolutions reactions and hydrogen-chlorine evo-
lutions reactions., Most anodic materials have higher oxygen
overpotentials and a high activity for chlorine evolution.
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Sometimeg the evolution of chlorines is undei. .able, there
are difficulties in the utilization of chlorine.In this case
the anodes with high gelectivity for oxygen evolution should
be used. There are only faw axodic materiais having these
properties. The selective properties of these anodes are
far from being completely understood. Resent research has
been mainly directed to the study of the correlation bet-
ween adsorption properties and selectivity of the electrodes.

The preparation of the Mno2 samples was carried out by
different methods: by thermal decomposition oanLNO)Z- 4H,0
and by galvanic depogition under ‘different conditions.Some
samples were prepared by anodic deposition, and then these
ones were heated for 1 hour at 35000. The Mno2 electrodes
have different crystallographic structures. The behavior of
MnQ2 electrodes has been compared with that of Ruoa-Tioa-
anodes (DSA).

The study of the selectivity was carried out in solu=-
tions with low chlorins concentrations. The NaCl concentra~-
tion was 30 g/1, temperature 25°C, the amodic current den-
sity 100 mA/em?.

The experiments with the MnO2 electrodes show that the
samples prepared by different methods have. different pelec~
tivities in dilute brine. The oxygen gas content is 60-98 %

end for Ru0,-TiO,~anode 30 %, correspondingly.

The cyclic voltammetry characteristics for Ru.oa-TiO2
and Mn02 elsctrodes differ significantly. For DSA the elec~
trode reactions of dissolved chlorine (formed at higher over
voltages) influence the i-E curves profiles. In the cathodic
half-cycle, one (or two) well-expressed peaks are obagerved,
which are associated with the reduction of molecular chlo~
rine. The peak current increases with increasing anodic po- .
tential in the range from 1.3 to 1.5 V., There is a strong
dependence of the cathodic peak current on the hydrodynamic
conditions. The peak can be ascribed to either the adsorption
or desorption process. But the system is more complicated.
The charge that has been determined by integration of i-E
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curves is much greater than thet for the reduction of a mo-
nolayer adgorbate /1/. '

For MnO2 eleotrodes with different selectivities there
are no cathodic peak currents on the i-E curves.

It has been shown that the prepasration rparameters, the
heat and chemical treatment of the samplea and another fac=~
tors has influence on the selectivity of electrodes.

The stability of the sgelective properties of MnO2
electrodes has been.studied for a long time.

The data obtained lead us to the supposition that <the
selective properties of the coatings are conditioned Dby
their crystallochemical atructure.
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INVESTIGATION OF THE WATER CHEMISORPTION
ON THE INDIUM SURFACE '

M. S. Shapnik,R.R. Nazmutdinov and 0.I.Malyucheva

Kazan Institute of Chemical Technology y KAZAN -

The chemisorption of a single water molecule on the
surface of low index face of indium was studied on the base
of cluster models for the metal. Quantum chemical calculati-
ons were carried out by using the spin-polarized CNDO.2 pro-
gramme. The analysis of surface orbitals of the cluster Ing
allows to predict some optimal orientations for Hs0, 4.
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1. According to our results the water adsorption on the
In surface is nondissociative and the bond O-H stretching do-
es not occur.

2. Two basic types of adsorption sites were found to be
possible on the metal surface. The monolayer of water molecu-
les adsorbed in hollow positions by two extreme orientati-
ons may be considered as the structured lattice ¢(2x2). Such
dipoles contribute essentially to the surface potential drop.
Other molecules ( on-top position ) have a more remarkable
orientational freedom.

3. The calculations predict the increase in work func-
tion for In as a result of the water adsorption. The change
of the surface potential drop (AxI“) was estimated in light
of well known Frumkin conception ~1/. This value C 0,19V)
is in a good agreement with experimental data.

4. The thickness of the compact layer ( dy ) at the In/
water interface in NaF solutions is calculated to be about
0,212 nm. The value dy obtained is less than one for mer-
cury and does not contradict to capacitance characteristics
known for these metals.

8. By comparison of our data with results ~2/ the positi-
on of indium in the “microscopical” row of the metal hydro-
philicity may ke proposed:

Hg < Ag(100) < In < Cu(100)

Attempts to explain the experimental capacitance cur-
ves /37 have been also undertaken.
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THE KINETICS OF THE CATHODIC AND ANODIC PROCESSES ON
THE EUTECTIC ALLOYS OF SILICON AND GERMANIUM WITH
3d~-TRANSITION METALS

AeBeShein, R.G.Aitov

Perm State University, Perm

New electrode materials with the unique corrosion and
electrochemical behaviour are of great importance for  the
applied electrochemistry. In this aspect the "metal-non-me-
tel" alloys, intermetallic compounds and composition mate-
rials are of special interest.

In our recent investigations it has been shown /1=4 /
that such compounds, as 3d-transition metal silicides, are
very prospective as the materials for the creation of ca=
thodes for the process of hydrogen generation,

In this work the results of the investigation of the
cathodic and anodic behaviour of some metal silicides and
germanides as well as the eutectic alloys (MeSi-Si,MeGe~Ge)
in sulphuric ecid are presented,

Intermetallic compounds MexGey, MexSiy (Me=Fe,Co,Ni )
and the eutectic alloys were prepared of pure materials:se~
miconducted zone-refined germenium (99,99%Ge), electrolytic
cobalt (99,98/4Co), nickel (99,98%Ni) and iron (99,98% Fe ),
The investigeted electrodes are polycrystelline and single
crystals with the surfaces (100), (110), (111) and (210).
Before the electrochemical measurements the test electro -
des were prepsred as in /1/, and then they were placed in
the sclution of HZSO4 in triply distilled water, which was
deaerated before and during measurements by bubbling pure
N,e The polarization and impedance measurements were made
with the help of PI-50-1 and R 5021 and structural investi-
gations - with the help of Neophot and JEOL 35 Sli.

The results of the polarization and impedance measure-
ments show, that the main role in the mechanism and ki-
netics of the cathodic process plays the metallic compo -
nent of the intermetallides, The role of the non-metallic
component (i, Ge) becomes essential only for the interme-
tallides. with high content of silicon and germanium, for
example, LoSlz, PeGez, etc. For such eutectic alloy, as Ge-
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~FeGe,, the rate of the cathodic reaction ia smaller,tnanfhr
the intermetallic compound FeGeZ, and it is elmost equal to
the rate for pure Ge.

The clectrocatalytic activity of the surface in regard
to the H2 evolution reaction has been discovered for CoSi.
The cathodlc currents ic (et potential E=const) for CoSi are
greater than for pure Co, the Tafel coefficient bc = 0,100=~
0,110 V @nd it is dependent weekly on the crystallographic
orientation of the CoSi-electrode surface.

The role of the.crystalioéraphic orientation of the
surface was investigated for such systems as Co3i, NiSi,FeSi
and others, It was shown that different surface orientation
influences mainly on the kinetics, but not on the mechanism
of the cathodic process.

The kinetics of the anodic process on the intermetalli~
des and the eutectic alloys was also investigated, It was
shown, that the corrosion resistance of MeSi is greater than
thet of Me end Si. At the very initial moment bthe rates of
the anodic dissolution of MeSi and Me are elmost equal. Bub
after some time the anmedic currents for MeSi become mush wee-
ker than for pure Me, because of the high protective properw.
ties of the passive leyer of 8102. It was shown that the mi-
nimal rate of the anodic dissolution in the range FeSi, CoSi,
NiSi is characteristic for CoSi. Thils fact ceh be explained
in the following way.In the case of CoSi the passive film is
formed at the snodic potentials, which consists practically
only of $i0,. At the same time, in the case of FeSi a mixed
oxide (5102+F6203) is formed,which is less compact and pos-
sesges weak protective properties, The role of the crystal -~
lographic orientation of the electrode surface in anodic
process is not essential.

The rate of the anodic dissolution of metsl germanides ,
as MeGe, and the eutectic alleys (MeGe-Ge) is smaller than
that of metal silicides, because of the weak protective pro-
perty of GeO and Geoa. By the interaction of MeGe-alloys with
the soluticns,the dissociative adsorption of water molecules
occurs, first of all, on the atoms with greater éffinity for
oxygen (in our case, on Ge-atoms), So, one must expect the
weakening of the bond of solution components with someother
atoms in alloy (ile-atoms). This weakening of the bond of wa-
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ter molecules with Me-atoms makes the process of passivation
difficult, whieh is clearly observed for Feﬁéz and FeGez-Ge ;

In the case of such range, as Fe, FeGez, FeGe2~Ge and
Ge , the attempt of the quantitative definition of the
role of each component of the system (MeGe~Ge) in the kine-
tics of the cathodic and anocdic processes was made, It was
shown that the electrochemical properties of the interme -
tallic FeGez—electrode'differ from the properties of FeGe2 -
phase in eutectic alloy., The corrosion resistance of TeGe, -
phagse in the eutectic FeGe2»Ge alloy is-greater, than those
of Ge-phase and of pure intermetallic FeGez.

It was concluded that the principle of independence of
electrochemical reactions for each phase and for each compo-
nent of this phase cannot be used for the analysis of the
electrochemical behaviour of two~phase - Me-Ge alloys.

The results of the polarigation measurements in combine -
tion with the surface observation of the dissolving elect -~
rodes by SEM show that unlike pure iron, Fe~Ge alloys have
not tendency to passivation, The absence of the passive sta-
te region, that is conditioned in the case of Fe by the pro-
tective properties of e 2 3 makes it possible to assume R
that Fe O3 is not formed in significant amounts on the sur—
face of the dissolving reGez—phase.

Such investigated alloys as NiGe=Ge, CoGez—Ge and Ge -
CuBQe are not pagsivated in sulphuric acid either. _

Some of the investigated materials are suggested to use
for the creation of the cathodes, possessing high corro-~
sion resistaence in acidic media (CoSi is the best material),
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EFFECT OF THE SOLUTION pH AND ADSORPTION OF I~ IONKS ON THE
HYDROGEN OVERVOLTAGE ON TANTAILUM IN ACIDIC SULPHATE MEDIA

I.N.Sherstobitova
Perm State Uhiversity, Perm

The polarization measurements were carried out on %a
wire (99.95 %) annealed in vacuum (1077 mm Hg, 850° C, 2h).
To standardize the Ta electrodes surface state, the latter
were pretreated in a uniform manner and cathodicelly pola--
rized in 1 N HyS0, at current density of about 110~ A/om?
for 1 h; then the polarization curve wag recorded in 1 N
H2804. Investigating the pH effect, the solution was re-
placed with one of the solutions as follows; 0.1 XN 32504 +
+ 0.9 K K2804, pH=1.18; 0.05 X H2804 + 0,95 N K2s04,pn-2,4;
0,01 N H2804 + 0,99 K K2304, pH=3.74.Bach of these solutions
was pre~deaerated for 1 h with electrolytically obtained
hydrogen. To investigate the effect of I~ ions adsorption,
potassium lodide was added in step-by-step increasing por-

tions to 1 N sto4 after recording the polarization  curve

in this solution.

Table 1

Effect of the solution pH on the hydrogen #volution

reaction (HER) parameters on Ta in 32504 solutions

pH range Tafel slog?, Transfer (gg_ v {Q4L v
mVedecade coefficient {\dp i dpH/g

0.3-1,18 200 0.3 198-200 139-141

1.18=2.4 200-240 0.3~0,245 | 105-110 46=51

2,4-3.74 240-270 0.245-0.22| 70-T75 11=16

Ag it is seen from the Table 1, first, the Tafel slope

is pH dependent and increases from 0.2 at pH=0,3 up to 0,27
at pH=3.74 and, secondly, the change in pH value results in
the (dE/dpH) value change,At pH ranging from 0.3 up to 1.18
the observed value (dE/Qpﬁ)i=1200-230 mV can be explained
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from the point of view of the slow discharge theory and of
the slow electrochemical desorption theory, which is more
‘probable for Te /1/. According to these theories:

1-o 2,3RT
7= const -« —p— ——i—— lg °H30+ .

