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1. Mogenb cBOOOAHOro 3MEeKTPOHHOrO rasa.
2. Mogenb «xeney.

3. KnacTtepHbIiy noaxod K onncaHuto
NOBEPXHOCTU TBEPAbLIX Ter.

4. «[epunognyeckmne» pacyeTsbl.

5. Npumepbl MogennupoBaHUA pPas3nmnYHbIX
MeXdasHbIX rpaHuL.

6. [pobnembl MOgENMPOBAHUS
3aps>KeEHHOMN NOBEPXHOCTMN.



“CBeT 3TOT — NOpPoOXAeHbe TbMbl HOYHOMU,
OH OTHAN cUnbl y Hee CaMoM.
OH c Hen He cnaauT, Kak Obl HU XoTen,

Ero yaen — noBepxHoCTb TBepAbIX Ten...”

Goethe «Faust»



Monejb CBOOOTHOIO 3JIEKTPOHHOIO ra3a:
cepa ¢ NOTEHIMATBHON CTEHKOH
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paboTa Bbixoaa 3feKTpoHa
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Pe3ynbTaTbl «nepnognveckmx» pac4étoB MetoaomM (hyHKLUMOHanNa niaoTHOCTHU
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Fig. 2.2. Densities of state for the d band and the sp band at the Ag(111) surface.
Their integrals has been normalized to unity, and the Fermi level has been taken as
the energy zero.
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Moaeab «GKeJae»

Oynkuun CMura:

n(x) = %exp[—ﬁx], x>0

n(x)=n, exp(l —%exp[ﬁx], x<0

E  (n(x)) = min
B

B = AP



«Ileproan4ecKue» pacdeéThbl VS MOIEIb «KeJIe)

panu Ag B (au’)
(111) 0.80 (1.111)*
(110) 0.67 (1.12)
(100) 0.65 (1.125)

# pacyeTtbl B pamMKax Moaenu
«Kene»



3apsaa-u300pakeHrue:  CTaTUYeCKUM d(PhEKT
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3apsa-u300pakeHue: JUHAMUYECKAN A(PheKT

(B3aUMOJICHCTBHE C IIOBEPXHOCTHBIMHM IIJTA3MOHAMU )

€ 4aCTOTa NMOBEPXHOCTHbLIX NMNMa3MOHOB B MéeTarrse
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¢dpyHKumna MakgoHanbaa




[1Ba OCHOBHbIX KBAHTOBO-XMMMWYECKMX Noaxoaa
K OMMCaHUIO MOBEPXHOCTU TBép,EI,bIX Tes
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[IpenmyllecTBa KnacTepHoro nogxoaa.

1. TMOKOCTB.

2. BO3MOXHOCTb MCMNONb30BaHUA LLMPOKOro apceHana
METOO0B KBAHTOBOW XMMWUWN, CO34aHHOro Ang
PacCYETOB ANEKTPOHHOW CTPYKTYPbl MOJIEKYI.

3. INpo3payHasa nHTepnpeTaunsa pesynsTaToB
PACYETOB; MONEKYNSAPHO-0pbUTanbHbIN A3bIK.

4. BO3MOXXHOCTb MOAOENNPOBAHNSA 3apPAXKEHHbIX
CUCTEM.



OcHoBHbIe mMogenu NOBEpPXHOCTU MeTarlllla
B PaMKaX KriaCTepHOro noaxoana

Moenb MONEeKynsipHOro Krnacrepa

Moenb Norpy>KeHHoro Knacrepa MOZeEeSNb «OKYyHyBLUerocs" Knacrepa
(embedded cluster) (dipped cluster)



«BpoxaeHHble MoOpoKn» KnactepHon Moadenu noBePXHOCTH:

"...Surprisingly, however, cluster calculations
remain very popular in the literature."
R. Masel.

