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Pasnnuuna peakuumn B razoBou pase u peakuummu
nepeHoca 3feKTPoOHa B pacTBopax

B pacTtBopax ans nepeHoca arfiekTpoHa He TPebyrTCA CTONIKHOBEHUS —
TpebyeTca conmxeHne peareHTOB B MPOCTPaHCTBE + BfIN30CTb NX SHEPTUN
(npuHuun ®paHka-KoHoHa).

B pacTBopax B pesyrnsraTe peakunm MeHAETC pacrnonoXeHne atToMoB He
TONbLKO B pearmpyroLLmnx 4Yactmuax, Ho U B pacTtBopuTere (peopraHusauus
NONIAPHOro pacTeBopuTens).

B peakumsax nepeHoca anekTpoHa Bcerga y4acTBYOT 3apsiKeHHble YacTuubl
(Nnnbo peareHTbl, NTMOO NpPoayKThl, IM6O KN Te, n apyrne). NosToMmy Hen36eXHbl
3NeKTpocTaTUYeCcKue B3amMoOeucTBuUS.

[na peakuuin nepeHoca 3NeKTPOHa B pacTBopax BENUYNHY CBOOOAHOM
9HEpPrn peakumm MOXHO onpeaennTb U3 BENIMYMH paBHOBECHbIX
NoTeHUMnanos.

Cwm http://www.chem.msu.su/rus/teaching/vorob'ev/



CooTtHoweHue bpeHcTena (1923):
NUHEeNHasa 3aBUCUMOCTb 3Hepauu Tonbko ona cepumn
akmueayuu oT cBODOOHOW SHEpPrum peakuymm OAHOTUMHBIX peaKLumn.

AG” = const + qAG

peaxkuyuu

«Xumudeckue» ripedcmaerieHus

AMMNPUYECKUNA
napametp O CUJIbHbIX U criabbix
oKucsiumersidax u
(Ko PurLMEHT nepeHoca/CMMMETPUN)
eoccmaHoeumersidix
[Ina peakumin c NepeHoCcoM 3neKTPoHa AG pearyuu AGm =—-nFAE pasn

(c ToyHOCTBLIO 00 paboT nogsoaa
peareHTOB B 30HY peakLumn)

HeoObACHUMO B paMKax 3TOU Koppensauunu:
- NOYEMY CKOPOCTU MHOIMX peakuui 3aBUCAT OT MIOHHOW CUIbl pacTBOpa;
- NOYEMY CKOPOCTU MHOIMX peakuun 3aBUCAT OT Npupoabl « QOHOBLIX» MOHOB;

3
= e <MHOrFOYMCIEHHbIE Donee YyacTHble cny4vyan=



Brensted, J.N. and Petersen K. (1923) Z. Phys. Chem., 108, 185,
Eransted, N., Chem. Kev 5, 231-338 (1928)

k = (Koo K3) k° (1)

where K, and k° are the_equilibrium and rate constants for a
reference reaction, while K, and & 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* — GE, 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 kK = xkrgr, kysT Deing the transition state theory rate
constant, then equafion (I) is equivalent to assuming that the
transmission coefficient x» 1s the same for all reactions in the
SEeries. )




Brénsted Relationship or Brénsted Relation IUPAC

This expression applies to either of the equations
k/p = G(K,q/p)® (for acid catalysis)
or
k/q = Gy Kp/q)® (for base catalysis)

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 ¢ 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 Brdnsted 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.



9.1 [eTeporeHHbIii NepPeHoC aNeKTPoHa

O+ne=R; z,-n=1,
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YpaBHeHune HepHcTa c80b000Has1 aHepausi peakyuu



Hob6eneBckasa nekuusa P.A.Mapkyca:
http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1992/marcus-lecture.pdf

0O630p ( P.A.Mapkyc, H.CyTuH)

Biochimica et Biophysica Acta 811 (1985) 265-322

Koneunoe
COCTOAHWE

Hcxonuoe

4 COCTOAHWE
NMNpuHunn dpaHka-KoHaoHa

besbl3nyvyaTenbHbIN ANTIEKTPOHHbLIN
NepeHOC MOXET OCYLLECTBNATbLCS
TONBLKO NP BNU3KKUX (MNN paBHbIX)
YPOBHSIX 3HEPINU SNEKTPOHA B
yacTuuax goHopa v akuenrtopa.