Since the hydrogen electrode potential (overvoltage is mea-
sured regarding it) also depends on the amolution pH, then

(gu«:_ . 10_:5 2.3RT . 2.3RT g
dpH/y P F

At &> 0,3 (this value corresponds to the Tafel slope of
0.2 V), one obtains '

(d—E-‘-{) = 196 mV, and (‘—’i}— = 137 nV
dp 1 dpH

Thege results are in accordance with the experimental deta.
At pH ranging from 1.18 up to 2,4 & considerable de-
creasge of ‘dg/de is obgerved in comparison with the theo-
_Tetical value for the slow electrochemical desorption, and
at pH'of about 3.74 the overvoltage can be regarded to be
independent of pH, This faet points to the change of the HER
mechanism from the slow electrochemical desorptién to the
alow recombination, and to the gradudl surfece pasgivation
enhancement at the solution acidity decreasing more probab-
le for Ta, as well, Indeed, the oxide film thickmess Tine
creage Tesults in the Me-H bond energy (Ey,_p) decrease that
should acc;lirate the hydrogen evolution rate andreduce the
overvoltage at increase of the pH of QEe solution.Therefare,
the effects of pH raising and Ele-ﬁ lowering compensats each
other. A considersble decrease in Ey, o should cause a de-
crease of the transgfer coefficient « and, hence, the in-
creage of the Tafel slope. The experiments have corrobora-
ted the theory. Thus,ion the Ta surface passivation enhance
‘ment at pH increasing more than 1, our asesumptions . seem to
be confirmed.
‘ The polarization curves recorded on Ta-electrode in the
presence of I~ ions are presented in the Figure 1. These
anions influence the HER actively raising the hydrogen over=-
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voltage. This effect is more pronounced at Jlower cathodlc
potentials where the Ta surface positive charge is greater.

LE/V(5C5E)

+o>

.06

- D O

04

1 i 1

A
3 2 1 -lgli/Aon®)

Fig.1. The cathodic polarization curves on Ta elec~
trode in 1 XN H2804 at the I~ ions conceqtration as follows
(in mole/1): (1) O (2) 3-1072; (3) 1-1072; (4) 3-1072; (5)
1210715 (6) 31077 .

The specifically adsorbed I~ ions decrease the surface co-
verage with H , and Ey . and shift the V' | potential to
more negative values. The first effect resultsin the hydro-~
gen evolution inhibition at slow electrochemical desorption
The gecond and the third effects result in the HER accele-
ration, The first effect seems to be expressed to»a'greﬁter
extent, which is quite possible sta considerable Te surface
coverage with Hads in the absence of the I~ ions.
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STATE OF SURFACE OF HIGH-TEMPERATURE ALLOY ZhS6-KP
AND ITS BASIC COMPONENTS AT ﬁNODIG HIGH~-SPEED DISSOLUTION
IN NON-AQUECUS PERCHLORATE SOLUTIONS

G,F.Shpak, S.A,Lilin

S.laso Polytechnical Institute, Kishinev ‘
Ingtitute of Non~Aqueous Solution Chemistry, USSR Acad. Sci.
Ivanovo

Behaviour of metals in electrolyte solutions at elect-
rochemical dissolution is dependent enough on the state of
anode surface., This refers essentially to the processes of
electrochemical finishing in non-aqueous and water-organic
solutions of electrolytes.

The dependenée of the electrochemical behaviour of al-
loy ZhS6-KP on the solution nature is visually illustrated
by the data shown in the Figure.

Fig. :

Potentiostatic polarization
curves of dissolution of alloy
ZhS6-KP in 1 M solution of
N50104 in various solvents:
1 - water, 2 - formamide (PA),
3 - dimethylformamide (DMFA),
4 - acetonitrile (AN),Rotation
speed of disk electrode is
2000 rev/min; solution tempe-
rature iz 293 K,

The state of surface of alloy ZhS6~-KP and that of nic-
Xel and chromium (as its basic components) was investigated
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Table 1

Dependence of electrophysical parameters of the surface
£ilms on ZhS6~KP alloy at its high-speed anodic dissolution
in 1 M solution of NaClO4 on solvent nature and potential

magnitude
Sol~ ¥, VpEPs W, Cys I C,, |Character
vent v mV Q-cm20'1/2 cem~3 Fecn~2|of surface
Water 1.8 - - - - Existence
of thick
. black f£ilm
4.0 - - - - - the same
6.5 0.5 129 77 76 the same
FA 1.8 0,075 - - - the same
4,0 0.080] 258.4 9 : 20 " }smooth,
' bright
6.5 0.085 431.7 9.7 14 the same
DMFA 1.8 0.25 - - - Existence
of thick
black film
4.0 0.3 699.7 9.9 9 smooth,
bright
6.5 0.55 | 521.9 10 20 the same
AN 1.8 0.08 | 258.6 5.2 18 the same
4,0 0.05 877.9 5.7 {. 10 the same
6.5 0,05 | 877.9 5.7 10 the same

Note: The magnitudes of the electrophysical parameters of
the surface £ilm on ZhS6-KP formed in air: V. =

2 -1/2 -oFEP
0,18 mV; W = 2058R cm“c i Gy = 3.3/¢F-cm iCy =

6.4/4F'cm-2.

i
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by photoelectropolarization (PEP) and impedance spectro=~
scopy methods according to the technique described else~
where /1/. The results obtained are given in the Table.

48 1t is shown elsewhere /1/ for the studies on the pro-

cess of electrochemical finishing of aluminium, capacity 01
interrelates with the thickness of the surface film. The
value of capacity 02 reflects the degree of the surface

pitting (i.e., quality of its finishing). The value of War~
burg diffusion impedance (W) characterizes the efficiency
of inhibiting, the transfer of metal cations through the
£ilm.

Similar results are obtained for nickel and chromium.

It follows from the comparison of the data shown in the
Figure and Table 1 that there is a correlation between the
parameters of equivalent scheme and the characteristics of
electrochemical formation (process productivity and quality
of the surface finished). Bemides, there is a direct evi-
dence of the differences between the characteristics of the
f1lm oxidized in air and the one existing on the surface of
anodically dissolved metal,
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THE ELLIPSOMETRIC STUDY OF POLYPYRROLE FILMS
T.Silk, A Hallik, J.Tamm

Tartu University, Tartu

Polypyrrole C(PPY is one of the most studied conducting
polymers thanks its good stability to temperature and to
acids /1. PP films can be easily generated electrochemically
on various subsirates. There have been several ellipsometric
studies of conducting polymer films: pelyaniline 2/,
polyvinylferrocene 3/, polypyrrole -4/, polythionine .5/,
pol ythiophene /8., In most cases the complex refractive index
C n—-ikR 2 has been determined from the ellipsometric angles A
and ¥. According to the majorit,y of investigations the
refractive index shows only a slight dependence on the
thickness d of polymeric films, i(.e. the films seem to be
homogeneous. " But it is known that such films have
complicated structure: the polymeric chains may be either
fibrillar or globular; the dopant ions distribution is not
uniform; according tco SEM pictures the ‘film is porous eic.
This contradiction probably springs from the fact that the
authors have been determined the parameters only at some
limited thickness range or at relatively large d values
Cabove 100 nmd. It is very important by the computing of n
and R values to know the exact film thickness, since it can
be easily shown that in case of conducting films Ck#0) we can
find greatly different gquantities for the parameters
depending on the assumptive d. In most cases the d-values are
calculated from coulcometric data, assuming. a full current
efficiency which may not be correct. According to 7/, where
the d of freestanding PF films were determined from cross
sections by SEM the slope of the charge-thickness dependence
changes with the synthesis potential. The actual d can
fluctuate ca. 1.5 times at the same amount of charge.

Another difficulty in interpreting the ellipsometric
data is caused by the influence of surface roughness. Taking
into account the actual roughness is a very serious problem
in ellipsometry. Therefore it is mecessary to iry to realicc
the measurements on as smooth surfaces as possible. For the

ellipsometric studies of conducting polymer films it means
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that the d cannot exceed a certain value /8/.

In present investigation the PP films parameters n and k
at d=20, 40, 70, 100, 150, 200, 400 and 700 nm were
determined. The PP in oxidized state was formed electrochemi-
cally on a n;irror-t‘inishod surface of Pt-electrode from
acetonitrile solution, containing 0.1 M of pyrrole and 0.18 M
NaClO‘ as a supporting electrolyte under galvanostatic
conditions € i=1 mAscm® 3. The reduced state of PP was formed
in the same solution applying the potential -0.8 V in respect
to the saturated agqueocus AgCl reference electrode throughout
1 and B minutes. We expect to obtain the thickness of 1 um
with the passage of 0.4 Crem® according to Q. A L1119
ellipsometer equipped with a L1i8RA automatic rotating
analyzer interfaced to a HP-85 desk-top computer was
employed. All measurements were performed in air at the
wavelength of 632.8 nm and the angles of incidence were 80°
and 70°.

Exporimentélly obtained trajectories on the A,¥-plane
cannot be described in the framework of homogenecus model,
{.e. the n and k must be changed with d, especially in the
vicinity of the electrode. The measurements on reduced PP
show that in the same region ¢ up to 100-180 nm from the
electrode 3 a alteration of properties takes place. We
should note that the scattering of A and ¥ values was greater
for reduced PP than for oxidized state.

In order to model the PP films behaviour we used a
multilayer model with a layer thickness of- 8§ nm with several
regions. The functional dependence of n and kR upon d in each
region was propoéod in the form n=n_‘+Cni—nf)expl —adxb), where

n and n are the initial and fimal values, respectively;dx-

re.’lat.j.vaf thickness in given region and a,b are formal
parameters determining the shape and position of the
transition from r to n,. In this way we were able to
simulate the experimental data with a satisfactory accuracy
using 3-6 different regions. We have detected that in all ca-
ses there is a deep minimum in n,k-values at range of 40-100
nm from the electrode and the optical constants achieve a
more or less fixed values at 200 nm. The reduction affects
mainly the Kk, which decreases 4-5 times in the vicinity of:

the electrode, the n-minimum becomes deeper and the maximum
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at ~ 100-180 nm appears. It is known that the quantity of k
is connected with the conductivity of the films. Consequently
the diminishing of k may be associated with the decrease in
the dopant concentration. This is in accordance with the inf-
luence of reduction time on such a behaviour. On the other )
hand, the removal of dopant ions affects strongly the

diameter of polymer fibres which may be decrease up to 3

times/8/.It also influences the values of optical parameters.
To summarize the results of simulétion of the expurimental

data we can deduce that the transition from the conducting
state to nonconducting one begins at the electrode-pol ymer
interface and propagates to the direction of the sclution.

The synthesized PP films have complicated structures and thus

are to considerable extent inhomogenecus, tl)r at least close

to the electrode surface. The ellipsometry is applicable te
detect the alterations which take place in the polymeric
films of various thicknesses.
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PHOTOEFFECTS AT THE INTERFACE Cu/Cu(II), GLYCINE, a- OR p-
ALANINE

A. Survila, P. Kalinauskas

Institute of Chemistry and Chemical Technology, Lithuanian
Academy of Sciences; Vilnius University, Vilnius

According to [1], the phase Cu,0 layers may be formed
on the surface of non-polarized Cu electrodes which are in
contact with solutions containing 0.01 M Cu(il) and 0.04 M
of glycine either a- or p-alanine. The thermodynamic pro-
bability of these processes may be attained at pH > 4, 3.5
and 3.3, respectively, for the series of ligands mentioned.
The existence of such surface layers has been confirmed by
potentiometric [2], ellipsometric and X-ray spectroscopic
data [3], ‘

Compact Cu,0 may be related to the semiconductors of
p-type. However, the cuprous oxides formed as-thin films
under various conditions may gain both hole and electron
conductivity.

In order to investigate the photoelectrochemical pro-
perties of Cu electrode, the argon laser JI'H-408 has been
made use of. The laser beam power density was altered from
0.03 to 3 W cn2 with a wave length ranging from 0.4579 to
0.5145 pm.

In the case of p-alanine system the typical response
of electrode potential to a laser beam perturbation takes
the following configuration. A sharp fall of the electrode
potential from dark value Ej to minimum one Egj;, results
from the switching of a laser beam on. The former E may be
described by Nernst equation for the second kind electrode,
i.e. taking into account the existence of the Cu,0 layer.
Epjp waes found to be on the 0.125 V level with no clearly
expressed dependence on pH in the pH range from 5 to 8.

The next shift of electrode potential involves rather
a slow (within several seconds) rise from Ej;  to the ste-
ady-state Eg value. The latter is close to the equilibrium
potential of the first kind electrode.
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So, at low overvoltages the phase layers in g-alanine
system exhibit the properties of n-type semiconductor. The
inversion of photocurrent sign is observed at the cathodic
polarization of 150 mV order (Fig. 1). The type of layer
conductivity also changes in this case.

Fig. 1t
The typical response to
laser beam pulses of p-
alanine system contai-
ning 0.01 M Cu(II), 0.1
M ligand and 0.3 M K,SO,
at pH = 7

000 o4chmwe)

The response of electrode potential exactly reiterates
the shape of laser signal,the intensity of which is modula-
ted up to the frequency of 3 kHz (higher frequencies have
not been investigated).

In contrast to the p-alanine solutions the positive
photopotentials and negative photocurrents prevail at low
overvoltages in the case of glycine and a-alanine systems.
The photoeffects are weaker,whichis in accordance with the
evaluation of thermodynamic probability of Cu,0 formation.

