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KuHeTuka ctagnm nepeHoca 3apsaaa

YpaBHeHune Tadens
deHomeHonorn4yeckne obocHoBaHMS
JKCnepnuMeHTarnbHoe onpeaefieHne CKoOpoCTn CcTaaum nepeHoca 3apsga
Teopua 3ameaneHHoro paspsaa
JKCcnepnuMeHTarnbHasi NpoBepKa —3aBUCUMOCTM TOKa:
- OT NoTeHuuana
- OT KOHUEHTpaunu anekTponnta goHa
- OT Temneparypbl
- OT Npupoabl MaTepuana anekrpoga
BoccTaHoBRNeHME aHMOHOB: 3NEKTPOCTaTUKa NPOTUB CBOBOAHOMN SHEPTNU
icnpaBrneHHble TadheneBckne 3aBUCMMOCTH
«MornekynapHbie» arekTpoctaTudeckne adpdeKTol

http://www.elch.chem.msu.ru/rus/prg3.htm



YpaeHeHUe
Tagpens

1862-1918

11. An Quecksilber (und annihernd auch an Blei und Kadmium)
wurde fiir die Abhingigkeit des Kathodenpotentials ¢ von der Strom-
dichte J die Gleichung: .
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e=a+tblogJ
bestitigt gefunden, worin @ und b Konstante sind. Der Wert fir b
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Z. Phys. Chem. 1905, Bd.50, S.641-712

Uber die Polarisation

bei kathodischer Wasserstoffentwicklung.

Yon
Julius Tafel.

AMit 15 Figuren im Text.)

Wiirzburg, Chemisches Institut der Universitit, Oktober 1904.
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Brensted,J.N. and Petersen,K. (1923) Z. Phyvs. Chem., 108, 185,
Eransted, N., Chem. Kev 5, 231-338 (1928)

k = (Ko /K3)® 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

AGH = BAAG + constant (2)

Where AG* = G* — Gi, 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
1s written kK = xkrs1, K15 Deing the transition state theory rate
constant, then equation (I) is equivalent to assuming that the
transmission coefficient x 1s the same for all reactions in the
series. )




Brénsted Relationship or Brgnsted Relation IUPAC

This expression applies to either of the equations

k./p G,(K,g/p)® (for acid catalysis)

I

or

1l

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

where «, B, G, and G, are constant for a given reaction series, &« and f are called Brgnsted
exponents, k, and k, are catalytic coeffictents (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 Brédnsted 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.



YpaBHeHue Tadena v npeacrtaBrieHne
O MeaJiIeHHOM nepeHoce 3NIeKTPoHa

R. Audubert, J. chim . phys., 21 (1924) 351
J.A.V. Butler, Trans. Faraday Soc., 19 (1924) 729, 734

T. Erdey-Gruz, M.Volmer, Z. phys. Chem. A, 150 (193 0) 203
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9.1

ObocHoBaHME 3MNUPUYECKUX COOTHOLLEHNI
O+ne=R z,—n=7

E=a+blogi |« 3mnupuyeckoe ypaBHenune Tacens, 1905

" YpaBHeHUe
23RT. . . 23RT AppeHuyca
“ T E Iniy; b= aNE YpaBHeHue Batnepa-®onbmepa l
l (Butler-Volmer Equation)
i =nFkc, exp(— anFAp¢]
« RT

| = io {exp{%_ll:_n} — eXpI:_ (1—;)rn|:/7}}

MepeHanpsxeHue: N =00 -078,..=E-E,,,

-~ - nFA’
| =nFkc, exp 2,0
RT

B ycnosuax paBHoBecUS: I
fimomsocms L CooTtHoweHne bpéHcrena:
=T = = —-a|,a-l-a.a .~
moka — |, =i =1 =nFk™“k“c;“cy fIMHeHas 3aBMCUMOCTb HepauU
obmeHa B aKmueauuu OT ranbBaHW-NoTeHunana
RT K RT C #
NG = In=+ In=2 TUAGY = =alG, =aFA ¢
(@+pB)nF  k (a+pB)nF ¢ P P
KoaghgbuyueHm repeHoca 9

YpaBHeHve HepHcTa c80600Has sHepaus peakyuu
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anekTpoay:
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9.1,9.6

Teopusa samegneHHoro paspgaga: A.H.OpymkmH, 1933
JInHenHaa 3aBUCUMOCTb QHEPINN akKTnBaunn OT NnageHnda notTeHunana

