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BHFIERZIEZE: MarcusA\

energy

R. A. Marcus, 1992
Nobel Prize

Theory originally
developed in 1955-56
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May and Kuhn, “Charge and Energy Transfer Dynamics in
Molecular Systems”

A. Nitzan, “Chemical dynamics in condensed phases”.

- BTFEBNEFRGZ. MEEIR:

David Chandler Essay Chap.2 in “Classical and Quantum
Dynamics in Condensed Phase Simulations™ Eds. Berne and
Cicotti (Chandler =T 7] F#%
gold.cchem.berkeley.edu/Pubs/DC154.pdf)




Volkhard May, Oliver Kahn WILEY-VCH
—_—

Charge and Energy
Transfer Dynamics
in Molecular Systems

Third, Revised and Enlarged Edition

May and Kuhn, Chap. 2, 7

Chemical Dynamics
in Condensed Phases

Relaxation, Transfer, and Reactions
in Condensed Molecular Systems

OXFORD GRADUATE TEXTS

Nitzan, Chap. 16
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Why Born-Oppenheimer Approximation?
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HmoI — Tnuc(R) + Tef(r) + TVTEE—nuC (r: R) + 1’;rirl'u.lt:—'nuv::(]E:{') + 1’{93—81(1‘)

B—#: REESHFHERNI—ZLEFER—TSH

HEI = TEE (I‘) + LIEI—TL'MC(rt R) + 1{5"3—83(1‘)



KfEE

=1

E,(AR)

He(R)pa(r: R) = E

SR T 55 e

\molecular equilibrium

« P

HERNEEISHIE (FEEmEmAHEE)
a(R)@pa(r: R)

DAZR

EAF

BRASEBRZE2-3eV;
- JRBIEELKE, 0.01-

0.4eV
JREE

PP
 or KA EE TR

FE, 5 Bzt /)
?ﬁ?ﬁﬁﬁ

B B




G EMIERRITE

Adiabtic and diabatic processes
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Adiabatic states VS Diabatic states
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Avoided Crossing Derivative Coupling
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ET at ET at ET at ET at
liquid-liquid polymer-liquid semiconductor modified
interfaces interfaces electrodes electrodes
o ET at chemiluminescence
Eirrev and Eo metal electrodes, T
late 1940s inverted solar energy
ffect conversio
ET in solids and polymers ° ec| pvermen
: photosynthesis
s — [ g
organic ETs chemistry
- and Sy2s calculations

solvent élyél}axmcs Electron Transfer

an in the cross-reactions
- - late 1940s and 1950s
ion pairs, I

recombination, methyl and
escape other transfers
: led ET and
magnetic effects coup long-range ET
on ET proton transfer in rigid media
charge transfer ET across rigid

spectra

organic bridges

ET in proteins

Marcus 2000, Preface in “Electron transfer in chemistry”
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Fe?t(aq) + Fe’T (aq) = Fe’ T (aq) + Fe? T (aq).

RFBHEE: Marcus Theory

2. £WI5rTF: GEER TR THT (80s-10s);
KERTER
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Deproton to \_7/
Electron transfer
Sjodin et al. J. Am. Chem. Soc. Reece et al., J. Am. Chem. Soc. 2005,
2000, 122, 3932-3936 127, 9448-9458
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Fe?™(aq) + Fe?T(aq) = Fe’ ™ (aq) + Fe? ™ (aq).
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water

The Marcus scenario
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due to solvation
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Test the Gaussian assumption

F(&)
free energy/kcal mol™’
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‘normal” » Marcus’ “inverted regime”

Experimental
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A€ (thermodynamic
20 driving force)

Marcus’ classical
prediction (parabolic)



Inverted region

Normal region Inverted region
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AG" — (—Ae+A)
41

(AGO = &E)

AG, < A AG, = A

Normal Region Maximum rate

Increasing of the “driving force” AGo No barrier; AG*=0,

increases the rate (as expected) AGo=A
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reaction coordinate reaction coordinate

AG, > A
Inverted Region

Inverted region: barrier increases
with AGo (rate decreases)

reaction coordinate



Marcus Inverted Region: Experimental Verification

10° g Ql
A LT T \ 5
10 A-Sp-D
w 10}
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10 + @
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SWey v
0.0 1.0 2.0
—AG® (eV)
Intramolecular electron transfer rate constants as a function of AG® In / < ¢ %

methyltetrahydrofuran solution at 206 K. From: Closs, . L.; Calcaterra, L. T
Green, H. J.; Penfield, K. W_; Miller J. R_, J. Phys. Chem. 1986, 90, 3673
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