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O60ocHOBaHNE 3MMUPUYECKUX COOTHOLLEHNN
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Definition of the transfer coefficient in
electrochemistry
(IUPAC Recommendations 2014)
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Brensted. J.N. and Petersen K. (1923) Z. Phys. Chem., 108, 185,
Eransted, M., Chem. Kev 5. 231-338 (1928)

k = (Ko K2 k° (1)

where K, and k° are the_equilibrium and rate constants for a
reference reaction, while K, and k are the equilibrium and rate
constants for a related reaction where a substituent has affected
the rate and equilibrium but not the mechanism. In terms of the
free energy of activation for the reaction, G*, and the standard
free energy difference between reactants and products, AG,
equation (1) can be written

AG* = BAAG + constant (2)

Where AG* = G* — G}, AAG = AG — AG,, and G and AG,
are the activation and standard free energies for the reference
reaction, respectively. Equation (2) assumes that dynamical

factors are the same in the series of reactions. (If the rate constant
is written k = xkrs7, krs7 Deing the transition state theory rate
constant, then equation (1) is equivalent to assuming that the
transmission coefficient x 1s the same for all reactions in the
series.)




Brénsted Relationship or Brénsted Relation IUPAC

This expression applies to either of the equations

I

k./p G,(K,g/p)*® (for acid catalysis)
or

G, (K,p/q)? (for base catalysis)

1l

ky/q

where a«, B, G, and G, are constant for a given reaction series, « and f are called Brg¢nsted
exponents, k, and k, are catalytic coefficients (or rate coefficients of reactions whose rates depend
on the concentrations of an acid or a base, respectively), K, is the acid dissociation constant of
the acid catalyst, p is the number of equivalent acidic protons in the acid, and g is the number
of equivalent basic sites in its conjugate base. The second equation isthe corresponding equation
for a base catalyst.

LINEAR GIBBS ENERGY RELATION

A linear correlation between the logarithm of a rate constant or
equilibrium constant for one series of reactions with the logarithm of the
rate constant or equilibrium constant for a related series of reactions.
Typical examples of such relations (frequently still known as "linear free
energy relations") are the Brénsted relation, and the Hammett po equation (see
o-value) .

The name arises because the logarithm of an equilibrium constant (at
constant temperature and pressure) is proportional to a standard Gibbs
energy change, and the logarithm of a rate constant. is a linear function of
a Gibbs energy of activation.



9.7

Teopust Mapkyca (1956)
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OrpaHuyeHUa NpMMeHUMOCTU ypaBHeHuM Tadena n batnepa-donbmepa
(akcTpanonauuu no TabynnposaHHbIM iy U QL)

[pu medneHHOU cmaduu nepeHoca 31eKMpPOHQ:

HU3KME nepeHanpaxXeHna: bd, He T;
- BbICOKME nepeHanpsaxeHus: o # const (cm. 9.7)

- 33aBUCMMOCTU TOKa OOMEHA OT KOHLLEHTPALUMKN peareHTa 418 peaKkumi ¢
yyactmem meTtanna unm agcopbata TpebyoT mogmnduKkaumu;

- MPW HEBbLICOKMUX KOHLUEHTPALMUAX INEKTPOINTA GOHA HYKHA KOPPEKLMS Ha
noteHuman B andpeysHom cnoe (Frumkin correction, cm. 9.6); ana cneunduryecku
aacopbupytolerocs anekTpoanta ¢oHa — ropasago bonee cnoxHas;

- ec/nu aHeprma aacopbumm 3aBMCUT OT NOTEeHUMaNA (3apAaaa) anekTpoaa, Hy*KHa
KOppeKuma Ha 3Ty 3aBUCUMOCTb;

- HYXHa YBEPEHHOCTb B TOM, YTO COXPAHAETCA MeJIEHHOW Ta e 3N1eMeHTapHas
cTaaus!