The different photoelecirochemical properties observed
in the systems under investigation can be related to the
deviations from stoichiometry of the surface oxide layers.
Both the degree and the sign of these deviations depend
on the ligand nature as well as on the electrode cathodic
polarization value.
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HYDROGEN EVOLUTION REACTION ON THE METALS OF IRON GROUP

J.Temm, L.,Tamm, P.Vares, J.Arold

Tartu University, Tartu

The hydrogen evolution reaction on the metals of iron
group has been studied in many works, but it is very diffi-
cult to generalize the experimental results obtained. The
number of factors which influence the kinetics of the catho-
dic hydrogen evolution on iron, cobalt and mnickel is much
larger than for mercury type metals, however this fact is
often not been taken into account. A systematic study of the
effect of the chemical nature and structure of the metal,
the surface state of the electrode,the electrolyte composi~
tion and temperature has been carried out in the work to be
reported. The electrodes were prepared from different kinds
of metals: poly~ and single crystal iron and nickel, elec-~
trochemically deposited cobalt and nickel. The surface of
the electrodes hes been polished mechanically,chemically or
electrochemically.

It has been established that the rate of the hydrogen
evolution reaction depends not only on the nature and struc-
ture of the metal, but also on the method of preparing the
electrode’s surface and on the polarization treatment.In the
case of nickel, the most essentiel factor is the pretreat-
ment of the electrode: the rate of the hydrogen evolution
on mechanically polished surface exceeds that on chemichlly
polished surface 50-100 times /1/. The rates on iron elec-
trodes with differently prepared surfaces differ ~only 5
times, but the purity of the metal has & much stronger in-
fluence /2/., If the purity of iron or nickel is high enough,
the overvoltage depends only slightly on the structure and
purity of the metal.

According to the great number of experimental data
nickel is congsidered to have highest catalytic activity eamong
the metals of iron group. However,the results of our measu-
rements on chemically polished electrodes show that the ex~
change current densities increase in the sequence Ni Co Fe.

196




These results can be explained if to assume that hydrogen
absorbs into the metal during the cathodic polarization.Hyd-
rogen absorption should decrease the metal-hydrogen bond
energy and increase the hydrogen overvoltage. Some experi-~
mental data support this supposition.It has been establish-
ed /1/ that the special surface state with low hydrogen over
voltage can be realized on polycrystalline nickeldkwtfodes,
annealed in hydrogen. After the polarizetion with high cat-
hodic current density this surface state disappeared. A re-
markable rise of the hydrogen overvoltage in time after
switching on the cathodic polarization is probably also con-
nected with the absorption'of hydrogen /3/. -

It has been established that for all the electrodes in-
vestigated, the dependence of the hydrogen overvoltage on
the pH of the solution is less than that proposed by the
theory of slow discharge of protons. Obviously the nature
of the metal-solution interface in the case of the metals of
iron group is meinly determined by the metal-water bond ra-
ther than by the electrostatic interactions between ions and
the metal surface.

Essential differences in the regularities of the hyd-
rogen evolution on the metals of iron group become also evi
dent in the different influence of the temperature on the
hydrogen overvoltage. According to the theory of the elemen-
tary act of electrochemical reactions the overvoltage might
have an effect mainly on the value of apparent heat of ac-
tivation. The most unusual results were obtained on mecha-
nically polished nickel: the overvoltage has a major effect
on the value of the preexponential factor and influences ve-
ry slightly the apparent heat of activation. The results on
iron electrodes were as proposed by the theory - overvolt-
age influences mainly the apparent heat of activation.
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OXYGEN REDUCTION ON GOLD

K. Tammeveski,T. Tenno

Tartu University, Tartu

At present time in the case
sors,cathodes are mainly made of
gold preferably.
oxygen
examined,using the rotating disc

In the present

on gold-covered glassy

of amperometric oxygen sen-—
noble metals,of platinum and
work the electroreduction of
has been

carbon electrodes

electrode Lechnidue. A thin

layer of gold was applied by means of vacuum evaporation. The
All

electrode

measurements were carried out in KOH and KCl solutions.

potentials are given versus saturated calomel

CSCE>. The solutions were saturated by air oxygen. To obtain
reproducible results the working electrode was cycled several
times between potentials +0.1 and -1.2 V.

Voltammetry curves for oxygen reduction are shown in the
Figure.They are characterized by two waves in 0.1 M and 1.0 M
solutions of KOH.The second wave is not well formed. In the
potential range from -0.4 to -0.8 V the experimental values
of current are higher than required for 2 e process of oxygen
reduction. Additional current was considered due to partial
reduction of HO; in the rﬁgion of the first waye -1 ,27. The
results obtained by Adzic et al.on gold single ecrystal
electrodes testify to the essential dependence of oxygen and
reduction ' the surface

hydrogen on

structure/3-5/.

peroxide process
The second wave in current-potential’ Ci,ED
-0.8 V is characterized by a
of -1.2 V

current gains the value,close to the diffusion limited 42

curve,which begins at potential

gradual rise of the current.At the potential

process.
In the solutions of 0.1 M and 1.0 M KCl the same
measurements were carried out. In the i,E curve only one

wave can be observed.There is a large region of potentials

from -0.68 V to -1.2 V,where oxygen reduction current is dif-

-1/2

fusion limited.This is evident from the plot of it vs.w

Cw-rotation rated.where linear dependence is gained, the
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approximation of which will pass through the zero.

i/mA-cn?
10F

1
0 05 ~10 EMGEE)

Fig. Voltammetry curves for oxygen reduction on gold
covered glassy carbon electrodes in air saturated solutions
of: 1- 0.1 MKCL; 2- 1.0 MKCl; 3- 0.1 M KOH; 4- 1.0 M KOH.

Sweep rate 10 mV-s *,rotation rate 1850 rpm.
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SPECIPIC FEATURES OF THE ADSORPTION OF
MACROHETEROCYCLES ON A METAL ELECTRODE

M.R.Parasevich, L.A.Khanova, L.F.Ilafi

A.N.Frumkin Institute of Electrochemistry, USSR Acad. Sci.,
Moscow

It has been shown by the example of chlorophyll (Chl),
pheophytin (Phe),tetraphenylporphyrin (HzTPP), Zn-tetraphe-
nylporphyrin {ZnTPP), Zn-ethioporphyrin (ZnEP), coproporphy-
rin (H2CP) and irondicarbonyl (Fera) that substances with de-
veloped conjugated systems of delocalized electrons exhibit
irreversible adsorption on a metal surface, This effect is
obgerved not only for s-conjugated macrocycles (porphyring),
but also for an electron-deficient compound irondicarbolyl.

Aasorption was carried out from aqueous andaprotic sol-
vents: from aqueous solutions of Chl, Phe,HzTPP, ZnTPP,Hch,
ZnEP solubilized with acetone; Chl solutions in acetone, bu-
tyrolactone, propylene carbonate, solutions of HZTPP, ZnTPP
in acetone, aqueous solutions of Ferz.Solubilized solutions
are monomeric nonequilibrium systems; solutions of porphy-
ring in the aprotic solvents mentioned are true solutions.In
spite of the fact that solutions of aifferent nature were
used, irreversible adsorption was observed in all the cases,
No new products were formed during adsorption, destruction
and polymerization products in particular. ’

The edsorption cannot be explained by the hydrophobic
nature of the substances studied, since, for exemple, dafter
thorough washing off with acetone,dibenzo-18«crown-6, which
is readily adsorbed on an amalgemated platinum electrode, is
completely removed from the surface.

The gspecific features of irreversible nondestructive ad-
sorption of porphyrine and Fer2 differ qualitatively both
from those of reversible physical adsorption and irreversible
destructive adsorption. The irreversible adsorption of por-
phyrins is characterized by the concentration-independent ad-
gsorption in a certain concentration range and by presence
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of several states of adsorbed substances depending on the ad-
gorption conditions (substance concentration, potential and
solvent nature)., It is shown that transition from one adsorb=-
ed state to another 1s possible. There being no equilibrium
between the dissolved and edsorbed substances, adsorption on
the surface can occur in states which are not energetically
the most favorable ones. The solvent nature,concentration of
the substance being adsorbed and electrode potential create
different conditions for the molecule present in the layer
adjacent to the electrode at the moment of adsorption.The in
reversible adsorption on the electrode fixes these metastable
states, In passing to more negative potentlals during measure-
ment of the current-voltage curve, a transition from a less
to more energetically favorable state is possible,

The electrochemical reactions of adsorbed porphyrins
have been studied., As the potential of the redox reaction of
a strongly adsorbed substance differs from that of the redox
reaction of the unadsorbed substance, 1t is possible to make
use of this property for studying electron tunnelling pro-
cesses, The possibility of electron tummelling through a ce-
tyl alcohol monolayer (2 nm thick) on an amalgamated plati-
num electrode in a dark redox reaction of irondicarbolyl has
been proved with the use of qualitative criteria.
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ON THE REASON OF THE ONSET OF ZERO ESTANCE IN THE
INTERFACE "REVERSIBLE ELECTRODE/SOLID ELECTROLYTE"

A.Ys.Tarasov, A.T.Filyayev

Institute of Electrochemistry, Ural Department of the USSR
Acad. of Sci., Sverdlovsk

Studying the estance of the interfaces Ag/x-Agl (AgCl,
AgBr, Ag4RbIS, Ag6I4WO4) /1/ and Cu/CuBr (Cu4Rb013_2511.75)
a discovery was made that after several cyclic wvariations
of potential in the range 0% ¢< 0.6 V in respect to a cor-
responding reference electrode,the estance curves that take
place in a gegment of values that are more positive than¢=
= 0.02 V (silver electrode) and ¢ =0.04 V (copper electrode)
drop to the zero line, and then at ¢ = 0.05 V (Ag) and ¢ 2>
z 0,09 V (Cu) the estance is zero everywhere, Since these
reference electrodes always have metal oxides on their sur-
face, and the processes of overvoltage and "undervoltege"
in electrodissolution and electrodeposition occur /1/ that
can introduce corresponding changes to the forms of estance
curves, then the further studies (that are more correct) we-
re carried out on the electrochemical system Ag/Ag2+5S/SEL
(g01id electrolyte)/Ag2+5S/Ag with maximum saturation with
silver of Agy ¢S (5=§nax) that executed functions of rever-
sible gsilver electrode. Saturation of silver sulfide with
gilver at T> 450 X results in the onset of mixed electron-
ioric conductivity in it, the electron conductivity being
very high /2/. Results of studying the estance of this sys-
tem fully agree with those obtained in respect to the inter-
face Ag/SEL (Fig.1).

Fig.1
Dependences of the estance
modulus on potential of the
interface Ag/AgBr at T=683 K,
V=10"3 V/s, £,=3.62 ¥z  (a)
and Ag/AgZS/AgBr at T=683 K,
V=10"2 ¥/s, £,=3.28 Klz (b).
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Let us consider the reasons that resultin the zero de~
pendence of the estance on potential.

Run of alternating current through half element Ag/
/Ag2+ss/SEL is accompanied by the onset of temperature diffe.
rence between the silver electrode and SEL. This is caused
by Joule's and Peltier's heat effects.Joule's heat is esti~
mated from the strength of the current passing through the
registance of gilver sulfide: Q=12-R. But there isno neces-
gity to estimate it, since we have two identical in thick-
ness layers of Agzs that are disposed symmetrically to the
gsoundguide (SEL) /3/, and this is the reason why the ariging
heat deformations in these layers are levelled., The thermo~
dynamical essence of Peltier's heat is caused by the diffe-
rence in values A H and aZ for the electrode process Ag+ +
+e = Agoqq = Wp» i.e, £Z=sH= ~TaS=T(@E/2T)=W,, where aZ,
AH, AS are variations in isobar potentiasl,the resaction en-
thalpy (heat effect) and the process entropy, respectively;
OE/2T (Seebeck's coefficient) is the thermal potential of
thermogalvanic element Ag/AgX/Ag (X stands for halogen)with
values of AgX for o -AgI, AgCl and AgBr taken from /4/.Sin-
ce under the temperatures of the study end atd =0 the elec~
tron conductivity of Ag2+{S is high (the more so, a33=ﬁhax
that is a degree of deviation from stoichiometry), then in
the interface Angés/SEL, with pogitive polarization (by con-
atant current) of silver electrode, the oxidation of halo~
gen (as at Ag electrode) will ocecur: X;l_te—;el_de(Agzs)-——
ada® This will be accompanied by the transition of ca~
tions Ag+ from silver sulfide to SEL, With superposition of
variable component onto the mean potential (constant current)
the energy of the interphase layer will undergo changes and
generate mechanical oscillations on both electrodes (bipo~
lar electrode /3/) recorded by piezoelectric element. Since
the ionic conductivity of Ages is considerably poorer than
the electron one, then in the interface of silver aulfide/
/SEL, reversible reaction Ag - & == Ag+ + Wl must unequivo~
cally occur, with heat effect W1 (in the field of alterna-
ting current), i.e. heat fluctuations on each half-element
of the elecirochemical system shall be synchronous: one of
the half-element's electrodes is cooled (aq >0), which cor-
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responds to the increase in the surface tension (Ar>0), and
the other one is heated @q<0), which corresponds to the de=-
crease in the surface tension (Ay< 0).In this case, the es~
tance curve (everywhere positive) must be raised above the
zero line by the value of the reaction heat effect W /5/.
But this is not observed. Reaction X~ -~ &8 = X ads * W can
not level this heat effect, if only for the simple reason
that W2 strongly exceeds Wl in the absolute value, On the
other hand, this is a slow relexation process.
It is known from the literature, e.g.,that the process
of dissolution of bromine in SEL AgBr proceedas via the re-
action Br -~ Br~ + [e+]+w3 with heat effect WBthatis equal
in the absolute value to that of the reversible reaction of
gilver but with the opposite sign (at T=683 K WB-O A4 YV fof
and W;=0.44 V, a ratio of 1V=23.06 kcal/faraday being admit-
ted here), [e: ] stands for electron hole., Let us imagine now
that negative half-wave of sinusoidal component, on one of
the electrodes of half-element of the electrochemical sys~-
tem, reaction Ag+ + e :'Agads ~ 0,44 V takes place., Simul-
teneously, at the game electrode, reaction Br = Br + [ef]+
+ 0.44 V occurs (countercurrent of electron holes and silver
cations). Hence, the total process Ag + 8 4+ Brads" Agads
+ Br” + [e ] occuring at one of the electrodes has no heat
effect, and, consequently, the estance is zexo., It is for
this reason that in numerous measurements of impedance /7/
at reversible electrodes, parallel to Faraday's process, &
circuit arises that refers to non-basic charge carriers.
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ADSORPTIVE AND ELECTROCHEMICAL PROPERTIES OF PIATINUM FIIM
OF DIFFERENT DISPERSION DEPOSITED ON TITANIUM BASE

