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1. Ocnoenble npunyunbl MONEKYIAPHO20 MOOCIUPOBAHUA
PeooKc-npoyeccos.

2. Ilepenoc 3nekmpona ¢ ywacmuem peookc-aKmueHblxX
MemannonpomeuHos.

3. Mooenupoeanue ounamuueckozo 3¢hghexma pacmeopumenn Ha
KUHemuKy nepeHoca 31eKmpona (CYeHapuli ¢ HeCKOIbKUMU MOOAMU)

4. Bauanue opbumanbnoz2o nepekpuleanua Ha eIUIUHY
aKmMueayuoHHo20 bapvepa ona 2emepo2eHHbIX peaKyuul
nepenoca 3nexkmpona. Mooen» Anoepcona-Hulonca.

5. Mooenupoeanue nepenoca 3nekmpona ¢ ywacmuem
HAHOPAZMEPHBIX 3NEKMPOO0S.



Quantum mechanical theory Quantum chemical
of charge transfer approaches

Experiment

Computer simulations
(molecular dynamics, MC)



The Nobel Prize in Chemistry 1998

@2/ ‘for his development of the
density-functional theory"

i

Walter Kohn

"for his development of
computational methods Iin
quantum chemistry”

JohnPople



Is the DFT a universal key to address
complex chemical reactions ?
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A zoo of different functionals



The Nobel Prize in Chemistry 2013

Martin Karplus Michael Levitt Arief Warshall

“for the development of multiscale models
for complex chemical systems".

dft



The day
before
yesterday

Gervine Intel[R) CPU
T2060 @ 1.50GHz
1.60Tw, 19376 034

(network)

Yesterday

i EC-1033 RAM - 0.5M, 2*102kHz.
Tomorrow ; EC-1045 RAM- 1M, 8*102 kHz.

The day after tomorrow ?

Square — 200 m?



What can we get from
quantum chemical modelling ?

v .

ET free energy optimized geometry

charge distribution

wave functions
(molecular orbitals)



What can we get from
molecular dynamics simulations ?

e AN

work terms solvent
(Potential of reorganization energy
Mean Force)

characteristic relaxation
times of solvent



HekoTopble oOLWme npobriemMbl MONEKYNAPHOro
MoAeriMpoBaHUsA peaokKe - NpoLeccoB

1) CKpbITaa «nonyamMpupuyHocTb» Metoaa pyHKLMOHana
NAOTHOCTU. BonbLon «300NapK» 0OMEeHHO-KOPPEeNALUNOHHbIX
c¢hbyHKUMOHANOB C y3KON cneunanu3aumen.

2) 3ddekTbl conbBaTauum (peaoKc-noTeHuMnanbl, 3Heprus
peopraHusauum).

3) Pac4yeT 3anekTpoOHHOro TpaHCMUCCUOHHOro KoadhpuumeHTa
(yuet acpcpekToB aKpaHMpPOBaAHUA pacTBOpUTENEM,
acUMNTOTMYECKOE noBeAeHue BOSTHOBbIX (PYHKLUNA Ha
OOoNbLINX PAaCCTOAHUSAX; BNUSAHUE 3apsaa 3fneKkTpoaa).

4) PaboTa cOnmMxeHUsa ¢ y46TOM MUKPOCKONMNYECKOU CTPYKTYPbI
peakunoHHoro crios (Hamborsee BaxHasi, HO HaUMeHee
npoABUHYTaA npoodnema).
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Three-dimensional
structure of horse
heart cyt ¢

a test tube with cyt c,

anchor



Orientation of cyt c, via the positive Immobilization of single-heme
C-terminal adjacent to the electrode horse heart cyt ¢
surface



It is reasonable to employ the perturbation
theory for large molecular systems

A2Ee ~ (W, dy - YAV ¥ ,dV

Perturbation (molecular electrostatic potential)
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K, =0.0002

Orientation which mimics the disposition of
cyt ¢, heme groups in crystal



Orientation of the cyt ¢, heme groups

leading to the maximal ’
intframolecular ET rate S...
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4284 [Inorganic Chemistry, Vol. 30, No. 22, 1991
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Chiral effect
in electron 1201
transfer “
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[cyt ¢]/[[Co(ox)3]3]

- Figure 1. Plot of k,/k, determined from product analysis experiments
Cyt C / [Co(oxa|)3]3 against [cyt ¢]/[[Co(ox);])*] for the reduction of [Co(ox);]* by cyto-
chrome ¢ at ionic strength 0.10 M (circles), 0.25 M (triangles), and 0.50
M (squares). The value obtained from the kinetic experiment is shown
at the intercept of the 0.50 M data.