B 30HE peakumm A * = aAGm =aF (A]g¢ _401)

3aBUCUMOCTb KOHLIEHTpALUUM peareHTa oT noTeHumnana B 30He peakuumm
(ncu-npum nomeHyuars) N daHeprun agcopdbumm (g) peareHTa v npoaykra

.
ade — Oo ~ 20le . ha0c — Or — ZRle
Co Co exp( RT J’CR Cg exp( o j
| = nFke, exp (an=z)Fg, exp(— anFEj
RT RT

VcnpaeneHHas TadeneBckas 3aBMCUMOCTb

Z,FyY, ank
———==const ——(E -
- con RT( W)

B aTux KoopauHaTax npu KOPPEKTHOM BblGope Ncu-Nnpum noteHumana
coBnagatot I,E — kpuBble AN pasHbIX KOHLEHTpaLUWi 3MeKTponmTa
cboHa 1 aNeKTPOAOB C pa3HbIMK TOYKaMK HyNeBOro 3apsaaa 11
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9.6

BoccTtaHoBneHne aHNOHOB Ha OTpULaTENbHO 3apsXKEHHOW
lgi-lgcs— const NOBEPXHOCTY

CHWXEeHNe KOHLEeHTpauumn anekTponmta doHa:

(an_ 20)le < O

=

RT

N pacTeT No abcontTHOM BENUYNHE

[NoTeHuwnan
HYINeBoro
3apsga
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E 3
g=0 s aneKTponuTa
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MeTannbl ¢ pasHbIMU NOTEHUManNamm Hynesoro 3apsaaa (nH3):
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9.7

YyeT MONneKynsapHOro CTPOEHUA peareHTa
— — xz _
AG,, = F+W; =W, AG* =W, +aAG,
B Teopun 3ameaneHHoro paspsga
WO - onlﬂl T go; WR = FZRwl T Or
[1na nonnaToMHOro peareHTta \ T

W = FZ Cljlﬂj . 7= Z qj o — KBaHTOBas xmmug
J J

[Tpobnembl
HeonpeneneHHOCTb pacCTOAHMA MakCMManbHOro NpubnmxeHus

OpHOBpPEMEHHOEe y4acTue B peakLmn peareHToB, HaxoasLWwmxcs Ha
pa3HbIX PACCTOAHUAX OT NOBEPXHOCTU

PeanbHoe pacnpeaeneHne noteHuuana B 30He peakumm

3aBMCUMOCTb 3Heprum agcopbunm oT NnoTeHumana 14



Mpumep: MmogenMpoBaHne OpUEHTALMOHHbIX 3¢heKTOB ANA aKBaxfoOpUAHbIX
komnriekcoB Pt(Il)
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NMpumep: MmogenupoBaHue opueHTaUMOHHbIX 3dhheKkToB ANA
MOHHbIX nap [S,04]% ¢ KATUOHOM LLEeNoYHOro Mmetanna
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BaXxHble aHanorum ¢ roMmoreHHbIMu PpeakKunamMun nepeHoca IJ1IeKTpoHa

1. AHUOH-aHUOHHas accoyuauyus (Npu ebICOKUX KOHUeHmMpauyusx
ariekmposiuma ¢poHa)

[CoEdta]-+ I = [CoEdtal~. I= Wonnas napa ?

[CoEdta]-, I + hv = [CoEdta]*, I’ KOHCTAHTLI
YCTONYMNBOCTH

Kip. 1 mol~! or kg mol™!

] Jll [lepeHoc 3apapa: 0.5 3
| CaxapHblV ;4|  MoOnsipHble
Cy |- o/
02 /| cupon !
0.3
0.5 02 . . ;'
- MOMNASbHbIE :
] 0.1F
0.3 F
ﬂ | | | | | |
0.1F 10 20 30 40 50 60
¢, g/100 ml
P . . . . . KoHueHTpauua cupona
22000 24000 26000 28000 30000 32000 34000 17

V. cm_l



BaXxHble aHanorum ¢ roMmoreHHbIMu PpeakKunamMun nepeHoca IJ1IeKTpoHa

I-10%A
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2. KamuoHHbIU Kamanu3 FomozeHHasi

peakyusi 8 pacmeope
[Fe(CNJg]* +n M* + [Fe{CN)g]* =

= [Fe(CN)g]4 + n M* + [Fa(CN)g]3-

[lornoca nepeHoca

3apsaga B CrekTpe Cl4A) __
nornowieHusa ] s a
C(3A)
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