Yu.V,Telepnya, D.M.Shub
Karpov Institute of Physicel Chemistry, Moscow

The study of correlation between dispersion propertiés
of electrodes and the conditions of their production arouses
interest in connection with decision of electrocatalytic prob~
lems, as the platinum film anode has a wide range of appli-
cetion, It is known that the composition and properties of
electrolyte solution nature and state of cations and anions,
character of chemosorbed oxide layers, pH and promoters in-
fluence both electrochemical activity and selectivity of pla-
tinum electrode in the case of peroxydisulphate-anion synt-
hesis /1/. However, the recularities of electrochemical pro-
perties' change of platinum film anode with different true
surfaces have been studied insufficiently /2/.

The kinetics of PtClg' complexes reduction was investi-
gated by pulse potentiodynamics and steady-state polariza-
tion curve (PC) methods. The deposition of platinum on tita-
nium base from acidic electrolytes in the range o6f the hyd-
rogen section of potentiodynamic curve (PDC) eand atmore ne-
gative potentials was investigated. The conditions have a
great effect on the roughness factor (RF) of the platinum de-
posits, Thg RF increases while the current density, platinum
complexes concentration and temperature rise.

Obviously, the properties of the electrolytic platinum
deposits and the degree of their roughness depend on the re-
lation between the formation rate of platinum atoms and their
inclusion into crystal lattice.

Shift of PC for the electrodes with high RFin direction
of higher rates of oxygen evolution reaction was discovered
by polarization measurements on electrodes with different RF
(3, 40, 120, 300) in 3.3 M (NH,),80,+0.1 M H,S0, electrolyte.
The high slopes of E=I curves are connected with semiconduce
tor changes of the oxidized surface state and asemiconductor
nature o? oxygen layers formed at anodic potentials, The in-
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crease in ohmic losses on the electrode with RF=40 may be
connected with an additional resistance in pores and on the
borders of "grains" of the platinum film anode. It leads to
the lowering of the potential possible to realize on the
electrode and of the efficiency of elecirosynthesis connect-
ed with this potential. It was found from balance experi~
ments in the sulphate solution that with the RF increase in
the range from 3 to 300 the rate of peroxyﬁisulphate forma-
tion and the current effeciency decrease fapidly from 75 to
1.5. It was interesting to study the composition and proper-
ties of oxygen coverages, formed at high enodic potentials
under these conditions.

The pecularities of hydrogen adsorption-desorption pro-
cesses and oxygen chemosorption in the range of potentials
from 1,2 to 3.6 V (NHE) were investigated by cathodic po-
tentiodynamics. After computer treatment of the results the
correlation between the degree of the oxygen species cove-
rage (CO-1,3 and CO-2 forms) and the RF was found. The ine
crease in oxygen evolution rate at potentiels 2,5-3.6 V in
sequence of electrodes with RF values 3, 40, 120, 300 is
connected with the rise of labile oxygen shere for the CO-2
form, It correlates with strengthening of the CO-2 sgpecies
bond observed in potentiodynamic experiments (the shift of
reduction peak to more cathodic potentials).

The change of the adsorption surface properties and the
differencies in oxygen evolution reaction rate of the Ti/Pt
electrodes with various dispersions is evidently the cause
of different selectivity in peroxydisulphate-anion synthe- )
sis.

References

1. V.I,Veselovsky, A.A.Rakov, E.V.Kasatkin.A.A.Yakovleva.in
Adgorption and Electric Double Layerin Electrochemistry,
ed., by A.N.Prumkin and B.B.Damaskin, Nauka,Moscow, 1972,
p.132.

2. G.A.Seryshev, Chemistry and Technology of Hydrogen Per-
oxide, Khimiya, Leningrad, 1984, p.48.

206




THE DISTRIBUTION OF GAS COMPONENT 1IN THE INTERPHASAL BOUNDARY

T.Tenno, A.Mashirin
Tartu University, Tartu

The application of amperometric diffusion limtted sensor
of soluble gas guarantees measuring of its contents in the
units of effective concentration [11. For the environments
with different thermodynamic properties C(organic liquids,
water, salt solutions and others) the same values of effecti-
va concentration €, express one and the zame level of physi-—
cal interaction between Lhe soluble gas and Lhe membrane aof
the sensor through the interphasal boundary. This interaction
functions through equilibrial distribution of the given gas
component belween boundary phases (environment - sensor memd—
raned. The effectivity coefficient l\ C €= h}‘c. where ¢ is
concentration) is expressed with regard to gas environment as
basic. )

The equilibrial distribution of gas components between:
the phases is attained by means of equal and opposite flows
of gas components through boundary interphasal surface, e.g..,
between gas (gd andkiiquid (s) phases:

J =7 1

where j”= h”* jgd is the equilibrial gas flow density from
the gas phase into the liquid phase, j.'= k.'ﬂ jsd - equilib-
rial gas flow density from the liquid phase into the gas pha-
se, kg. and k., are probability coefficients. of transition of
gas component. molecules from the gas phase into the liquid
phase and vice versa. j“l and j-d are the flow densities of
the gas component self-diffusion in the gas and liquid pha-
ses,

The coefficients k’. and h.' are connected with the
average energy of transition of gas molecules through inter-—
phasal boundary, but the parametres jgd and j.d ~ are conaec-
ted with the diffusion characteristtcs of these phases:
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where s and c_ denote the concentration of gas component in
gas and liquid phases, ("5’),‘ and (5.),‘ are the average velo-
citiex of diffusion translation of gas camponent to interpha-
sal surface (along a given axis) from gas n.nd liquid phase, =
- is the mass of gas component molecule.

Thus in establishing the equilibrial distribution of gas
component between the phases, their diffusion characteristics
are also participating. Besides, it lis necessary to mention
that in equation (1) only the cﬁ and g characterize the con-
tent of gas component in the gas and liquid phases. We can
assume that by establishing equilibrium state the partial
pressure of the gas component in the gas phase appears as »
measure concentration, on the one hand. On the other hand, as
an energy parameter, the partial pressure may participate in
the total change of the energetic state of gas componient by
its transition through the boundary phases and influence the
value of coefficients of probabllity of transitions hg- and
k.’.
As a result of the .presented discussion, we cour.d con-

clude that immediate physical factors of establishing equili-
‘ brial distribution of gas component in the heterogenecus sys-—
tem are:

- diffusion characteristics of phases

of the heterogenecus system,

- energetic probabilities of transition of gas component

through the interphasal boundary.

The above-mentioned physical factors characlerize the .
soluble state of gas component and permit to widen the com-~

prehension about effective concentration as a physical para-
meter by determining the contents of soluble gas component.
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DEPOSITION POTENTTIAL AND ZERO CHARGE POTENTIAL AS
ELECTROCRYSTALLIZATION PARAMETERS OF METALS

!
Yu.M.Tjurin, V.V.Izotova, V.I.Naumov, T.V.Sazont'eva

Nizhny Novgorod Polytechnical Institute, Nizhny Novgorod

Considerable advances have been made up to now in the
area of the electrécapillarity theory, including unbalanced
electrodes under conditions of the gurface layer conversions
governed by the oxide and crystal formation, by corrosion
etc. /1,2/. The surface forming work, depending, according
to this theory, on E, ri, ﬁi and zero charge potential po-
sition, appears in the main kinetic,energetic and structural
relationships of the electrocrystallization theory. The si-
multaneous discussion of electrocapillary and electrocrys-
tellization theories is not found in the literature and con-
gideration of electrocapiliaryv phenomena covers mainly
the adsorption range of the surface active substances.

In this report from that point of view, the relation-
ships between the surface formation work, surface tension,
wettability, soldering ability, lustre, microhardness, in-
ternal stresses, porosity, structure and morphology for the
series of commercial and electrodeposited metals (Ag,Cu,Ni,
Sn and their alloys with Bi and Pb) at the‘boundary metal/
/solution and metal/air and polarization potential (Epol)
and depositign potential (Edep) are analyzed. The objects
were selected so that theilr electrocrystallization poten-
tials would be in the range of electrodeposition.

As substantiated, the quantitative measure of the sur-
face work (6) is the Rebinder hardness, the surface tension
{(7) is the linear electrode deformation under polarization
conditiong and GQE'ol curves proper are the unbalanced ana-
logues of the electrocapillary curves. It was found that a
common property of hard electrodes in a wide range of catho-
dic potentials is the polyextfemal bahaviour of 6’,Ep°1 and
f, E ol relations., The maxima for 6 ,E o1 Curves are iden=-
tified as zero charge potentialas, while the minima as the
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area of crossing of adjacent electrocappilary curves where
the sign of the surface charge is not determined as g single-
valued function. The fact of realization of several electro
capillary curves and, correspondingly, zero charge poten~
tials on the same metals (for the Cu, Ni and Sn - Bi alloy
there are two such values; for the Pb, Sn and Sn - Pb alloy
in acidic solutions there is one value for each;for the al-
kaline solutions there are two or more; for the Ag in the
neutral solution there are four values) asllows one to de=~
fine the problem of the zero charge potentials multiplicity
for the hard metals and to clarify some debated issues of
the problem already on this stage of the studies. Interpre-
tation of realization mechanisms for the zero charge poten~-
tials and electrozapillary curves is proposed.

It hes been found in the studies of metals and alloys
that the zero charge potential plays the role of a parame~
ter governing the value of the excess surface energy of the
‘electrochemical deposit. The surface forming work relation-
ship to Edep is the representation of the corresponding 6,
Ep01 curves (Fig.1) and the deposits having formed potentio-
metrically in the vicinity of the depositing metal zero
charge potential, show the meximum value not only for the
work of forming but also for the adhesive tension, wettabi-
lity and soldering ability as well, The further Iinvestige-
tion of the electrochemical deposit characteristics allowed
one to classify the properties of deposite that are in the
cause~ and consequence relationship with the work of form-
ing and the surface charge and not correlated with the change
of 6 . It has been shown, that the orientation, size and
form of graing, surface roughness, internsl tensions and
microhardness of electrolytic deposits do not define con-
clusively the character of the surface forming work relation-
ship to Edep end in turn, they are not governed by this re-
lationghip. On the contrery, relationships of the number of -
surfece defects (etching dots), porosity,hydrogen evolution
reaction exchange current and surface forming work to Edep
are similar. It has also been found that the absolute maxi-
ma for deposit lustre are observed in the area of ascending

~
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branches of potentials of 6’Epol curves that correspond to
the positive surface charges and predominant anion adsorp-
tion potentials which most likely are of levelling behaviour.

6 6
ol A g {ea0
12400
w0+ |, | Lo
0 05 Epol,Edep

Pig.1. Surface forming work for the commercial (curve
1) and electrodeposited (curves 2,3) silver samples as a
function of E . at the background of 0,5 M Na2504 (curvej)
and Edep (curve 2 ~ thiosulfate, curve 3 - ferric ferrocya-
nide silvering electrolyte).

