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My Variety of Electrochemistry

Experimental verification of the charge transfer theories
Electrocatalysis
Surface thermodynamics of the perfectly polarizable electrode

Electrochemical material science
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Peroxodisulfate reduction at the
dropping mercury electrode and
the effect of the electric field of
the electrode surface on the
proceeding of electrochemical
reaction
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[FE(CN)]3 S,05% [PtCl,)*
Various supporting electrolyte
concentrations, mM
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A.N.Frumkin and A.D.Obrucheva
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Grahame’s visit to Moscow, 1956
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Elecrrochimica Acta. 1963, YVol. B. pp. 177 o 192,

ON THE DETERMINATION OF THE VALUE OF THE
CHARGE OF THE REACTING PARTICLE AND OF

THE CONSTANT « FROM THE DEPENDENCE OF
THE RATE OF ELECTRO-REDUCTION ON THE

POTENTIAL AND CONCENTRATION OF
THE SOLUTION* |

A. N. FrRuMEmn, O. A. Petry and N. V. NIKOLAEVA-FEDOROVICH

(E In f) M; «— Reactant charge
dlnc g—(RTingF) In e, Cr Ma «— Supporting ion charge

Corresponds to constant
electrode charge, if it is high enough

First published in: A.N.Frumkin, O.A.Petrii, Doklady AN SSSR, 1962, v.147, p.418.

Next step: O.A.Petrii, B.B.Damaskin, Elektrokhimiya, 1974, v.10, p.756.

Later (for ion pairing complications):
G.A.Tsirlina, O.A.Petrii, Russ. J.Electrochem., 2003, v.39, p. 323-327 10
and Refs therein



Corrected Tafel Plots: logl - v’ vs. E —y
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Frc, 3. Corrected Tafel plots of 5,0, electro-reduction in solutions:

(m) 10 * N Na,5,0y: In the presence of LiCl + NaCl ([Lit]:[Nat] = 10:1) in
concentrations 10-* N (1) 15 = 10-2 M 2% 2 = 10°' N {3 3 = 10N (4);
4 MFTN(S); 5 < 10N G8); 7 o 10-T N (T

(b} 10-* M Mag5:0; in the of MaF in concentrations 3 = 10— M (1);
5w 10PN (2); T = 10-°W (3); 10-*H (d); 1-5 = 107N (3); 2 = 10-Y W (6);
3= 10T

() 10N K50, m the pressnce of KOl in comcentrations 2 x 1072 N (1);
IR MFEN 2 4 = 10N (3); 5 10PN (4); 6 = 10N (5); 7 = 10N (6);
B 10" N{T); 10" (8L

(d) 107 M Ua,8,00, in the of Csl] in concentrations 0(1); 5 = 10— M{2);

103N (3 15 o J00 )y 2 = 0070 {5 25 < I0°2N (6); 3 = MW" (T

4« 1T (E); 5 = 10" (%), ]
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Fi, 4, Corrected Tafel plots of Fe{CN),* reduction insolutions: (1) 10-* W LiyFe{CN),
in the of LiC] in comcentrations 10F'M (= = = =) 3% 10N
(000 Ok (2) 100N K Fe(CH), in the presence of KCl in concentrations 0

(00 OO S = 0N %), 10 ND P 3)L1-5 = 10 N{e & &8
(3 10N Cs,Fe(CH), in the presence of CeCl in concentrations 0 (0 O O ),

I I0AYN(x ¥ % LS x 0N D 2 D).

Original idea:

KaMeEO Asapa,’® Pavrn DeELagay anp A, K. SUNDARAM

JACS, 1961, v.83, 3396-4000
Cations effect is still a challenge
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O MEXAHU3ME 3JIEKTPOXUMMYECKOI0 BOCCTAHOBJEHUA
FAJIONJTHBIX RKOMIIJIEKCOB HIJIATUHBI HA PTYTHOM
KAIIEJIbHOM SJIEKTPOJIE

H. B. Huxoaaeéa-®Pedoposun u 0. A. Ilem puti

On the mechanism of electrochemical reduction of platinum halogenide complexes
at the dropping mercury electrode, Zh. Fiz. Khimii, 1961, v.35, 1270-1277.