[pu cpasHUMBbIX cKOpOoCcmAax cmaduli M00800a U nepeHoca 3/1eKMpPoHa:

- HY)KHa KOpPPEeKLUMA Ha KOHLUEHTPaLUMOHHYIO noaspusauuio (cm. 9.4).
[Tpu cpasHeHUU CO CBOUM 3KCNEPUMEHMOM:

- KOppeKumMs noTteHumana Ha OMUYECKNIM CKAYoK!
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: BbigeneHue sogopoaa
2 “ 'S
Element Values used Lower limit Upper limit
£ \ \\79 —~log (io/A cm™?) —~log (ip/A cm™?)
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Bl Vi Al 3 6.5 93
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o Mn 1 7.8
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PaHHMe NOoNbITKN NPUMEHEHUNA TeOPUN: aHANOTUU C TEOpMEﬁ dKTUBUPOBAHHOIO KOMnNnJjieKkca

| (nepexoaHoe cocTosiHMe)

Standard _ _ _ _ _4._ . .
free ¥ T Y(,«..ﬁ)(w_\,,),: . nFign  nFigy (n = o)
nergy — _— —_ =
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AdF O-vF . KomnaekcoB obpasyetca B
- Reaction Coordirnale O,ﬂlHOl‘;l peaKulmm)
Trans. Faraday Soc. 47 (1951) 1332 PaccMaTpMBaNoCh KaK KpUTepuii
H* (H)y H H, TOW MW UHOW MeANeHHOWN CTagmnu,
HapsaAay ¢ TapeneBCKMM HaAK/IOHOM.

OpHako ,EI,EI\/JiCTBI/ITEJ'IbHO ANEMEHTAPHBLIMU ABNAIOTCA HE bonee TpEX CTa,CI,l/II\/’I
BO,D,OpO,EI,HOI\/’I pearkunun, n sce oOHU NpPoTeKaroT C y4aCTnem agatoma sogopoaa.
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Kak yuectb agcopbuuio nHtepmegmata? — no 6anaHcy

(1- 9) Peakyusa ®@onbmepa
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3TOT NoAX0o4 UMeeT CMbICN paan 06bACHEHUA U3MEHEHUN HaKoHa C NOTEHLMAN0OM;
4YTO Hambosee CyLLLeCTBEHHO A1 METaNN0B «C HU3KMM BOAOPOAHbIM NepeHanpsxKeHnemy.
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Koppenauuum; volcano plots
NpPu TWATENbHOM CENEKLUUM AaHHbIX, KaK NPaBMI0, UCKarXKatoTcAa UM COBCEM HaApyLUAtOTCA
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Cneuundunueckan agcopbumna noHos ¢poHa «CamopacTBopeHue» - HecTabuNbHOCTb TOKa
NPYU HU3KUX NepeHanpaXKeHUax
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A TaK)Ke U3MeHeHUe NPUpPoAabl 4OHOPA NPOTOHA B PAacTBOPax cNabbix KUCAOT U
KOHLLEHTPUPOBAHHbIX CUAbHbIX KUC/OT.

O630pbl PpymkunHa B Adv. Electrochem. Electrochem. Eng. 1 (1961) 65-121 u 3 (1963) 287-391;

N1.A. Kpuwtanuk, dnekTpoaHble peakunn. MexaHn3m afiemeHTapHoro akra, 1979.



UHrnbuposaHue BbigeneHua Boaopoaa (419 Koppo3umn, UICTOYHMKOB TOKaA, ra/ibBaHUKK)

Y BCAKOro MHIMbuTopa ecTtb rpaHunua obnactn agcopbumm

HaBO4OpPaXXUBaHMNE META/1/la

MHI'IA6I/1TOp BblAENEHNA BOAOPOAA HaCTO I/1HI'I/16I/1py6T U npouecc no metanny

NpuM SNEKTPOOCaAKAEHNN MHFMGMpOBaHl/Ie BblAe/NNEHNA BOAOPOLAA MOXKET ycyry6MTb

MHI'IA6I/1TOp MOXET CTaTb AONO/IHUTENbHBIM UCTOYHUKOM 3alrpA3HEHUA META/1/1a

Electrochem. Solid-State Lett. 7 (2004) C20

Table I. Charges for Zn deposition and hydrogen evolution or absorption.