As a result, a new effect of maximum hardness realiza-
tion, surface forming work, surface adhesive tension at elec~
trodeposition of metals in the vicinity of their zero charge
potential was found, that can be used for havingthe desired
influence on wettability, soldering ability, electrocataly-
tic and anodic (corrosive) activity and other functional
properties of electrodeposited coatings.
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SPECTRAL PROPERTIES OF ELECTROCHEMICALLY
GENERATED CUPRATE FIIMS

G.A.Tsirlina, R.M.Lazorenko-Manevich, L.A.Sckolova,
0.A.Petrid

Moscow State University, Moscow
Karpov Physicochemical Institute, Moscow

It 1s known that cuprate and cuprite films have interest-
ing photoelectrochemical properties /1,2/. However, the par-
tially hydrated thin oxide layers on Cu were Iinvestigated
only in aqueous alkaline solutions contalning alkall metal
cations. Nowadays in view of anodic electrosynthesis of Cu-
based high temperature superconductors /3/ such films at-
tract great attention, especlally those containing heavy ca-
tions,i.e. alkali-earth metals, Tl, Bi, Pb and some others.

In present communication some new data are presented
concerning optical and electrochemical properties of Cu-Ba-
and Cu-Tl-mixed oxide films on the polished Cu surface and
thelr comparison with pure cuprate fiims.

According to the cyclic voltammograms and stationary
polarization curves, the presence of Ba’* 1n the solution -
strongly influences the kinetics of copper passivation and
dissolution. The peak height of actlve dissolutlon decreases
and the current in the passive region Increases in compari-
son with those in NaOH solutions at the same values of pH.

The addition of T1* salts leads to the appearence of
anodic currents of T1203 deposition in the region of Cu oxi-
dation, resulting in the Tafel relationship with the slope
about 130 mV wich holds up to oxygen evolution potential.

The electroreflection spectra (dR/RAE,%w ) ( figure )
were measured in 0,46 M NaOH solution on the copper
rodes previously anodized 1n basic solutions of NaOH
{curve 1), NaOH + T12504 (curve 2) and Ba(OH)2 (curve 3).

The main tendencies observed are growth of negatlve
signal peak at 2,1-2,4 eV and the disappearence of positive
signal peak at 3,2 eV with the cationic modification of
tilm. Incorporation of catlons (Ba®* or T13%) into cuprate
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was detected by Auger spéctroscopy. It was shown that nega-
tive signal peak helght vs potential curves have maxima at
potentials which dirfer from each other for the films of
various compositions.

Fig. [&%WJIVJ
Electroreflection spectra (real -8

part) of Cu-(1),Cu-Ba(2) and
Cu-T1(3) containing oxide films
(see text) measured in 0,46 M
NaQH solution at 1,3 V ( RHE).
Modulation ~ 70 mv, 15 Hz.

As for acetonltrile solutilons, glectroreflection sig-
nalsfor all cuprate flims are lower than 1074 v-' in a wide

spectral region. The existence of peaks only in aqueous so-

lutions gives evidence that the appearence of these peaks is
caused byiizo and (or) oxygen adsorption on the oxide surface.
Hence, the data presented in the figure show a significant

difference between the adsorption behaviour of pure and mo-

dified cuprate films.

The shape of spectra of cuprates 1s typleal for the
pectra of passive oxide films on different metals and is in
ualitative agresment with the idea of water chemisorption
on inhomogenecus oxlde surface develcped earlier /4/.
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THE DIFFERENTIATION OF THE SURFACE ACTIVE CENTRES
RESPONSIBLE FOR CHEMICAL AND ELECTROCHEMICAL
METAL DISSOLUTION

L.E.Tgygankova

Tembov State Pedagogical Institute, Tambov

The differentiation of the surface active centres on
Gogqg ©f @ solvent molecules /1/ results in operation of che-
mical and electrochemical ionization mechanisms of a metal.
Being different sides of a gingle process, these mechanisms
differ in many kinetic parameters. However, this phenomenon
does not allow to consider their ionization occuring on the
energetically different surface active centres. This problem
can be resolved under conditions of estimation of the inhie
bitor effect on the kinetics of the chemical and electroche-
" mical ionization:
- polvent takes part in metal ionization directrly;
- surface-active substances (SAS) ere adsorbed on dissolving
metal surface forcing out solvent molecules from it.

Both gtatement hold for solvophilic metals only.

The experimentel verification of the ideas being deve-
loped was made under conditions of ionization of steel
12X18H10T and steel Ct.3 (the choice was stimulated by an
essential difference of effects observed on them) in ethy-
leneglycol solution of HCl. Iodide-ions were used as SAS,

Bringing 7.9-10™2 mole/1 of iodide~-ions in 3.0 M ethy-
leneglycol solutions of HCl (80%) gives a sixfold decreasein
the rate of chemical dissolution (ix) of stainless steel in
the potential range of B, . (#0,15V) together with a very feeb~
le slow down of the electrochemical ionization (anodic area,
rate ia). Further increasing of the ¢ by three orders of
magnitude does not practicelly change ix and decreases ia
essentially. At the same time, ix does not equal zero at the
corrosion potential but on the contrary,ix>>ia in the Gy
interval studied.

A different picture in all respects is observed on Ct,3
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in the same aolutions (20°). The presence of 7.9+10 2mole/1
todide ions leads to a twofold decrease of i and o the in-
crease in ia by approximately one order of magnitude (ano-
dic polarization). It is evident that adsorption of iodide
ions in the same active centfes cannot lead to such diffe~
rent effects. An ia decrease in comparison with tge back-
ground one is observed in the presence of 7.9-10"° mole/l
iodide ions only. At the same time, increase of ¢~ bto
7.9-10'3 mole/l does not change ix in spite of forcing out
solvent molecules by inhibitor not far from all active cen-
tres being characterized by the known interval 44G.; /1/.
The latter statement is proved by the following: ix>>ia and
ix determine the rate of steel ionization.

Raisging temperature of the solution to 80° increases
the absolute values of ia and ix but decreases the inhibi-
tive ability of iodide iong with respect to ia and ix to
zero, i.e. iodide ions are incompetable with respect to the
ethyleneglycol molecules adsorption in all adsorption cen-
tres.

The experimental data presented in this report have
given rise to the following conclusions:

- chemical and electrochemical metal dissolution take place
in different active centres under conditions studied;

- inhibitor particles cannot force out the solvent mole-
cules from all active centres inside the determinate range

- the correlation between free adsorption energies of sol-
vent molecules and inhibitor particles or inhibitor frag-
ments is not defined by the natureof the latter only, but by
the relative energetic activity of adsbrption centres;

- & gpecial interest in the conditions of the energetic non
uniformity represents the combined inhibitors, Their compo-
nents can be adsorbed differently on the active centres with
different values of AGadB’ slowing down the chemical ioni-
zation because of ones components and the electrochemical
ionization because of other components. Such inhibitors ha~
ve proved to be most effective inside definite intervals of
active centres AAGadsa
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CONSTANT PHASE SHIFT AS A CONSEQUENCE OF THE FRACTAL
CHARACTER OF ION TRANSPCORT

A,E.Ukshe
Institute of Chemical Physics, Chernogolovka

When studying relaxetion processes in solid electroly-
tes in the band of low and infra-low frequencies at non-har-
monic interactions and long obseravtion times, one can ob-
serve, besides the double layer capacity overcharge,the re-
lexation corresponding to the constant phase angle /1/, i.e.
a CPA-element with the frequency response: v

= A(jo)P (1)
or with the time regponse

A =pbt'"P , where O<p<1 (2)

Dependences (1) and (2) are connected through the Iaplace
transformation.

At present there are two hypotheses to explain the phy-
sical nature of such an element.

1. There are strong local inhomogeneities with static
fractial structure of ° the electrode/electrolyte interface.‘

2. Limitation and deformation of the surface layer of
s0lid electrolyte csused by non-zero ion radii. This hypot-
hesis was reported by me at the previous symposium.

What is the essence of this hypothesis?As the ions have
non~zero sizes, their number in the surface monolayer is 1li-
mited.This limitation is especially gtrong in the case of a
g0lid electrolyte when ion transport can take place .only
along the rigid sublattice channels, occupying an inconsider

216




able part of the volume., The relaxation of the volume charge
ariging from ion excess is supposed to follow the plastic de-
formation mechanism.

The presence of the critical charge that accounts for
the change in the electrode/solid electrolyte interface ba-
haviour was detected experimentally. However, some other pe-
culiarities were also\discovered. There has recently been a
tendency to explain all slow relaxation in solid electrolytes
by the CPA effect., Our investigation proved that this was
not the case. It was dimcovered for the PtlHBPMo1204O and
Au\Ag4RbIs, that in the case of frequencies at which the
charge transferring over the interface during on half pe-~
riod of measurement signasl has a lower value than a certain
critical one, the cell equivalent schemeincludes the double
layer capacity and the diffusion impedance of Warburg. Thus,
the double layer is considered a plane capacitor and the re~
laxation takes place due to the diffusion of secondary car-~
" riers. At lower frequencies, when the charge is higher than
the critical value, a CPA element is switched on congecuti~
vely tothe double layer capacity, i.e. the relaxation mecha-
nism is changed. ‘

We consider that the phenomena connected with geometric
limitations of charge density and, probably, with the chan~
nel structure of a solid electrolyte should lead directly to
the fractal character of ion transport.

Let's consider the transport of ion along an isolated
one~dimensional channel of conductivity where an jon can jump
to the next position with probabidity p in the positive and

1=p in the negative direction under the random motion.In the
presence of electrical fleld p is not equal to 41=-p.Since at
random moments of time the channel happens to be blocked up
in random places by other ions, probabilities p for diffe-
rent knots are independent and distributed according to the
"binary" law

9(p) = a8(p-py) + (1-q)5(p-p,) .
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In case a one«dimensional channel is blocked, it completely
stops the transport., However, es there actually are two-di--
mengional or three-=dimensional channel net the blocking is
dynamical, we can introduce probability Py for an ion to
get into the blocked up position.

Now conaidering the frequency of jumps constant,we msy
apply to the gbove aystem the resulis obtained by the Monte-
Carlo method by J.Bernasconi and W.Schneider /2/,who showed
that the displacement of the particle in sush a system ias
in fractal dependence on time:

x(t) = £ #(p~"1nt), 1< V< 1/2 (3

Upon averaging on time and s lerge number of ions the
periodic function P disappears:

vy

F(p~'Int) = const = F, end x(t) = P  (4)

Therefore, the ion transport in a raudomly blocked
channel has a fractal character, When the current runs in
the volume of superionic, the probability of chemmel block-
ing, i.e. decomposing of an infinite cluster, is close to
zero, as the number of positions is several times larger
than that of ions. Besides, for current flow the charge dis-
placement isg gignificant, while the cheracter of the trans-
port of s separate ion does not play any important role
(evg. & transfer mechaniam of transport may teke place). In
the region of a space charge the sbhove mechanism would work,
sincs under the effect of electric field the thickness of
this charge will change in time in proportion to an average
ion displacement, i.e.

4=at (5)

If we accept that the bulk cherge capacity is inverse-~
ly proportional to its thickness and 4pply the Heavyside
transformation for producing a response to the harmonic cur-
rent /3/, we may conclude that the aémittance of such a bulky
charge is )

Y = Aépexp(J p/2), whers p = 1 =y (6)
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Admittance (6) corresponds to (1), i.e. we have obtained the
CPA element.

We have obtained a fractal time dependence of ion dist~
ribution in itransport process with computer simulation based
on the ideas which have been discussed.
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THE OVER~CHARGE EFFECT IN DOUBLE ELECTRICAL LAYER

E.A,Ukshe

New Chemical ?roblems Institute, USSR Acad.Seci.,
Chernogolovka

It has been shown in numerous investigations that DEL
capacitance in molten salts, coéncentrated agqueous solutions
and solid electrolytes is very high and increases with in-
creasing of electrode potential and temperature. These pe-~
cularities are not in agreement with the well mown Helm-
holtz and Gouy-Chapman approximations. Such a behaviour of
the DEL in condensed ionic systems can be caused by alter-
nation of the charge sign in the ionic layers near the elec-
trode which can be conditioned by a specific character of
the radial distribution function.

For generation of the sign-alternating ionic structure,
first of all it is necessary to form an excess charge or,
respectively, excess number of certain ions in the <first
near-electrode ionic layer. If the charge of the electrode
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surface is q, and the effective total charge of the first
ionic layer is - Qs then owing to the specific adsorption,
the inequality lagi>qy ocen be realized.

Excess charge in the first ionic layer has to be com-
pensated in next layers when moving off from the electrode
surface, It is worth noting that the first layer ionic over-
charge \qskqm might not be connected with any electric
charge in the condensed phase as a whole, This over-charge
is formed only because of the redistribution of ions in the
ordered structure, i.e. in the short-order region of con-
centrated liquid electrolytes or in crystal lattice of g0~
1id electrolytes. The compensation of the excess charge of
the first ionic layer cen be realized by means of a gradual
monotonous charge attenuation in some following ionic layers
or by alternating charge attenuation. As a result, the mea-
sured capacitance is the effective total value for the se-

ries circuit of the interdependent capacitors as it is shown
in Pig.1.

