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Ionics, key word starting from 1950s:

• ionic speciation in aqueous solutions, but not only (Ukshe’s PhD period)

• metals dissolution in molten salts (Berezniki period)

• ‘double layer’ in molten salts (Berezniki + early Chernogolovka periods)

• Impedance: not a topic, but a tool
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Ural Polytech: 

• Dept of Technical Electrochemistry, started in 1923

• Dept of Theoretical Electrochemistry, started in 1938

Merged in 1944: Dept of Electrochemical Engineering (“кафедра ТЭП»)

Lab of molten salt electrolysis
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Aron Iosipovich Levin
(1907-1999)

Ural electrochemistry, very important persons

Oleg Alekseyevich Esin
(1904-1979)

Ivan Grigorievich Shcherbakov (1891-1953)

Sergey Vasilievich Karpachev
(1906-1987)

Aqueous electrodeposition →melt electrochemistry
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The effects of various factors on copper

electrodeposition from complex

solutions, PhD thesis. Sverdlovsk, 1953

Study of complex electrolytes, the ligand role.

Optimization of bath for Cu deposition.

Kinetics of accompanying electrode processes.

Specific features of electrocrystallization.

Search for technology based on cyanide-free electrolytes

Ligands: pyrophosphate, oxalate
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Discussion on pyrophosphate complexes in Russ. J. General Chemistry (Zhurnal Obshei Khimii)

24 (1954) 781-784

Criticized by K. B. Yatsimirskyi, 25 (1955) 1181-1182
and I.L. Agafonov, 25 (1955) 1179-1180

In the answer, 26 (1956) 2963-2965,
- approximations are  thoroughly listed,
- minor quantitative mistakes are admitted,
- misleading statements and strains in 

Agafonov’s comments are identified

Conductivity

Speciation
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Ukshe, Levin, Doklady AN SSSR 105 (1955) 119-122

Ukshe, Levin, Zhurnal Fizicheskoi Khimii 29 (1955) 219-224

Novakovskyi, Ukshe, Levin Zhurnal Fizicheskoi Khimii 29 (1955) 1847-1853

Zero charge potentials

copper

chromium

0.1 M NaOH
0.1 M NaOH

0.05 M Na4P2O7

Bubbles: air or hydrogen

Drops: toluene
Discussion of Kanevskyi potential and pzc
vs work function dependence
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Berezniki (Perm region), magnesium production 
started during WWII
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Berezniki rapidly developed in 1950s, magnesium plant 
was totally reconstructed, division of Al-Mg Institute 
was started in 1956
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Early joint Ukshe-
Bukun topic: 

Russian Chemical Reviews 30 (1961) 90-107

Starting Refs (!!!) :
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Ukshe, Bukun, Leikis, Doklady Physical Chemistry 135 (1960) 1173-1175 (Doklady

Akademii Nauk SSSR 135 (1960) 1183-1186)

.................
Ukshe, Bukun, Leikis, Frumkin, Electrochim. Acta 9 (1964) 431-439

Capacitance in molten salts, jointly with Frumkin Inst

Dina Iosifovna Leikis (1921-?)
1944 graduate of Ural Univ

Molibdenum contacts

graphite graphite
graphite

M
M M

Liquid metal M had to be 
renewable and to keep 
constant and measurable 
surface area.

Quartz; capillary of ca. 0.5 
mm diam.

C at 15-20 kHz, after the fight 
with frequency dispersion

Compared with directly 
measured electrocapillary 
curves
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NaCl

NaBr

NaI

450 C

600 C

700 C

800 C

Pb,
LiCl-KCl

Pb,
800-820 C

J. Electroanal. Chem. 25 (1970) 349-356; 357-372

Key aspects:

- Difference of the ‘double layers’ in melts and solutions

- Correlation of pzc in melts and work functions

Key problem: Faradaic contribution, which disturbs 
the ideal polarizability (Graves                               ;
Bek and Lifshits, 1967-1968)
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Ukshe, Bukun, J. Electroanal. Chem. 32 (1971) 283-291

Inevitability of the impedance 

Pb,
LiCl-KCl,
700 C

40 kHz

From equivalent circuit

Ag

KCl, 825 C

NaCl-KCl,
825 C

NaCl, 815 C

With Ag+

Equivalent circuit accounting for metal 
dissolution and for intercalation:

Key aspects nowadays:

- Difference of the ‘double layers’ in 
molten salts and room temperature 
ionic liquids

- Compact layer (if any) in molten 
salts

- Development of molecular-level 
models
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Ukshe, Bukun, J. Electroanal. Chem. 32 (1971) 283-291 13



Ukshe’s letter to Frumkin,
January 1964

Steps at capacitance vs potential 
curves appear in certain binary 
systems, where two cations are 
expected to be surface-active.

It seems that we still do not 
know the answer.

Actually, the steps became less 
mysterious when impedance 
was started instead of 
capacitance at constant 
frequency.
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THE LESSONS

Applied electrochemistry is not something very different from fundamental 
electrochemistry. Contrary, applied = fundamental + practical result.

Not the object of research (solution, melt, crystal, etc.), and not the technique (impedance, 
etc.) specify the purpose of the study, but  the phenomenon.

However, all tiny details of both object and technique must be understood, despite of their 
not a superior role. Nothing can be of secondary importance in research.

Do not look for “descriptors”, look for physically grounded models.
_______________

Belonging to scientific school or to the team of like-minded colleagues does not oppose 
individual achievements. Contrary, it highlights scientific personalities.
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«Строение расплавленных солей»,

Перевод Н.Г. Букун, Ю.М. Рябухина и 
Ю.А. Чизмаджева, 

под редакцией Е.А. Укше

М., Мир, 1966

Structure of molten salts,
Translated by Bukun, Ryabukhin, and 
Chizmadzhev, Edited by Ukshe, 1966

Cannot be translated properly….

“tolmach” is outdated Russian word, 
its approximate meaning is “oral translator 
and interpreter”

To Dear Aleksandr Naumovich <Frumkin> from 
“tolmachs”
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