Gelatin Polyethylene glycol (PEG) Thiourea (TU)
Additive
contents Zn H, Zn H, Zn H'
(ppm) Deposition Evolution Deposition Evolution Deposition Absorption
3 7.80 2.54 5.03 3.07 10.52 2.50
10 8.56 251 3.22 3.35 7.96 3.36
30 5.82 2.25 3.23 1.64 7.14 2.39

Table II. Percentage of charge for hydrogen evolution and molar ratio of H/Zn.

Gelatin Polyethylene glycol (PEG) Thiourea (TU)
Additive
contents Ratio of charge for H, Ratio of charge for H, Molar ratio of H/Zn
(ppm) evolution to total charge (%) evolution to total charge (%) (%)
3 24.56 37.90 0.48
10 22.67 50.99 0.84
30 27.88 33.68 0.67



BblgeneHue Kucnopoaa, « AMarHoCTUYECKME KpUtepum»

. avldlni v
Electrochim. Acta Anodic Cathodic
11 (1966) 791 lown high
(1) The “Oxide” path
S+ H,O0—-+SOH + H* 4+ ¢~ 2RT|F 2RTIF 4
2SOH — SO -+ SH,0 RTJ2F Cw 2
280 -» 0, + 28 RT/AF 0 1
(2) The “Electrochemical Oxide” path
S + HyO— SOH + H+ + ¢~ 2RT|F 2RT[3F 2
SOH + § + H,0 — SO + SH,O + H* + e~ 2RT|3F 2RTIF 2RTIF 2
280 -0, 4+ 28 RT/4AF w 1
(3) The “Hydrogen Peroxide” path
45 + 4H, 0 — 4SOH + 4H* + 4e~ 2RT(F 2RT|F 4
2S80H — SH,0, + 8§ RTj2F RT2F 1
SH,0, + SOH — SOH; + SOH RTI3F RTIF 1
(4) The ‘“Metal Peroxide” path
48 4+ 4H,0 — 4SOH + 4H* + de— 2RT[F 2RTIF 4
SOH — SO + SH,0 RTI2F RTJ2F 1
SO 4- SOH — 8§ + SHO, RTI3F RTIF 1
SHO, + SOH — O, + S + SH,O RT[AF fo's 1
(5) The “Electrochemical Metal Peroxide™ path
35 + 3H,0 — 3SOH + 3H" + 3e- 2RT/F 6RT|SF 3
2SOH — SO + SH,0 RT2F  RT|F RT2F 1
SO + H,0 — SHO, + H* + e 2RT|SF 2RT|F 2RT/3F 1
SHO, + SOH —§ + O, + SH,0 RT/AF o 1
(6) The *Alkaline” path of Hoar
S + H,0 —SOH + H* + &~ 2RT|F 2RT3F 2
SOH + H,0 — SH,04~ + H* RT|F RTF 2
2SH; 0, — S 4+ S0;* + 2ZH,0 RT[2F RT|F RT|2F |
SO =S + 0, + 2e- RT/[3F 1

‘RT|F




7™ 4 Electrochim. Acta 25 (1980) 973 Electrochim. Acta 21 (1976) 501 s
L o8- b,ﬁf_}f.’;“".
Y/ '
we N L g
l}%‘é.fjf + KOQH & N :‘E
wmp T
- a KOH QOSN 5
200 e n i |
4 -3 -2 -1 log i

e
oL PacTtBopeHue pyTeHua (aHanm3 pactesopa):
= Overall Current
W oL current vy x 1010 iy efficiency
v (mA) (male/s) (mA) ()
P o8l
. 5 2.15 0.166 232
g L 1.78 0.137 2.74
9 10 543 0419 4.19
£ o4 4.60 0.355 3.55
20 11.5 0.877 4.43
oz} 116 0.895 447
. | | 50 365 281 5.62
o 3538 2.76 5.52
Current, A 100 126.0 9,72 9.72