(a) (6)

}11 ’f{ *f{ © 1 Fi, o
GGt G B % B GGt Gt s &
s Gs

3

»

Fig.1. Charge distribution among the ionic 1layers ar+
ranged parallel to positively charged metallic surface.

It can be get for the capacitance of the DEL with mono-
tonous charge attenuation
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and for alternating charge attenuation
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Here £, = 8.8.10"12 Fem~! ig dielectric permeability

of vacuum, ¢ is dielectric constant of ionic phase, as is
effective thickness of the first ionic layer (i,e. the layer
of adsorbed ions), k = av/as, vhere a_ is thenwanﬁhickness
of the ionic layers except the first one,s = q1/qu and p=
= q,,¢/q, are over-charge coefficients for the first and
following ionic layers, respectively. Hereby, the charge of
the first ionic layer equals Qg = 9y + Qqe

The origin ¢f the over-charge is connected with ionic
adsorption at the electrode surface. But the extending of its
compensation for several ionic layers arises from the par-
ticles orderliness and from the limiting of the number of ve-
cant sites in the gtructure of the condensed electrolyte.
Both these phenomena are connected with strong electrostatic
and covalent interactions of the ions.

At the first approximation we can assume that k=2, Be~-
sides, the inequalities

P < 1, §f< 1 and s8> 1
have to be satisfied. Then it is easy to see that the calcu-
lated values of ¢y and ¢, can be larger than the capaci-
tance of the Helmholtz dense layer. :
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ABOUT ACCOUNTING OF REAGENT SPECIFIC ADSORPTION WHEN
DETERMINING THE KINETIC PARAMETERS OF THE ELECTROCHEMICAL
RERCTIONS

Y.F.Vargaluuk, S.A.Kagolowskij

Dniepropetrovwsk State University, Dniepropetrovak

The problem of the electrode process kinetics inwesti-
gation under the conditions of the reagent specific adsorp-
tion has been discussed in literature. There are known the
kinetic equations derived by K.Golub [1] and P.Delahay [2]
for the galvanostatic and potentiostatic regime of, electro-
lusis, which account the adsarption of the particles re-
acted and are useful for the reaction of the following tupe

Aw=2p o+ Ne s B, = B. (1)

However, it is practically impossible to use them for the
analysis of the particular electrochemical sustems because
due to the extensive formulation of the initial problem the
relations deduced havenot a real analutical form at all. Be-
cides, the participation of only the compound adsorbed in
the electrochemical reaction is not the most common case.
Most often a parallel reduction of the diffusing and speci-
fically adsorbed particles proceeds as in the electruchemi-
ctal processes inwolving the organic compounds being siowly
adsorbed or the discharge of the aquoions of metals and
their complexes with the surfactant ligands

k .
A+ ne T‘“ B, (2)
2
- -~ k§ Y
A+ Ly == AL, +ne TT By {3

For such sustems we have determined the constants of the
charge transfer rates for reactions (2) and (3) under the
patentiostatic conditions. Assuming that rE — [ gives the
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fullowing relation

. P . - = tp+¥ dE ‘
i = HoexpiHotderfolH JT) + [L:dl—H,—H4 P (T ]—f L4)
4 = ) - el p 0

As the generalized constants H - H, of equatiun (4) invol-
we hoth the known quaptities «n, F, ﬂH e, E .g) and a
large number of the unknown parameters (k ,, kz, k4, Kg=
ar . JULH, Kg= drrdeB, Ke= arn /9E}, ta determxne the last
anes, the complex processing of a number of the chroncampe-
rograms recorded «aat various values of E, CS, GE and GE is
used.

In order to increase the initial information nquantity
it is suggested to differentiate and integrate i,t-curves
recorded. it is shown, that the combination of di/dt,t-
and q,t-curves recorded with the initial i,t-relations ma-
kes it possible to determine the kinetic parameters of the
electrachemical reaction, the parameters not being affected
by adsarption phenomena. In this case a set of the rela-
fions chafatterizing the very adsorption process ‘Edl E,
FyEs FH—CE and  Ty- E) is obtained as an intermediate re-
sult,

The method deweloped is used to siudy the nature of
the effects produced by some swurfactants on the accelera-
tien of the electroreduction of metal ions. The electro~
reduction of cadmium ions at  the presence of iodide and
oxalate ilons illustrates that in the first case the charge
is  transfemed to the complexes reacting by the bridge me-~
chanism and in the second one the process rate increases
mainly duwe to the reagent adsorption increase resulting
from surface complexing.
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ON THE RELATION BETWEEN THE INTERACTION OF ADSORBATE MOLECULES
WITH ELECTRODE SURFACE AND ITS IONIZATION POTENTIAL

M.Vaartndu, A.Alumaa

Fartu University, Tartu

Existence of a connection between chemosorption and the
first ionization potential I of the adsorbate molecule can be
considered justified in the case of the aromatic compounds
whose interaction energy with the electrode surface appears
to be a significant part of the adsorption energy. As a
result . of that specific interaction, a considerable charge
transfer from adsorbate molecules to thee electrode takes
place already in the adsorption region near the zero charge
potential Eq.0 of the electrode /1,2/. As the potential moves
to the positive direction, the coefficient of the partial
charge transfer increases and in the case of platinum elect-
rode in non-agqueous medium the oxidation potential Egx can be
reachéd, at which a complete electron transfer takes place.
It must be naoted that in many studies /3-5/ a linear relation-
ship between Egy and I in vacuum has been found. These guan-—

tities are related by the following eqguation /2/

Eox = =0 + Eqo ~ 865 + 88Bg + 1, ()

where ¢ is the electron work function, by which the ion for-
mation energy diminishes on electrode surface; -88g and -AGE
are the free energies of solvation of neutral and ionized
forms of arganic compound in a solution. Thus, a physically
justified linear correlation between Egx and I may be expec—
ted only for compounds with analogous structures {(equal num-—
ber of functional groups or aromatic rings and other factors)
and similar solvation effects. These principles for grouping
of the observed compounds were regarded as a basis also in
looking for relation between the adsorption of organic com—
pounds and their ionization in vacuum. Besideg, it seems to
be  justified ¢to seek a correlation not on the basis of the
total free energy of adsorption -8B,, as it was done in works

/6,7/, but on the basis of that part of it which is directly
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related to the specific interaction of adsorbate with the
electrode surface. This interaction may be quite well charac-
terized by the profit in the freg adsorption energy A(-AG, )
of an organic compound at transition from free solution

surface to the boundary bismuth/sclution /8,9/.

Fig.t.
The dependence of profit in
d ti £ A(‘AGAVKJ-W".

the {ree adsorption energy o wp
organic compounds A(-AG, ) at 1 ﬂ
transition from free solution
surface to the boundary Bi/solu-
tion on the first ionization

potential I in vacuum: A - aro-—

matic hydrocarbons, B - mono-
functional derjvatives of ben-
zene, C - difunctional deriva-

tives of benzene, D ~ monofunc—

tional derivatives of naphta~ 7 5 ;_ﬂiol,kv
lene, E - aliphatic compounds.

The following compounds correspond to the numbers in the fiF
gure: 1 ~ benzene, 2 - toluene, 3 - naphtalene, 4 - phenol,
S - o~cresol, & - m—cresol, 7 - p-cresol, 8 - aniline, 9 — o-
toluidine, 10 - m—toluidine, 11 - p~toluidine, ‘12 - benzyl
alcohol, 13 - benzoic acid, 14 - pyrocatehol, 1S - resorcinol,

16 - hydroquinone, 17 - o-phenylenediamine, 18 - m-phenylene-

diamine, 19 - p-phenylenediamine, 20 -~ l-naphtol, 21 - 2-na-
phtol, 22 - t-naphtylamine, 23 - Z-naphtyl - mine, 24 - acetic
acid, 25 - propionic acid, 2% - P Eyric acid, 27 - valeric
acid, 2% - hexanoic acid, ?9 - heptannic acid, 30 - acetone,
31 -~ methyl ethy! Fetane, 37 — methyl propyl! ketone, 32 -~ me-
thyl butyl ketone, T4 - ethyl acetate, 35 - propyl acetate,

36 - butyl acetate.

The results of the correlation analysid are plotted in

Fig.1. As it can he seen, in the case of aliphatic £Omn e
line &), no evident relation ocries hetuwesn DALY and T,
This result is quite natural, <inre np significsnt sperific
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interaction of adsorbate molecules with electrode surface and
partial charge transfer from adsorbate moleculés to electrode
has been found on electrodes with high hydrogen overvaltage.

Hawever, any correlation between A(-4G,) and I has not
been found for polar aromatic compounds either. As can bhe
seen in Fig 1. (lines B,C,D), 1in spite of a ctonsiderable
charge transfer in the adsorption process of aromatic com—
pounds on electrodes, the expected strengthening of the -
electron interaction between the adsorbate and the electrode
surface at decrease of I as the electronic characteristic of
adsorbate molecule, does not take place. Thus, in respect to
the interaction between the adsorbate molecules and electrode
surface in the region of zero-charge potential of bismuth,
the determining factors are such structural characteristics
of molecules as the existence, number and mutual arrangement
of functional groups and also the number of aromatic rings in
adsorbate molecules. The dependence of A(-AG,) on I in the
case of aromatic hydrocarbons (line A) is different just
because that the change of I at transition from benzene to
naphtalene is accompanied by an increase in the number of
aromatic rings.

There are various action mechanisms showing how the struc—
tural factors of the adsorbate molecules are determining
their interaction with electrode surface. 1t is necessary to
emphasize the influence of the functional group in the adsor-
bate molecule on its orientation in the adsorbhed layer and
therefore also on creating conditions for surface—-adsorbate
interaction. For this reason, only a satisfactory correlation
has been found bhetween A(—AGA) and the total excess of the -
electron density Z:Aq1r on carbon atoms in aromatic rings (the
correlation coefficient for compounds with one araomatic ring
is 0.874). The values of Z}Aqw were obtained by guartum
chemical calculatian in CNDO/2 approximation /10/.

The analysic of the dependence of free energy of adsaorp-
tion -8B, on I yields unjustified results because -aB, con-—
tains both the energy of structural squeezing out of adsor—
bate from bulk seolution and the interaction energy with

electrode surface /76,7/. In cur .opinion, the values of 7 at
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the maxima of these dependences may in no way be interpreted
as the resonance potentials to which correspond the compounds

chemically interacting with the electrode surface.
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KINETICS OF REACTIONS WITH PARTICIPATION OF A REAGENT
AS A STIMUIATOR OF ACTIVE DISSOLUTION AND A PASSIVATOR
OF METAL IN PARALLEL PROCESSES

M.V,Vigdorovich, V,I,Vigdorovich

All-Union Scientific Research and Design Technological
Institute on Machinary and Oil-products Utilization in
Agriculture, Tambov

On the basis of the’ideas developed in /1/,one can see
that the solution components of the same kind can act either
as activators or passivators (inhibitors) of metal ioniza-
tion under different conditions. Moreover, this phenomenon
is connected with energetic nonuniformity of adsorption cen-
tres /2/ and with the existence of attractive interaction
of the adsorbate. The H20 molecules and chloride ions, in
particular, have such a double nature under conditions of
iron ionization /3/.

Let us consider the ionization of an active and passive
metals, whose rates are j1 and j2, respectively,with parti-
cipation of substance A:

i, = ¥,6C} exp [;,1(E - %,)¥/RT] (1)

Jp = kh(1 - @)C} exp[p,(E - ¥,)F/RT]., (2)

p1 and‘Pz are either seeming (for polystage rgggt@ons) or
true transfer coefficients; © and (1-0) are the fractions
of active and passive surface, respectively.

Orders on A can differ very much because of the diffe-
rent nature of the intermediaste adsorbed complexes in the
‘case of the ionization of active and passive metals, If T=
=const and the electrode potential and solution composition
are invariables (¥,=const), the common rate of reaction is as
follows:

i = k0Ck + K, (1-0)c} . (3)
Seeming order on A will remarkably;change with an increase
in the passive surface contribution. Let us estimate it,ta-
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king j as the primary value if 8=1, then increasing of(1-0)
brings about a decrease in j

: m m n 3
83 = K C} - kOO - k,CH(1-0) = (k,C} - k,CP)(1-0).  (4)

The seeming orderof the reaction of W regarding A can be
expressed as follows:

da(1naj)  d(1naj) ac, d(1naj)
W= = . = ’CA (5)
4(1nC,) ac, a(1nC,) ac,

To get W=W(CA), the analysis has been carried out un-
der A-sorption submission to the Langmuire-,Freundlich- and
Frumkin isotherms for both the uniform and nomuniform sur-
face, and under conditions of the attractiven interaction,

accordingly.
The Langmuire isotherm
BC
—" (6)
BCA+1
Combining (4) and (6), we have
k,CT - k,C¥
5= LA_24 (7
BCA+1
Taking into account (5), one can get
m n
mk,Cy - k0y  BC, (8)

k O} - k,Cp  BC,+1
For 'the nunnriqsl colculation of the magnitude of A4C,, where
experimental dependence lnAj=f(1nACA) can be approximated by
a straight line equation with the necessary accuracy, equa-
tion (8) can be used.
Freundlich 1sotherm

0 = BCA , 0<o<1 9)
= (k,C0 = k6B (1 - BCY) . (10)
The function W = f(C ) has the following form according to
(5): m-11 o
myC -n By, C
L - 1A

m-n «
fe - 1 - BOG
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The Frumkin isotherm

BC, = —— exp(-2a0) ()

The presentation of the exponént in (11) according to Taylor
if e=6 (O«:O°< 1) results in the following expression:

_ e ; _ 200
B,C, = P (1 + 240, -~ 24@), B, = Be“ "o

mpCt® - n ] B,C ’
w o _\! 1A (12)
(B,C

Fem -1 420 +1)° = BuB,C,
If the sign betore the square root is positive then the so-
lutions of equation (12) in case & ¢ O have physically non-
sengical values (€< 0). .