1107 o )
o5 (PtCle]2 4+ 2e — [PtCL,)% + 2CI,
[PtCl1, 12" +2¢ — Pt 4 4C1™.
:' 0 .,-. b f
3%
45t \ 4 ar
{m o | | wl_
] W o O '- ;
ot .

a6 46 10 17 1+ 16 16 Z0ge -0%



Hexacyanoferrate reduction — activationless process

J 107
lg i (arbitrary units)
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10 ® Experimental data for

K;Fe(CN)g on Hg
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J. Heyrowsky and A.N. Frumkin in Prague, 1964
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Horkaangm Arxagemmm nmayrk CCCP
o 1961. Tom 136, Nt 5 |
Axanemuk A. H. ®PYMKHH, O. A. TETPHH u H. B. HUKOJIAEBA-®EJOPOBUY

KPUBBIE TOK—BPEMI I1PH BOCCTAHOB.JIEHHI/I AHHUOHOB
HA KAIEJIbBHOM 3JIEKTPOJE |

Current-time curves of anions reduction on the
dropping electrode

Peroxodisulphate reduction affected
by tetrabutyl ammonium cation
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Various types of
oscillations observed
for cation-affected
reduction of anions
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Hokmanm Axagemnn sHayr CCCP
1965. Tom 160, Nt 4

O.A.Petrii,

OH3UYECKAA XUHMHA

o Doklady AN SSSR,
" AATHHES B PYTERIE B DA DO e 0P 160(1965)871-874

METAHOJIA -
(I pedcmasaeno arademurnom A. H. @pymrunsiss 6 VIII 1964)

On the activity of electrolytic mixed platinum-ruthenium
deposits in methanol electrooxidation reaction

Recommended by Academician A.N.Frumkin, August 6, 1964

Further studies: pARE G

1964-1970, with participation of V.Entina

O.A.Petrii, V.E.Kazarinov, Elektrokhimiya 1(1965)1389
106Ru radiotracer technique: K,Ru(NO)CI;, galvanostatic
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el ~ Entina, Petrii, Zhitnev,
Raney Pt-RU,  Ejektrokhimiya 3(1967)344
5;10; 20 wt.%
o4} ,
i .
| Electrodeposited Pt-Ru
2 _ (10 wt.% Ru)
-1 -3 ggL,a/CMZ

| Steady-state data for sol-gel Pt-Ru catalyst, from
@® JvKim, Z.G.Yang, C.-C.Chang, Y.l.Valdez, S.R.Narayanan,
P.N.Kumta, J.Electrochem. Soc. 150(2003)A1421

J Sohd Stae Electrochem (200%) 12608642

Pt—Ru electrocatalysts for fuel cells: a representative review

(Meg A. Petrii



Electrocatalytic reduction of inorganic anions on Pt metals

Electroreduction of nitrate and nitrite anions on platinum
metals: a model process for elucidating the nature
of the passivation by hydrogen adsorption *

J. Electroanal. Chem., 331 (1992) 897-912 100l
Oleg A. Petrii and Tatiana Ya. Safonova Peroxodisulfate |
on Pt(111)
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Journal of Electroanalytical Chemistry 612 (2008) 269-276 T
Peroxodisulphate reduction as a novel probe tor the study of
platinum single crystal/solution interphases

Victor Climent “, M. Dolores Macia ®, Enrique Herrero ®, Juan M. Feliu **, Oleg A. Petrii



Picasso portrait:
manual to study the electrode kinetics

1965




Surface thermodynamics of the perfectly polarizable electrode
OX + née (_) Red

Nernst Equation 0 E — d:qu - d,URed

Gigbs Eaiaion | \lig7= _Foxd/qu - 1_‘Redd/uRed \ Zrld/ul

When p, = const, When ., = const,
dO_:FReddE_Zridﬂi dGZ_FoxdE_ZFidﬂi

Two Lippman Equations:

(%), T (%), = To

Total charges:

1_’Red :_E_I_ARed’ 1ﬂox:g_l_AOx ®



Hydrogen electrode (platinized platinum)

do=-T'ydu, —T'a0 s —Tea i,

",
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aluH+ L'y tica

Total capacity
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Experimental techniques to verify surface thermodynamics concept

t — the quantities related to the total electrode charge

f — related to free electrode charge

Equilibrium CV Chronopotentiometry Adsorption Radiotracer
(equilibrium charging curves) curves measurements
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) Isoelectric shifts
CO displacement——> @ Epzfe Potentiometric of potential
titration under
T T isoelectric

conditions

e Still possible to apply only to the electrodes
of high true surface area
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Coadsorption dg = _Fldlul =S de ,le

B.B.Damaskin, O.A.Petrii, V.E.Kazarinov,
Elektrokhimiya, 1972, v.8, p.1373.
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Free electrode charge: pH dependence

Hydrogen reglon 0
/ o)

Oxygen region, Ao

S s (a’*’/ ;

F\AZ0 o AL/ =0
(a%pH)go:O

Doklady AN SSSR,
1975, v.222, 1159;
1976, v.226, 117
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Chloride
solutions
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Partial charge transfer
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1974:. Edward Kennedy visit to USSR
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The intersect of 3D electrocapillary curve
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Charging curves of the 2" kind
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Electrochemical material science

High temperature oxide superconductors

JOURNAL OF APPLIED ELECTROCHEMISTRY 23 (1993) 583-588

Anomalous features of thallium oxide electrodeposited
layers and room temperature HTSC electrosynthesis”

O. A. PETRII, G. A. TSIRLINA, T. V. RAKOVA, S. YU. VASSILIEV

I:w / orbilrary wnits

Tungsten and chromium carbides:
i Electrochim. Acta, 1987, v.32, 37 and 649

ROLE OF CARBON DEFICIENCY AND ANODIC
ACTIVATION IN THE ELECTROCHEMISTRY OF CARBIDE

MATERIALS
G. A. Tsiruiva and O, A. PETRI .
wie*
-
Rechargeable oxides (a brief review):
wc -
a -2
SURFACE ELECTROCHEMISTRY OF OXIDES:
THERMODYNAMIC AND MODEL APPROACHES
I
O. A, PeTrI o 3 Q:K)E.FC
HYDROGEN EVOLUTION ON SMOOTH STOICHIOMETRIC 28
Electrochim. Acta, 1996, v.41, 2307 TUNGSTEN AND CHROMIUM CARBIDES
G, A, TsirLina and O, A, PETRU




Pt-ZrO2: spillover
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Electrochemical material science

CeNi3 — CeCo03 system:

Yu. M. Vol’'tkovich, O. A. Petrii, A. A. Zaitsev,
l.V. Kovrigina, Vestn. Mosk. Univ. Ser. 2,
1988, No29, 173

For review, see

O. A. Petrii, I. V. Kovrigina, S. Ya. Vasina,
Mater. Chem. Phys. 1989, v.22, 51
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O. A. Petrii, S. Ya. Vasina, Yu. D. Seropegin,

Russ. J. Electrochem. 1995, v.31, 1274

INTERNATIONAL UNION OF PURE
AND APPLIED CHEMISTRY

PHYSICAL CHEMISTRY DIVISION
COMMISSION ON ELECTROCHEMISTRY*

J. Electroanal. Chem., 327 (1992) 353-376
REAL SURFACE AREA MEASUREMENTS
IN ELECTROCHEMISTRY

Prepared for publication by
S. TRASATTI" and O. A. PETRII’




1974, Horiuti and Frumkin
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Alma-Ata, 1975
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Roger Parsons

Sergio Trasatti

Oleg Petrii

- Electrochemistry
on three foundations

«diffusion»
«electron transfer»
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Home-made movie, 1965