168.0 12.9 129

Electrochim. Acta 22 (1977) 329
Surface area of electrode: 0.24 cm?.
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OAMH U3 HENIOXMUX
NPMMepoB onpeaeneHus
TOKa obmeHa




HeBogHble pacTtBopUTenm:

npeBpaweHna, MHUUMUPOBAHHbIe cieaamu Boabl, cm. F. P. DOUSEK et al.

npeBpaLeHns, MHULMMPOBAHHbIE CIeAaMMN KUCI0POAa M NPOAYKTOB ero BOCCTAaHOBNEHMS,

KaTaIMTUYECKOEe OKUCNEHUE U TnapupoBaHune, npexxae scero Ha metannax Vil rpynnbi.
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1MLiClo, |-
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i
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J. Phys. Chem. Lett. 0

4 (2013) 3115 DMSO,



The standard potential of the electrode reaction for the eight-

electron reduction is

ClO4~ +8~ +8H" = ClI~ +4H,0

lNepxnopar

of perchlorate to chloride is EE’{V) = 1.388 V [5]. It means 3TO O3HA4YaeT YTO Mbl Bcerga pabotaem

Metal

~ 18.0

B NPUCYTCTBUM NepxsiopaTa

B YC/IOBMAX €ro HecTabubHOCTH.
70 C 50 C 25 C y
0 /o-o f,,n—o v, ofﬁu
-E . ¢1M H,SO,
~ x 1 M H,S0, + dNeKTpoKaTauTuyecKoe
Ratanutuueckoe) — HClO, BOCCTaHOB/IEHME HA Me-
8 - BOCCTAHOBNEHUE TaNnax rpynnbl NAATUHDI
J (amcnepcHas
Pt B pacTBope) 1 M HClO,
12 | | 27 7+ 50 MKM HCI
0 100 0 100 0 1
E/mV = 01 i T
Comparison of conversion values obtained for various metals at 25 "C
in 1 mol dm 3 HClO4 (average values)
-2 5 M HCIO,
Conversion value/ b
~1.0 e —
14 0 100 200 300 400 500 600
16 Koppo3noHHble npouecchl E/mV

J. Electroanal. Chem. 552 (2003) 197
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J. Electroanal. Chem.
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Table 2. Potential ranges

giving cathodic currents
(E < 0V) or anodic currents (E > 0V) in sweeps on plati-
num for various sulphur compounds

S208 cynbdat

S(Li" —}Enﬂ: _>sohscu"
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Redox pair E (calc.)

280" +4H" +2" =8,0" +2H,0 —0.200
2HSO"+2H++2e‘——SO‘+2H0 —0.313
SO;" +2H* +2 =803 +H,0 -0.092
SO;”" +3H" + 2~ =HSO; +H,0 0.121
HSO; +2H++2c'=HSD;+H=0 0.065
HSO; +3H* + 2¢~ = H,50, + H,0 0.121
2802 +8H* +6e” =5,02" +4H,0 0.073
2802" +9H* +6e” =HS,0; +4H,0 0.097
2HSO; +8H" + 6e™ = HS,0; + 4 H,0 0.078
2HSO‘+9H*+6¢'—HSO +4 H,0 0.082
280;" +10H" + 8~ =8§,0 2 -+ 5H,0 0.029
2 HSO_ +9H++8e'=SO 3 +5H,0 0.015
1H50;+lﬂ H* + 8¢~ =H5103 + 5 H,0 0.027
' HSO, + 11 H* + 8¢~ = H,S5,0, + 5 H,0 0.030
SOI" +8H*+6e” =S +4H,0 0.357
HSO; + 7TH" +6e =S5+ 4H,0 0.338
SO, +8H™ + 8~ =87 +4H,0 0.149
SO;" +9H" +8 =HS" +4H,0 0.252
SO2~ + 10 H* + 8¢~ = H,S + 4 H,0 0.304
HSD; +9H" +8  =H,S+4H,0 0.289