The results on numerical calculations ofW on the bor-
ders of concentration intervals A CA of different 1lengths
are given for all igotherm pointed out in the report.

Generally, the correlation.W:W(CA) has the following

form:

m[CK'n -n

W= o - (¢, , £(c,)> 0 (13)
s -

By experimental defining of the character of £(C,) ome
can obtain the true adsorption isotherm which isnot limited
by the boundaries of the original model. If © =g(C,), then

mpcT ™ c,g'(c,)
g Y o't (14)
[Cy -1 1 - g(Cy)

Combaining (13) and (14), one can obtain C

!,A[f(cA)/cA] dc,

c,e'(c,)
1- g(CA)

f(C):

A and 6 =1-c¢
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" INVESTIGATION Of THE INFLUENCE OF THE POROUS STRUCTURE,
INTERFACE CAPACITY, KINETIC AND DIFFUSION CHARACTERISTICS
ON THE DISCHARGE~CHARGE CURVES OF POLYANILINE EIECTRODES

Yu.,M,Vol'fkovich, A.V.Shlepskov, T.K,Zolotova,
S.D.Bobe, A.A.Zaitsev

A N.Frumkin Institute of Electrochemistry, USSR Acad, Sci.,
Moscow :

This study is concerned with the influence of the po-~
rous structure, interface capacity, kinetic and diffusion
characteristics on the discharge~charge curves of polyani=-
line electrodes. The standard porosimetry method (SPM) /1/
was used for the first time for investigation of the struc-
tural~sorption properties of electrodes from polyaniline
(PAN) in the working state in aqueous medium. We studied
the structure of PAN films electrodeposited on carbographi-
te cloth and platinum gauze &as well as that of chemically
synthesized PAN powders., Tlectrosynthesis is possible only
on cloths with graphite surfaces. It was found that elec-
trodeposited films and chemically synthesized powder par-
ticles have an internal porous structure with the specific
surface S = 50~100 m2/g and the porosity of 15 - 30 %.The
nost characteristic pore radius range (r) is from 10 to
400 X. Therefore, a PAN film is to be treated as a porous

‘electrode, which has not practically been done previously.
Apart from pores, water in PAN ig present in a still higher
energy state - in the hydration shells of counterions.It is
shown that in water PAN undergoes swelling, increasing its
surface several times. The pores of chemically synthesized
PAN powder show a maximum on the differential porogram in
the range of r = 10-400 X with a peak at 60 X. For a chemi~
cally synthesized PAN powder the pore radius range is main-
1y 100-6000 & with a peak at 350 £, i,e. the peak is shift
ed into the range of larger pores.

A macrokinetic model of the operation of a porous PAN
electrode (PANE) has been developed, This electrode con-
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sists in contacting cylindrical PAN fibers with the mean
radius R, the pores between them being filled with electro-
lyte. During discharge and charge of PANE a nonsteady-state
diffusion of counterions occurs along the radial axis in a
PAN cylinder. »

193¢ _ d°¢c a2¢ .

el AL L 3 )

with the initial and boundery conditions

- 2
c(€=0,9) = cy; (é}g%—o = 03

nF!{g??:R N i[io(cH)edc’E -(1-%)E] =i, (2)

where the gigns "+" and "-" are for the PANE discharge and
charge,respectively, T is the time, ¢, éo, cy are the coun-
terion concentrations at ® 9 g = R and 7 = O,regpective~
ly, i, is the exchange current density, E = E/RT, E is the
polarization, D is the diffusion coefficient of counterions
in PAN, io is the current density of the electrochemical re~

action, equal to

io=i—i3, (3)

where 13 = Ce(aE/bT) is the charge current dengity of the
PAN/solution interface, Ce is the specific electric capaci-
ty of this surface, i is the total local current density.
The potential distribution across PANE (coordinate x) is
given by the equation ’ '

a?p/ax? = (5, +5 ) s1(H) (4)
with the boundary conditions
(aB/ax),_g = §.T ; (@B/ax), 1 = 3,1 o (5

where I is the integral current density per unit visible sur
face of PANE, g and§s are the effective resistances with
respect to the liquid phase (electrolyte) and solid phase
(with respect to PAN and electroconducting additives if they
are used), L is PANE thickness, S is the specific surface
measured just as R, by SFM. The macrokinetic model under
consideration can, in principle, also be used for electrodes
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from other conducting polymers.

The set of differential equations (1) and (5), similar
to that considered in /2/, 'was numerically solved with a
computer using a different method. By means of Fourier trans-
forms it was transformed into a set of integral equations.
This method of solution has an advantage,since the equations
show better convergence and differentiability.

d
03 "zgr
3
Fig.1. a2 2
Differential porogrem: 1 - 1

PAN/carbographite cloth; 2 ~
PAN/platinum gauze; 3 - PAN/ o -
powder.

1 1

2 4 Bgu/h)

By comparing the calculated and experimental discharge
end charge curves, it is possible with the use of the above
model to estimate such fundamental characteristics of PANE
es Cg, D, i,. Thus, we obtained for PAN: D = 10~19 cn?/s,
i, = 3-10"" a/en?, ¢ = 1073 F/cm®. It is demonstrated that
the model describes satisfactorily the experimental data. We
have also examined the influence of various factors on the
discharge and charge curves which are S-shaped.We have found
the influence of Ce on the discharge curve to be particular-
ly strong in its initial and final parts. At large Ce the
discharge curve improves, i.e. it becomes flatter with in-
creasing D and S. With increasing i, and decreasing 9 e and
ys, E decreases.
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THEORY OF EQUILIBRIUM AND KINETIC PHENOMENA
IN ELECTRON~CONDUCTING POLYMER FILMS

M.A . Vaorotyntsev

A.N.Frumkin Institute of Electrochemistry, USSR Acad.Sci.,
Moscow

Synthesis and practical applications of electrodes covered
by electron~conductine polymer films.
Discussion of the modern state of the theory.

Structural changes at doping/dedoping process:

a dielectric/electron-conducting phase transition
(variation of the electronic state of polymer molecules,
electron transfer across the metal/film boundary, fonic and
solvent transport inside the film, reversibility at
doping), conductivity of the doped film (high concentration
of electronic mobile charge carrier, polarons  and
bipolarons, 1on-polaron coupies, electrochemical reactions
of solute species).

Potentfal and charged species distributions instide the fiim:
dissociation of {onogenic groups and specific binding of
ions by polymer groups, models of a homogeneous medium eand
a fixed charge, film-solution {onic eauilibrium, field
screening in the f1lm, tyeical regimes of potential
distribution, effects of electron transfer from the metal,
dependence of the interfacial potential and concentrations
of the film charge species on the electrode potential,
effect of an ueper 1imit for the polaron and i{onic
concentrations inside the film.

Interpretation of alternating current and polarisation data:
typical voltammograms of the film doping/dedoring pProcess
and an electrochemical reaction of solute redox species at
the film surface. auasi-thermodynamic theory of these
phenomena, hyvsteresis and interfactal charge transfer.
interphasial capacitance contribution and anodic elato of
voltammograms. impedance of the metal/film/solution system
with account of slow electron-ion transport inside the fiim
and charge transfer acrass bnth interfaces.
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INDIVIDUAL AND COMBINED ADSORPTION OF
CORROSION INHIBITORS ON FERRUM

Yu.M.Vyzhimov
Kazan Institute of Chemical Technology, Kazan

The corrosion inhibitors of combined type are being wi-
dely used in industry due to their versatility snd effecti~
veness, While investigating such Systems there srise questi-
ons concerning the comparative anslysis of the protective ao-
tion of separate mixture compoyents on corrosion mechanism
and regularities of its change. ‘

In the present work the coadsorption of corrosion inhi-
bitors (CI) of alkyl-pyridinebromide (APB) and isononylphenol
(0P~10) from agueous solution on ferrous electrode has been
investigated. This combination has obvious feature of indi-
vidual adsorption and depending on conditions one might ex~
peot intenmsification of adsorption of both CI a8 well s
preferential adsorption of one of the mixture components.

To solve the problem, the authors used the procedure of
measurement of the ferrous eslectrode inoremental tapacitance
in a wide range of potentials and radio-isotope method at
corrosion potential. Radioisotopic method was used to deter-
nine the partial electrode surfepe coversge by the component
under investigation.

The experimental isotherms of individual gnd combined
adsorption on ferrous electrode from aqueous solution with
hydrogen sulphide addings (100 mg/l) are given in the figure,
As is seen from the figure, by adding hydrogen sulphide inbo
the system the adsorption of APB increases several times .8y~
nergetic effect of st can be explained by the fact that
anions HS™ adsorbed on ferrum act as bridges, facilitating
the adsorption of corrosion inh:fbitora of cation type Rf,APB
being one of them.As & result of interaction of the interme-
diate complex Fe(HS™) with organic catiom, a relatively stable
surface compound Fe(H-S-R) appears on the metal surface.

The adding of the OP-10 type CI influences greatly the
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075 Plg.1.

Isotherms of adsorption of
alkylpyridine bromide from wa-
ter solution with addings:
1 - individual adsorption; 2 -
APB + Hy8 (100 mg.1"');3- APB+
+ OP-10 + HyS.

ox

0%

05 0B c~1b1-sr'

adsorption of APB on the surface of metal samples, In small
concentrations when the total partial degrée of £illing is
less than one, the adding of OP-10 intensifies the sorption
of APB. At high concentrabtions the competitive effects are
displayed, and the isotherm of combined adsorpbion  practi-
cally coincides with the Individual isotherm of APB. On the
basis of the facts described above, one can see & higher
competitive ability of APB for adsorption on ferrum and it
is possible to suppose that the combined layer of two coad~
sorbates consists only of the APB molsoules. In experiments
concerning the investigation of adsorption of OP~-10 type CI
marked by carbon C-14 and in conditions of combined additi-
on, the effect of intensifying sorption of OP-10 in the pre-
sence. of APB is noticed as well. These results testify to
the increasing sorption of both componente and the adsor=
bing layer consists &f molecules of both components.

The results obtained by redioisotopic method were com-
pared with the data obtained by the method of inoremental
capacitance, Such a comparison makes it possible to identify
e much more complex character of the interaction of APB ehd
O0P-10 at high volumetric concentrations of adsorbate dis-
played in complementary effects of capacitance lowerix;s.The
depression of capacitance in combined adsorption reachesbpt
normally low values. On the basis of experimental data, the

model structure of adsorption layer as two parallel 1layers
consisting of adsorbate molecules of various types can be
supposed. A
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THE CONNECTION BETWEEN THE Cog--ION ADSORPTION PROCESS ON
Pt,Rh,Ir AND THE KINETICS OF THE PEROXYDICARBONATE SYNTHESIS

A.A.Yakovleva, E.A.Nashivin

Karpov Institute of Physical Chemistry, Moscow

Kinetic regularities of the peroxydicarbonate— anion
(PDCA) synthesis are studied insufficiently /1,2/.The corre-
lation of the selectivity of the 020%' production with the
adsorption properties of the anodic films on platinum metals
has not been considered before. This reaction is of great
interest both as a source of an ecologically pure oxidizer
and for the investigation of the influence of the anion com-
position end pH on the electrocatalytic properties of anode
materials.

The complex of experimental methods inclﬁding the met-
hods of radioactive trace, impedance and pulse potentiodyna-
mics were applied for studying of such kind of connections.

Polarization curves, current efficiency (CE) - potential
and carbonate-anion (CA) coversge — E dependences on Pt (1,
1',1"), Rh (2,2',2") and Ir (3,3%,3") are shown in Fig.1.

Fig.1.