[TorenuunansHan aHeprus

Bpemsa nepexona anekTpoHa
(nopsaka 101> ¢) cywecTBeHHO Q, @ Q,
MEHbLLE BPEMEHN, B TEHEHUNE  OFo6weHHas koopavHaTa - opueHTaLms
KOTOPOro dapa Moryt USMEHUTb pgunonen pacTBopuTenst U AnuHbl cBssen 7
cBoe nonoxeHwme (1013 ¢). B NEePEeXoAHOM COCTOSIHUM




9.7

Teopusa Mapkyca (1956)

[Mapabonuyeckne Tepmbl

U, (Q)== ha)(Q Q, )Y+U®  nadansHoro/koHedHoro

COCTOSAHUX C OQNHAKOBOW
KPYTU3HOM

. 2
A= Ehw(Qz -Q) AHeprus peopraHusauuu, Q; n Q, — koopamHaTbl
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9.7

dopmynbl Mapkyca ons aHeprum peopraHusaumnm

(e ) 1 1 1 1 1 AHeprns peopraHmsaumu
ﬂ, = N —— + — pacTBoOpUTEnNs A5 rOMOreHHOM

472'80 E E aq a, R peakLumM nepeHoca anekTpoHa

on

a 2R

pacTBOpUTENS AN reTeporeHHOM 8 -
peakuMn nepeHoca areKkTpoHa &y \ €,, €&

OHeprua peopraHmMsaLmm /,t _ N (6) 1 1 (1 1 j

2
JHeprua BHyTpucepHon peopraHmsaunm /lgH — E Z fj (AQJ-)

BHyTpucdepHasa aHeprus 1 2 2f f
2’6}1 _EZ f](AQJ) , f = 2 2

peopraHusaumnm — j
fy+ 1,

Yacmombi u3 IK-cnnekmpos, OruHbI cesizel

U3 CMPYKmMypHbIX OaHHbIX 9



ELECTRON TRANSFER REACTIONS IN
CHEMISTRY: THEORY AND EXPERIMENT

Nobel Lecture, December 8. 1992 Pynonbd A. Mapkyc
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R.A.Marcus, J. Chem. Phys. 24 (1956) 966; 979.
R.A.Marcus, N. Sutin, Biochimica et Biophysica Acta 811 (1985) 265-322
NMporHo3bl (~1960)

* COOTHOLLUEHMEe AJI KOHCTAHT CKOPOCTU peakuuin 3fIieKTPOHHOro oomeHa
N «MNepeKkpecTHON» peakuum

* UHBepTMpOBaHHas obnacTtb AGH = i |+ AGY | 2
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5
2 In %
1 I1 111
0
—AG
REACTION COORDINATE g * dpdhekT pacTBOpUTENS

* CooTHOLIEHNe AN KOHCTaHT CKOpocTn  ;
3NEeKTPOHHOro o6 MeHa U 3NeKTPoOaHON peaKkuumn



A=——=5p—B

[/anyan 30 rnc, J.R.Miller et al, JACS 1984, 106, 3047
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«CenapaTtopbl» AnfA BapbUpPOBaHUA PacCTOAHUSA reTepPoreHHoro

nepeHocCa JJIeKTPOHa — KOHLUeBble aJIKUNnTUnonbl

EIectrochirﬁ.Acta,
2000, 45, 3497
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L [ S e i T L TuonbHbIE CNOW YCTONYMBLI B

' 1 BOJHbIX cpeaax, yMepeHHo

_ YCTONYMBBI B MOHHBIX XNOKOCTAX
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«Mpuwntblie» peareHTbl

«—— redox center
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