INexumsa 6 (14.03.2087)

CoBepLUeHHO NonsApusyeMble 3NeKTpoabl.
dusnyeckme metoabl UccriefoBaHMA afcopaToB.

Ancopbuusi ¢ nepeHocoM 3apsiaa, agaToMbl
Coagcopbumsa MOHOB 1 aTOMOB

[MoTeHumnanbl HyNeBOro NOSIHOro 1 cBo6oaHOro 3apsana
HeobpaTtmas agcopoums

In situ conanyeckme MeToabl nccnegoBaHns agcopoumm
- onTU4yeckue

- PEHTreHOCNEKTPOCKONUYECKNE
- AUdppaKkLUMOHHbIE
- 30HO0BbIE

- KBapueBoe MMNKpoB3BELLNUBaAHUE

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



CHoBa Kknaccudpukauma anekTpoaos
(Tenepb - cBA3aHHaA C 0COOEHHOCTAMU UX 3apPSKEHURA)

WpeanbHO nonsapusyeMbln: BECb NOABOAUMBIN 3apsifi 3aTpadunBaETCsl TONbKO
Ha U3MeHeHne cBOBOAHOro 3apsaa anekTpoaa, KoMneHcupyemoro agcopbunen
NoHoB. [lpo makue anekmpoOb! bbina peys 8 nekyuu Interface 1.

CoBepLUeHHO Nonsipu3yemMbii: NOABOAMMbIN 3apsi 3aTpadnBaeTCs Kak Ha
n3mMeHeHne cBoOOJHOro 3apsa anekTpoaa, Tak U Ha NpoTekaHne peakLum

Ox + ne = Red

B KOTOpOW peareHT 1 npoaykt (Ox n Red) HaxoaAaTca UCKNOYNUTENBHO
B aacopbrupoBaHHOM COCTOAHUM.

B o6oux cny4asx B cTauMOHapPHbIX YCIOBUSX NPU NOCTOSAHHOM
NoTeHUKMare TOK He NnpoTekaeT (3apsKeHne 3akaH4YnBaeTCs).

Ecnu xe Ox n(unn) Red cyLiecTByoT B pacTBope, TOK NpogosrmkaeT
Te4Yb BCE BPEMSA — 3TO HEMONSAPU3YEMbIN IFIEKTPOA. 2



CtpoeHune mexdcdasHoM rpaHuLbl, COBEPLUEHHO NOMAPU3yeMbIU
aneKkTpoA (Bce eLle yCcrioBHO!)

Omnud4ue: oo O
adcopb 0 o ®0
pbuusi c nepeHocom 3apsida e ®0 ° 6
(amo eceza0a xemocopbyus) 1 : O. .O )
0ce®_ °
anekTpona e o.
B pe3synbTaTe nepeHoca 3apsiaa 1 Og © .O
C aHMOHa (UMY Ha KaTUOH) ®® % .D
nony4yarotTcs adamomabil. @Oe O
Co® 0O
® 0O
B nnoTtHOM YacTu «ABOUHOrO NOHBI B
bonee ogHOro KOMMOHEHTA. pacTBopuUTens (amdbchy3HBLIN crow)

@ OxRed



7.5,7.6

CoBepLUEHHO NoNnsipn3yemMble aNeKTPoabl

ObpasoBaHue agatomMoB (agcopdbumsa ¢ nepeHocoM 3apsiga).

H,O* + e(Pt) = Pt_H_, + H,0

AQ = Aq+ FAA

S\

NOJTHbIN CBOOOAHbBIN

3apsa 3apsa

do=-T . dy, -T .du.—- > Tdy

JKCNEepPUMEHT:

BonbTamnepomeTtpus
(E = EHaqaan W — I)

XPOHOMNOTEHLMOMETPUA
(KpuBble 3apsKeHUS,

| = const — E)

AQ

izH,H”

= const /v

AQ =14

A(E)