Three-dimensional [Co(oxal),]*
structure of horse

heart cyt c
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A —isomer A —isomer

cyt ¢ heme (red) + [Co(oxal),]*> = cyt c heme (ox) + [Co(oxal),]*

cytcoxred E =0.265V [Co(oxal),]** E,=0.6V
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Ratio of the rate constants

(averaging over spherical volume)

—s=—cytc/ [Co(oxal)3]3'
—e—cytc/ [Co(oxal)3]3' -K

———— -
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The chiral effectis ca 7% !




KoppensaumoHHas myHKUUS pacTeopUTens

LT TN
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AN3NEKTPUYECKUUN CMNEKTP



N moa pacTBopuUTena (tounoe paznoxexwe B pan )

3Heprus peopraHy3awum BpeMeHa Koppensuuu
pacTBopuTens

N
K(7)=2kpTA, ) 6 exp(-7/1;)
=1

KoppensauunoHHasa cpyHKUMA N

pacTBopuTens Z 5 _1

51’ - BKNnapg, -1 MmoAbl B 3HEepruio peopraH1usaLmm pactBopuTtens

OHeprus peopraHusauum «nepepacnpenensercs» no

N xoopauHatam pacTeopvutens.



[Mpumep TOYHOro pasnoxeHua kopp. yHKUWn B paa.
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[1Ba BPEMEHU KOppenaumm
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[1na pactBoputend
DMA:
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7, =0.44 ps;0, =0.83



TToBepxHOCTb cBO6OAHOU 3Heprumu peakLum MOXHO
onucatb N koopavHatamu pacteoputens (q;, .. Q)
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dneKTpoxumuueckoe socctaHosseHue S,0,2
o - 2— -
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bpoyHoBcKkas monekynspHaa AUHAMUKG

r
YpaBHeHUA ona koopauHart pacTBopuTes
I
a _ 211 i a rand (T)
2 % q,
ﬂ,sl - BKIag B 3HEPruio peopraHnsaumm pactsopurtensa oT j- Moabl
. aqa
T’L - COOTBETCTBYHOLLEE BPEMS penakcauum;

1
U(q;r) - noepxHOCTb CBOBOAHOI SHEPrUM
peakumm;

i ~
F...(T) - cnyvaitnas cuna

YpaBHeHue ans BHYTPUMONEKYNAPHON KOOpPANHATLI I:

2 r
d 1; _ 1 8U(q,r)+F 7)
ks m  or rand




TpéxmepHoe cevyeHne NATUMEPHON NOBEPXHOCTU
CcBOOOOHOU 3HEPrnmn peakumm

JRT=TEY
-
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Pe3ynbTatbl MOAenbHbIX PacYETOB

11.8} 2

11.6

lg k

11.4}

11.2}

11.0F | | | .

0 20 40 60 80 100
x__ %]

£



Monensr AunepcoHa-HbIOHCa OIS peaKIIHH
TepeHoca 3JIEKTPOHA (IIPHOIHIKEHHE Y3KOF

30HBI)
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[ToBepXxHOCTN CBOOGOAHOWN IHEPIrnUn peakuuu,

NOCTPOEHHbIE NMPU Pa3NINYHbIX PACCTOAHUAX
Au-H (0.3 — 0.475 HMm).




CnunHoBas Bepcua moaenu HoroHca-AHgepcoHa
B npubnmxeHuun Xaptpu-®oka
(npubnuxeHne WMPOKOUN 30HbLI)
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CraguHbIA NEPEHOC ABYX YICKTPOHOB
[1n(H,0) " + e =[In(H,0) |** + ¢ =[In(H,0),]*




JocToHHCTBa MoaeJid HbhIOHcCa-AHIIEpPCOHA
IIPH OIIHCAaHHH IreTEepPOreHHbBIX peaKIIHH IIepeHoca

3JIEKTPOHA:

1) [OaéT BO3MOXHOCTb BBECTU KOOpAMHATY pacTBopuTens Hamodbonee
NPOCTbIM CNOCOOOM.

2) YunTtbiBaeT BNMAHMUE opbuTanbHOro nepekpbiBaHUA Ha BENTUYNHY
aKTMBaUMOHHOro 6apbepa (katanus).

3) MNo3BonseT onucartb CTagUUHbIN NEePeHOC ABYX 3NEeKTPOHOB.