1. NMpobnema cxogMMoCTHn (3aBUCUMOCTb pe3ynbTaToB pacyéTa OT pas3mepa
Kractepa).

2. HeBO3MOXHOCTb MOAENMPOBAHNA «KONSTEKTUBHBLIX» adpdhbekToB (dopuaeneBCcKux
ocumnnaumMn 3apsnga v ap.)

3. Hannuue «uwienn» mexay BaneHTHON 30HOM 1 30HOW NPOBOANUMOCTU B
MeTannuyecknx Knacrepax.

4. HeBO3MOXHOCTb MoaesinpoBaHn4A I'IOBerHOCTHOIZ pernaKkcauunmn.

OHeprnsa aacopbLUOHHONM CBA3M aToMa BOOopoa, paccuMTaHHas ans
pPa3nNYHbIX KNacTepoB HUKENS.

Kitactep Ni,(3+1) | Ni,,(3+7+7) | Ni, (21+13+6) 9KCII.
AE . /xxanmmons’! 8.3 22.5 -10.5 23,




OcCHOBbI «NepnoanvYecKMx» pacyeToB

Y(r+a)=Y(r)
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ba3uc — mi1ockue BOJHEI:

lgi) _ ch (G)ei(k+G)r
G

k=(k,k,,k;)

[ — HOMED DJIEKTPOHHOT'O COCTOSTHUA

YcnoBue oOpe3aHus psija:

h? 5
E=—<(k+G) <E
2m



KoHTpoJIb 32 Ka4eCTBOM pPacy€éToB




[lpenctasneHue ncesgonoteHumanos (ECP)

U(r)= UL(F)+;)(UZ(F)_UL(F))})I

A\

P=1><]
U,(r)= ;dkrnk exp(—&krz)

XapaKTepuCcTUKKN. HENOKANbHOCTb, K MATKOCTbY, «XXKECTKOCTb»

YcnoBue: coxpaHeHne HopMbl (norm conserving ECP)

[



OUTPUT:

1. TlonHasa aHeprusa cucTtembl => 3HepPrum ceA3un

2. PacnpegerneHune anekTpoHHOM MNOTHOCTM.

3. OnTMMn3npoBaHHasi reoMeTpus.

4. [oBEpXHOCTHbIN CKA4YOK NoTeHuKnana, paboTa Bbixoaa.

5. [11OTHOCTU COCTOSIHUA.
MpoeKuus NNOTHOCTU (8) — 2 5(8 - 8 )
COCTOSIHMI Ha opbuTans ' pa — ng- gpa ]
apcopbara i

6. KoadhdpunumeHT NoBEPXHOCTHOIO HATAXEHUS.

O = 2S [Eslab —n Ebulk]
\ \
nnowaab NOBEPXHOCTU 3Heprus cynepsayemnku
cynepsiyenku KONMYeCTBO CIOEB B cynepsiyenke

3Heprus 06 LEMHOro Kpuctanna



PesynbTaThl, MONyYeHHbIE B paMKax «Nepunoanveckmx» pac4éToB METOO0oM
cyHKLUMOHaNa NNOTHOCTY

['panu W _/eV Vol /J m?
cepebpa

(110) 4.48 (4.52)% 0.74
(100) 4.63 (4.64) 1.2
(111) 4.93 (4.74) 0.83

& aken.



[lpenmyulecTBa «Neprnoanyeckmnx» pacyeTos:

1. KoppekTHOe onncaHme NoBEPXHOCTU TBEPObIX Ten,
OTCYTCTBUE «TPaHNYHbIX» 3 EKTOB.

2. BO3MOXHOCTb MOAENMPOBAHNUA PEKOHCTPYKLMN NMOBEPXHOCTU
N «KONNEKTUBHbLIX» 3P EKTOB.

3. No BSSE.

HepnocTtaTku:
1. HEBO3MOXXHOCTb «NPOCTOro» pacyeTa 3apsiKEHHbIX CUCTEM.