The Er-~ 1gi curves, CEPDC A'E
and OCA-Er dependences on Pt
(1,1',1"), Rh (2,2',2") and Ir

(3,3",3") in 1 M K,C0, at 15%,

4 2 -Rg(i/Acn®)

Exceeding the value of 2.1 V (r.h.e.), the synthesis of
PDCA takes place at a considerable rate on all ancdes.Strong
inhibition of the anode processes was observed at potentials
over 2,5 V (ohmic losses were determined by current interac-
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tion method). After charp rise: of the polarization curves
at current densities >0.1 A/om? the ocurrent efficiencies of
PDCA formation achieve maximum values of - 75, 69, 50 % for
Pt, Rh, Ir correspondingly. in more concentrated solutions
(3m K2003), the selectivities of Pt, Rh, Ir are almost equal
(CE - 95, 89, 85 %). In the range of the potentiasls of the
effective PDCA synthesis the adsorption of CA species reaches
the limited values for Pt and Rh, but decreases when Ir is
uged. That is caused by a stronger inhibition of the anode
process, It ig interesting that the increase in the CA ad-
sorption in the range of the potentials of 1.7-2.1 V corres-
ponds to the region of the transition from the oxygen evolu-
tion reaction to PDCA synthesis. Opposite to acidic solutions
/3/, for the CA adsorption in alkaline carbonate system (pH=
=12,9) the polyextremum pheromena at potentials higher than
2.0 Y are not' found. That is connected with the low polari-
zability of the oxide layers on these metals.The strength of
the bond between the CA species and the anode surface at high
anodic potentials was estimated by means of the pulse elec-
trochemical exchange method /4/.

It was shown that at high potentials there are two types
of CA species, About 80 % of CA are exchanged at the first
second of polarization, at the same time it takes about 30
min to exchange 10-20 % of the strongly-bonded particles.
The kinetics and the selectivity of PDCA synthesis are con-
nected with the behaviour of the weakly-bonded perticles.

Table 1

Exchange degree of the CA species during a short period of
the anodic polarization and current efficincies of PDCA
synthesis on Pt, Rh, Ir in 1 M K,COy at 15%

E = 2,4V E=2,97V
Anode
Exchange time, s | CE % | Exchange time, s | CE %
0.01 0,06 PDCA 0,01 0.06 PDCA
Pt 26 48 37 40 50 75
Rh 20 50 40 35 47 69
Ir 28 50 40 28 35 55




The data of CA exchange kinetics are shown in Table 1,
The equal selectivities of Pt, Rh, Ir at 2.4 V correspond to
the equal amount of exchange particles, but at 2.9 V the de-
crease in the ourrent efficiency of the PDCA synthesis in ge-
ries Pt>Rh>Ir is connected with reducing the exchange
degree of weakly-bonded CA.

Complex experimental data allow us to suggest that the
weakly-bonded CA species are included in the active centers
and form the surface structures favorable for the discharge
of the same kind of species in solution, It was shown  that
for Pt, Rh, Ir the polarization curves of PDCA formation coin-
cide, assuming that only the part of the electrode surface
occupied by CA with a rapid exchange rate 1is active in this
process. This result confirms our supposition about formation
of the active centers ae a result of the CA adsorption on the
oxidized electrode surface. It has been shown by impedance
and potentiodynamics that one of the main causes of the dif-
ferent adsorptivity of the CA species could be the differen-
ces in semiconductive properties and electron structure of
the oxide layers of these metals.
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THE STUDY OF THE INTERFACE STRUCTURE AND OF THE FLOTATION
REAGENTS' ADSORPTION ON THE MINERAL/SOLUTION INTERFACE

G.M.Yaghina, 3.S.Bobov, V.M.Rudoy
Institute "Unipromed", Sverdlovsk

It 18 a known fact that the interaction of semiconduct-
ive sulphide minerals and oxygen as well as other reagemis in
flotation and hydrometallurgy is greatly affected by electro-
chemical reactions. ’

However, due to the lack of a more exact information es
to the processes taking place on the mineral/solution inter-
face, their influence can hardly be evaluated properly.

The method widely used for studying the adsorption of
organic compounds on different metals, is lnown =as an impe-
dance method. But this method does not give reliable results
on the adsorption of surface active species on minerals be-
cause not all characteristics of the mineral/solution inter-
face are taken into account.

However, the use of the impedance method to define the
flotation reagents' adsorption on mineral surface, provided
all the characteristics and the structure of the interface
are taken into consideration, can give the data, necessary
for modelling the optimal theoretical scheme for the select-
ive separation of pyrite and chalcopyrite.

In the present work, using the altermating current met-
hod, by means of the bridge P-5021 there was established a
frequency dependence of mineral components on mineral/elec-
trolyte (Na2804) interface in air and purified inert gas (an
gon). The results show that the capacity of minerals in air
is much less than in the inert gas.

The decrease in the differential capacity of pyrite in
air is governed by the adsorption pseudocapacity, which is
the result of the adsorption of oxygen on the mineral surfa-
ce and of the low rate of its oxydation.

Upon addition of potassium xenthate the capacity and
thickness of the electrical double layer are changed.
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This change is caused by layer~by-leyer adsorption on
mineral surface: first of xanthate anion and then of the
products of the reaction. These products are copper/iron
xanthate, if the reaction takes place in the inert atmos-
phere, and dixanthogenide, if the reaction tekes place in
air,

Relgtion between these 2 forms of sorption of col-
lectors on mineral surface affects the activity of flota-
tion of sulphide minerals. '

The structure of mineral/solution interface in flota-
tion was studied in 2 equivalent schemes: one consisted of
6 elements, the other ~ of 7. These achemes are usually
identified with the use of graphoanalytic methods based on
the analysis of frequency dependence of impedance compo-
nents.

However, these methods do not able us to quantify the
elements in these schemes, that is why the methods of com-
putation mathematics are recommanded (for receiving the va-
lues of electrochemical impedance).

The present study involves the multiple simplex algo-
rithm, according to which the deviation is minimized.

Simplex method provides a detailed description of the
mineral/solution interface structure, guantifies the values
of electrochemical and semi-conductive characteristics of
the interface.

Thus, the impedance method is quite effective for con-
trolling the flotation reagents' adsorption an the mineral
surfece.

The received data on the structure of the interface may
be used for prognosticating the optimum concentration of
reagents in selective peparation of contacting minerals in -
ores,
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INFLUENCE OF COPPER ON ELECTROCATALYTIC PROPERTIES
OF HIGH-DISPERSED P4/C ELECTRODES

N.,A.Zakarina, M.Yu.Yusupova

Institute of Organic Catalysis and Electrochemistry,
Kazakh SSR Aced. Sci,, Alma-Ats

It is known that adsorption and electrocatalytic pro-
perties of high~-dispersed metals differ from those of meg-
sive metals. Therefore, control of the active metal disper-
ity is one of the routes to production of electrode mate-
rials with specified properties. From this standpoint, syn-
thesis of bimetallic collolidsl particles of a definite disg=
persity with their subsequent attachment to a support seems
rether promising. The present work aims at studying hydro-
gen adsorption and dissolution by Pd-Cu electrodes based on
bimetallic Pd-Cu sols with controlled dispersity.

Hydrogen adsorption and dissolution in Pd-Cu elect=~
rodes supported on "Sibunit" grade coal (S =549 mzvg-1;pore
radius = 40 &, pore volume = 0.35 cm2-3'1) were studied by
the method of charging curves and by potentiometric method.
The potential sweep rate was varied from 0,04 to 1.oomms'ﬂ
Measurements were carried out in 1 N H2804 gsolution. Mono~
dispersed palladium sols were prepared by liquid-phase re-
duction of Pd012 by citrate solution at 373 K. Control of
the particle dispersity in sols was effected by means of
electron microscopy 3BM-1005 with magnifying power 140000,
The electron microscopy study of Pd-Cu sols shows them to be
metallic particles of spherical shape with closely spaced
sizes. On introduction of copper into palledium sols dif-
fering in particle sizes, there occurs a slight increase in
particles. However, sole preserve uniformity of particle
distribution. Bimetallic Pd-Cu sols with a different par-
ticle size have been synthesized., The content of the given-
gsize particles in them is 64-85%.

It is shown that introduction of copper into sols al-
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ters congiderably the adsorption and dissolution of hydro-
gen. On increasing the copper content, on the charging cur-
vea one observes a more and more increasing potentiel drop
upon current switch-on, and reduction in the length of the
first portion of oo:—‘!p junction "platform". This is indi-
cative of the deceleration of the process of hydrogen ioni-
zation on Pd-Cu/C electrodes and of a decrease in its amount.
Potentiodynamic curves of Pd-Cu/C electrodes are characte-
rized by a small "platform" of dissolved hydrogen lonization
and a maximum of the adsorbed hydrogen ionization, an in-
crease in the copper content causing a sharp decrease in
hydrogen sorbed by electrodes. A decrease in the dissolved
hydrogen content is sharper than that of the adsorbed hydro-
gen. At 16.7 at.% copper-content Pd-Cu/C electrodes contain
no dissolved hydrogen, whereas full cessation of hydrogen
adsorption occurs only at 37,5% copper content.

. It is shown that control of the size of metal particles
and concentration of the introduced copper make it poasible
to synthesize bimetallic particles homogeneous in phase come
position, possessing specified adsorption and electrocata-
lytic properties.

Optimal compositions and metal particle sizes in Pd-Cu
system have been determined for the reaction of acetylens
compound hydrogenation.

INFLUENCE OF SOLVENT ON THE ADSORBABILITY OF
1=(2-PROPIONITRILE )~PYRROLIDINE AND 1-(3-AMINOPROPYL)-
~-PYRROLIDINE ON PLATINUM AND NICKEL ELECTRODES
T.A.Zerina, A.,A.Michri

A.N.Frumkin Institute of Electrochemistry, USSR Acad. Sci.,
Moscow

Solvent adsorption is known to have a significant ef-
fect on the adsorbability of a number of orgesnic compounds
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and on the kinetics of electrocatalytic processes involving
them. In particular, it was shown in /1/ that fairly strong
adsorption of water molecules on the surface of an electro-
de - catalyst suppresses practically completely the adsorp-
tion process of a number of orgenic compounds (ethylene,
simplest aliphatic alcohol) on a nickel electrode. In /2,
3/ studies were made on the adsorption on Pt and Ni elec~
trodes (in alkaline electrolyte) of much more complex orgé~
nic compounds -~ PNP and its-hydrogemation product AFP, and
this permits comparison of the results,

It is known that adsorption of water and orgenic come
pounds 1is of a competative nature and, therefore, at a lar-
ge enough bond energy between an organic particle and metal,
the water molecules adsorbed on 1t would be expected to be
displaced and thus conditions would be provided for organic
substance adsorption.

It was established that PNP is adsorbed both on Pt and
on Ni, whereas APP is adsorbed only on Pt, The differences
in the adsorbability of PNP and APP on Ni are bound up with
those in the adsorption mechenism of these cbmpounds.To elu-
cidate the question of the nature of the bond of an irre~
versibly chemisorbed organic substance on a Ni electrode,
the adsorbebilities of PNP, APP and pyrrolidine were
comparabtively studied. It was - found that en irreversibw
1y chemisorbed substance is formed only with PNP. It should
be noted that, generally speaking, PNP adsorption can accur
due either to the interaction with metal surface of an un~
shared electron pair on the nitrogen atom (both 1in hetero-

cycle and in nitrile gropp), hydrogenation of the -CHé-ohain
or by breaking of multiple bonds in nitrile group. Ocour-
rence of PNP adsorption (whose molecule has anitrogen atom,
-CHZ-chain and multiple bond in nitrile group) in the absen-
ce of APP adsorption (which has an unshared electron pair
and -CHe-chain) and pyrrolidine (which has only an unshared
electron pair) indicates that displacement of water molecu-
leg from Ni surface becomes possible only when a sufficient-
1y strong bond is formed due to hybridization of the §-bond
of nitrile group and is energetically disadvantageous for
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adsorption processes following the mechanism of hydrogena=-
tion and bond formation by means of an unshared electron
pair.

The fast potentiodynamic pulses method was used to in-
vestigate the dependence of the surface coverage with irre-
versibly chemisorbed organic substance on potential during
adgsorption of PNP and APP on Pt electrode. It follows from
the obtained data that in the hydrogen adsorption rarnge OAPP
is twice as large as Opyp. When the potential shifts in the
anodic direction, OAPP remains practically constent, where-
as OPNP increases and at the potential of ~0.9 V proves to
be equal to OAPP' In the whole potential range studied,OAPP
does not depend on potential. These results can be inter-
preted on the assumption that in the hydrogen adgorption
range PNP adsorption proceeds by breaking the multiple bond
in nitrile group. When the potential shifts in the anodic
direction, the dehydrogenation processes of -Cﬁz-cha.in be~
come more and more pronounced and fairly high anodic poten-
tials, when the degree of hydrogenation reaches its maximum,
the structure of adsorbed particles formed during PNP and
APP adsorption (adsorbed by the dehydrogenation mechanism)
becomes identical.

It is evident from the obtained data that on metals
with fairly strongly adsorbed water molecules (e.g.Ni) only
those adsorption mechanisms of organic compunds can be rea-
lized, whose energetics ensure displacement of water mole-
cules from the surface,
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