[lonpaska Ha 3apsXeHue
UOHHO20 «O80OUHO20 CI1051»
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Journal of Molecular Catalysis A: Chemucal 182-183 (2002) 5-16

Heterogeneous catalysis on atomic scale

Gerhard Ertl*

Fritz-Haber-Institut der Max-Flanck-Gesellschafi, Faradayweg 4-6, [)- 14195 Berlin, Germany

“Most finely divided catalysts must have structures of
great complexity. In order to simplify our theoretical
consideration of reactions at surfaces, let us confine
our attention to reactions on plane surfaces. If the
principles in this case are well understood, it should
then be possible to extend the theory to the case of
porous bodies. In general, we should look upon the

surface as consisting of a checkerboard ...”

I Langmuir, Trans. Faraday Soc. 17 (1922), 607

. i . i j N3 HoBenesckon nekumm (2007),
Ru(0001): Residence times at various distances d http://www.nobelprize.ora/

to neighbouring adatom T [ms] at 300 K nobel_prizes/chemistry/laureates/
dfa, 3 2 V7 3 oo 2007/ertl-lecture.html 5
T 14 220 66 43 60




MOHOKpMCTaHHM‘-IeCKVIe ANeKTpoAbl

[Monydenune: metoq J. Clavilier
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7.2 ALCOPOLUMOHHBIN MeTod U3yYeHUs

3apsKEHHbIX MeXXdasHbIX rpaHnL]
(onpepeneHne N3MeHeHNs MOBEPXHOCTHOW KOHLEHTpaLUum)

OueHku:

- 3apan udearibHO MosiIIpU3yemMo20 3NeKTpoaa B peanbHbIX CUCTEMAX MOXET
pocturatb 30 MkKn/cm?;

- NOMNHbIN 3apsa CO8EPUIEHHO OIAPU3YEMO20 INEKTPOAA MOXET N3MEHSATLCS
Ha 200-400 mkKn/cm? 1

IameHeHMe cocTaBa pacTBopa B pedynbTate opMUpoBaHuS
aacopOUMOHHOro ¢rnosi Ha 1 cM2 UCTUHHOM NOBEPXHOCTU He NpeBbIllaeT
Memod 1 HaHOMOnNA

paduoaKmMuBHbIX 1

UHOUKamopos
[Mpamoe onpeaenerune agcopbumm BO3MOXHO Ha aNekTpoaax c

pPa3BUTON NOBEPXHOCTBLIO N3 Maroro obbema pacTBopa

e ~

TUTPOBaAHUNE ANTIEKTPONPOBOAHOCTb
8

CNeKTpodoTOMETPUSA



Ancopouus noHOB — cBOOOAHLIN 3apan,

FT;, MmyHn/cMe
m,' . MeTo paanoakTUBHBIX MHONKATOPOB
S0
Na*
0 Egun 06 EB .
g, MEEn/ cm
30F
20
AnCOpOLMOHHBIN meTop —» 10
i




7.6

CoBepLLEHHO Nonspu3yemble 3NekTpoabl - coaacopbums

Underpotential deposition (upd) — obpasoBaHne agaTtoMoB NpU NOTEHUManax
NOSNIOXKUTESTIbHEE PABHOBECHOIO

rnomexyuars MmakcumasbHou

MeTannsl rpynrbl nNJ1aTUHbI adcop6uuu aHUOHO8

H upd . Oupd: H,0—2e =2H"+0,,
< > «[BOVHOCIIONHasn» >
| o6nacTb | | E (RHE), V
| J N | >
0 Cu upd: Cu?* + 2e = Cu,, 1.23

\ 4

&
<

A
1
1
1
1
1
1
1
1
1
1

A -Adt+e=A
rnomeHuyuar Hynesozao g upd: Ag*+e Yan

c80600H020 3apsida

RHE — reversible hydrogen electrode
(obpaTuUMbI BOAOPOAHbLIV 3NEKTPO B TOM Xe pacTBope) 10



AnemMeHTapHas fs4YeukKa rpaHeLeHTPUPOBaHHON KyOUYeCKON peLueTKn

(111)