HepocTtaTku:

1) PeareHTa xapaKktepun3syeTcsi O4HON MONEKYNSPHOMN
opouTanblo.

2) He yuntbiBaeTcs anieKTpOHHas Koppensiyus.

3) He yuutbiBaeTca oTrarnkmBaHue agep.



HaHopasmepHble adpheKTbl

MeTannuyeckas
HaHOMpPOBOSIOKA

N3o06paxeHne maccusa yrinepoaHbliX HaHOTPYOOK,
NONy4YeHHoe C NMOMOLLbIO CKaHUPYHoLLLEero
3NEKTPOHHOIo MMKpOCKona.

MopaenbHbIn
NpoBOASALLNIA
UMnNuHAp




B KHHETHKE 3JIEKTPOXUMUUYECKUX PEIOKC-TIPOIIECCOB BAXKHYIO POJIb UTPACT TEMIIEpaTypHasi 3aBUCUMOCTb
KOHCTaHTBhI CkopocTu. Ha rpadukax npuBeieHbl appeHUYCOBCKUE 3aBUCUMOCTH, IIOCTPOCHHBIE ISl
BOCCTAHOBJICHUS (DeppoIMaHuI-aHUOHA Ha TJIOCKOM 3JIEKTpOo/ie (CIeBa) M Ha MOBEPXHOCTH HAHOPa3MEPHO
MpOBOSIIETO HUIuHpa (crpaBa). Kak BUAHO, pe3yabTaThl KAYUECTBEHHO pa3iinyaroTcs: JJid miockoro
AJIEKTPOJAA POCT TEMIIEPATYPhI MIPUBOAUT K POCTY CKOPOCTH peakivu. B ciiydae HaHOPa3MEPHOTO AIIEKTPO/I
Ha000POT, MOBBIIICHUE TEMIIEPATYPHI BHI3BIBAECT CHIDKCHUE CKOPOCTH MPOIecca. ITO BBI3BAHO TEM, UTO C
POCTOM TEMIIEpaTyphbl YCUIUBAETCS SJIEKTPOCTATUYECKOE OTTAIKUBAHWE aHUOHA OT MIOBEPXHOCTH AJIEKTPO/I;
U JUIsl HAHOIIWJIMHIpA JTAHHBIA 3(PGhEKT mpeBbIIaeT 00bIYHBIN (ApPEHUYCOBCKH) POCT CKOPOCTH ITPOIIECCa (

yBenmuuenueM k;T.
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Electron transfer in nanoscale

Me(111) vs monoatomic wires
Fe(IIT)/Fe(II)

6 . : : .

5t —e— Au (x* =0.75 nm)

" —a— Cu (x* = 0.67 nm)

- —v—Pt (x*=0.67 nm)

€

2+ catalysis

(Me slab)/k (wire)

€

K

i—i i L i Il
0.70 0.75 0.80 0.85
X, nm

0.60 065



OTH pe3yabTaThl OOBSICHAIOTCS PAa3IUNYHBIM TOBEJIECHUEM JICKTPOHHOH MJIOTHOCTH JJ1sl TOBEPXHOCTHU
Me(111) u MoHOATOMHBIX POBOJIOK. [Ipy MasbIX PACCTOSHUAX 3IEKTPOHHAS TUIOTHOCTH JJIsI IPOBOJIOK
npuHUMAaET 00Jiblliie 3HaUeHus 1o cpaBHenuto ¢ Me(111), a Ha Gonbiux, HA0OOPOT, 3aTyXaeT CUIIbHEE
(cM. rpaduk cieBa). Touka nepecedeHust Ha rpaduke MPUMEPHO COOTBETCTBYET IPAHUIIE MEKIY
y4aCTKaMU «KaTajau3ay U «AHrMOUpOoBaHUs». J{Jid MOATBEPKICHMS 3TOTO BBIBOIA Ha TpaduKe cripana
MPUBEAECHBI KBAJpaThl PE30HAHCHOTO MHTErpalia, PACCUUTAHHBIE EPEHOCA IEKTPOHA HA MPOTOH C
Au(111) 1 cooTBEeTCTBYIOIIEH MPOBOJIOKHA MOHOATOMHOTO pa3Mepa. Kak BUIHO, KAYECTBEHHO JTaHHBIC
3aBUCHUMOCTH MTOBTOPSIOT MOBEACHHE MPOdUIICH AIEKTPOHHOM IIIOTHOCTH (rpaduK CiieBa).

—s— Au(111)
—e— monoatomic wire

f 2

V.

000 005 010 015
X, nm
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