(110)

(100)

HyxHo ans pac4yeTa uncna 4OCTYMNHbIX aACOPOLUMOHHbLIX MecT 11



OnpegeneHne NCTUHHOM NOBEPXHOCTMU in Situ

0,3 [Mo acopbunun-gecopbuLunm
' BOOoOpoaa

0,2

nonnPt —
0.210 mKn/cm?2

< «— 300 HM—
E B |/mA
= nonnPt —

014 0 0.420 mKn/cm2

01,2 =

03 47
0.0 0.1 0.2 03 04 05

E (V vs RHE)

BenuunHa yoenbHoro 3apsiaa
onpegensieTcst YNCIoM aToMOB

Ha eaUHULIE MOBEPXHOCTU, TO €CTb =10
KpucTtannorpacpuen.

12

IUPAC: Pure Appl. Chem.63 (1991) 711



OpraHunyeckune agcopbartbl — HeobpaTnmas (AeCTPYKTUBHAA) aacopbums

OnpeaeneHne NoBepxXHOCTU U COCTaBa CMeLlaHHbIX aACOPOLMUOHHbLIX

cnoeB in situ no aecopouumn CO o

. JlnHenHas
é hopma C=0 MocTtukoBas
| /\ dopma

Pt Pt Pt
ApgaTtombl H Ha
YMCTOM MOBEPXHOCTU
2 “"CO + H,0 — 2e = CO, + 2H*
2
E |
| MoHocnowun Ha nonuPt ecnn CO
B NUHenHon dpopme — 0.420
MKn/cm?2
o ag 12
E, V (RHE)

ApgaTtombl H Ha
MOBEPXHOCTH,

- 13
yacTunyHo 3aHaTonm CO



SAM - camoopraHusoBaHHble (self-arranged) MOHoOCIIoOM Monekyn
C KOHUeBbIMU SH-rpynnamum (thiol terminated) — Heobpartumasn agcopbuus

ntermolecular CamonpounsBosnbHoe

interaction Organic monolayer ocaxageHwue:

- N3 CNUPTOBbIX PAacTBOPOB

- U3 raszoBoun pasbl

Chemical reaction

«Pa3baBneHue»
d)yHKLIMOHaanbIX MOJ1eKyn
ankaHTuonamm l

Solid substrate : metal, semiconductor

YpoaneHue TMONOB C NMOBEPXHOCTMWU.

BOCCTaHOBUTEJIbHOE

AUSR + 1 e~ — Au (0) + RS~

Au(111)

OKUCIINTEIIbHOE

14
AuSR + 2H,0 — Au (0) + RSO™, + 3e” + 4H"



7.7

In Situ onTUYeckne meToabl

Furier-transformed
infrared spectroscopy
(FTIRS) — VIK-cnekTtpo-
ckonma ¢ dypbe-npe-
obpasoBaHnem

HenunHenHo-ontn4yeckne metoabl:

- second harmonic generation (SHG) —
reHepauus BTOPOU rapMOHUKN;

- surface enhanced Raman scattering
(SERS) — ycuneHHoe NoBEPXHOCTLIO

. KOMOMHaAUMOHHOE paccesiHue
Electromodulation H P

infrared spectroscopy MoagynaumoHHasa cnekTpocKkonus
(EMIRS) — c mogynsunen OTpaKeHUs (3NEKTPOOTPaXKEHME)
[NoTeHumnana
ANNuncomeTpums

Subtraction normalized PoTOANEKTPOHHES
infrared spectroscopy NHTepdepomeTpus oMncChA
(SNIFTIRS) — ¢ Hopmanu-
3auumen BblYUTaHUEM

MK Buanmas obnactb YO

200 — 4000 cm-1 350 — 800 H™m

15



NMpumep: SNIFTIRS
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7.8,7.9

Opyrue in situ meToab!

30HOOBbIE MeToAbI

STM — scanning tunneling microscopy (CkaHupyoLas TyYyHHeNnbHaa MUKPOCKOMNUS)
AFM — atomic force microscopy (aToMHO-cunoBass MMKPOCKOMUS)
PeHTreHOBCKasa cnekTpocKonus

EXAFS — extended X-ray absorption fine structure (meToq pacluMpeHHON TOHKOW
CTPYKTYPbl PEHTFEHOBCKOrO NOrmoweHmns)

XANES — X-ray absorption near edge structure (cnekTpockonus CTPYKTypbl
PEHTFEHOBCKOro NornoLweHna B0nmM3n nopora norsioweHuns)

kkkkkkkkkkkkkkkkkkkkkkkkkkkk

XRD, ND — X-ray and neutron diffraction (peHTreHOBCKasi U HEUTPOHHaA andpakuma)

DEMS — differential electrochemical mass-spectroscopy (anddepeHumnanbHas
ANEKTPOXMMUYECKAS MaCC-CNEKTPOMETPUS)

EQCM (EQCN) — electrochemical quartz crystal micro(nano)balance (kBapueBoe;,
MUKPO- TN HAHOB3BELLUMBAHUE)



intensity (arb units)

- G o e Mpumep: SXS

NHaoyumpoBaHHas
agcopbuven bpomnaa
PEKOHCTPYKUMS Au

(1)
|
Au [100] |
|

{hax}

18



NMpumep: EQCM, coaacopobuus [MpnbnmnxeHHOe COOTHOLIEHNE ANis
N3MEHEHNN PE30HAHCHOW 4YacTOThl

N MacCcChbl.

‘-‘% ! o Afp = _Af;:?ﬂf n
.1_\\:@\ _
N

@ 0,IMH 50,
Z=_ % 0,IMHSO,+10mM SiW12
Ob6paTnmas I

;'I [
agcopbuusa Cu Fofs

HeobpaTtumas agcopbumsa Siwi2

\ Falo B KaTnoHbl meau
Fad ] AHMWOHBI [SiIW ,0,,]* (SiW12)
L
i (b)
-:':}' TN

; : Coapgcopbuus
&~ 5 CumSiwi2

0,1M H,S0, + 10mM CuSO, ApaTtomMbl meau
0,IM H_SO, + 10mM CuSO, + 10mM SiW12 19



In situ 30HOOBLIE METOAbLI NPX BM3yanu3auun MOSEKYNSAPHbIX U 78

HaHOpa3MepPHbIX OOBEKTOB: NCKaXXeHUA (HenaeanbHOCTb 30HAA)

TyHHe.l'IbHaﬂ CMNEeKTPOCKOIuA.
JIOKaJibHOe€E ornpeaerneHne nposoanMoCT
B TYHHEJIbHOM 3a30pe

—const’ 1”,' I’,-r-yn Hﬂ,]{
IT},H —const- UT?H . e

20



BytaHTnon Ha Au(100)

HoMeHBI B crosx

TNUOJIOB.

ATtaHTMon Ha Au(111)

15x15 HMm?2

3 nm = 36 nm
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MoaenupoBaHue in situ STM- nsobpaxeHumn LMCTENH




Modern Aspects of Electrochem. V. 36(2003), p.51-130

Ab Imitio Quantum-Chemical Calculations
in Electrochemistry

Mare T. M. Koper

KnacTtepHble mogenu anekTpoaa

MoaenupoBaHue 3apsiga U NnoTeHUMana meTtanna

MoaenupoBaHMe xemocopoumm Ha 3apAXKeHHON NOBEePXHOCTU
MoaenupoBaHue agcopobuunmn n guccoumaTuBHoOm agcopobumm Boabl
Ab initio mogenupoBaHUue 3NeKTPOAHbIX peakuum

3arnpocsk! Ha nosnHbItU mekem: tsir@elch.chem.msu.ru

MoaenupoBaHue agcopounm n3s razosou cdasbl

NIC Series, V. 39, pp. 177-184, 2008

http://www.fz-juelich.de/nic-series/volume39 23