2. Vicnonb3oBaHue UCKNIYNTENbHO MeToda doyHKLMOoOHana
NIIOTHOCTW.

3. TepsieTcs (MK YCIOXHAETCS) MONEKYNAPHO-0pbuTanbHbIN
A3bIK.



NMpumepbl pacyéToB

Adsorption of water monomers on electrode surfaces

A. Michelides, Appl. Phys. A 85, 415 (2006)

Adsorption energies: —0.1eV to —0.4eV

Interaction strength: Au<Ag<Cu<Pd<Pt<Ru<Rh



Isosurfaces of the charge density difference
Ap = p(H20/Pt(111)) — (p(H20) + p(Pt(111)))

Blue: electron depletion, vellow: electron accumulation



Water bilayer structures

‘ H-down water bilayer on Pt(111) I ‘ H-up water bilayer on Pt(111) I
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Water-induced work function change

H-down water bilayer I ‘ H-up water bilayer I

e 2 e 2 )M

- - - -

EM29 — 487 meV 29 — 1450 meV
Ad = -0.23 eV AD = -2.27 eV

2 eV difference in work function change between H-down and H-up bilayers, but both
bilayers lead to a reduction in the work function of Pt(111), although dipole moments

of the two free bilayers have opposite signs




Pt(111) covered by water bilayers

Yoshihiro Gohda, Sebastian Schnur, Axel GroB, Faraday Diss. 140, in press.

| Geometric structure | Electronic structure |
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Local density of states (arb. units)
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Structure of a water bilayer and double bilayer on Pt(111) Energy e—e.(eV)
I

Pt(111) local d-band density of states

Electronic structure of Pt(111) hardly changed by the adsorption of water



Cluster model/DFT

Hydrophilicity row: Ga > Hg 2 Bi(111)

bismuth gallium mercury

dPPeKT ynpouyHeHUa BOAOPOAHLIX CBA3EU B crioe aacopbupoBaHHLIX
MOJeKyn BOALI UrpaeT BaXHYHO pornb.



H adsorption in the presence of a water overlayer

A. Roudgar and A. GroB, Surf. Sci. 597, 42 (2005)

Water structures on Pd/Au(111) | H adsorption energies I
LA SN LWL
| . 1 | L p i

HsU H jec H hep
HH 20 Emis Eada Eada

1/4 -0.308 -0.634 -0.592
1/3 -0.205  -0.606 -0.610
1/2 -0.419 -0582 -0.602
1 4-3.135 - -
3/4 -0.465  -0.561 -

2/3(b) -0.528 -0.633 -0.596
2/3(c) -0.499 - -
2/3(d) -0327 - .
0 - -0.690 -0.655

: H-0 ad ti ies in eV /H20 and H adsorpti
H2O structure: a) monomer and dimer, b) H-down bilayer (ice |h), 2&nEigizus.r?é;ﬂj“ft“gﬁlsgi::neiﬁ’;mzm ;: B -"iu?irflacn
= 1, :

c¢) H-up bilayer, d) half-dissociated bilayer

H adsorption energies only slightly changed by the presence of water I
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Bapbupyemasa KOHpUrypaLms peakUMOHHOTO Cnos
B peakuuax nepeHoca 3s51eKTpoHa




OcaxaeHme MOHOATOMHBIX ClloeB



In situ STM data

tert-butanethiol / Au(111)




Results of model calculations
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”i‘ In situ STM data
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Results of model calculations




In situ STM data

2-methyl-1-butanethiol / Au(111)




Results of model calculations

images



Three different forms of L-cysteiline

Molecular form

Zwitter ion exp1



Experimental data:

Cysteine adsorption on Au(110) elecrode
(in situ STM images)

0.0 2.02nm 0.0 2.6 nm
two spots

Main features:
- lattice structure

- sub-molecular resolution level
res



Three different forms of L-cysteiline

Molecular form

Zwitter ion exp1



DFT penodlcal slab calculations
&

a Cys zwitter ion

The most stable structure of a monolayer
of L-Cys molecules adsorbed on Au(110)



Reconstruction of charged surfaces: Pt(110) and Au(110)
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AY . Lozovoi and A. Alavi, Phys Rev. B 245416, (2003)



Explicit consideration of counter ions

E. Skilason, J. Rossmeisl, J.K. Ngrskov et al., PCCP 9, 3241 (2007).

Change of electrode potential by varying the number of protons/electrons in the double layer
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Excess H atoms are included in the water layer which results in the formation of
solvated protons in the water layer and transfer of electrons to the metal

Problem: only one water bilayer, protons confined to the first water bilayer, electrode
potential can vary along reaction paths



Specific adsorption of ions

11

Metal/gas
F->Cl” >Br >1
Metal/solvent:

, F <Cl <Br <I
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Adsorption of |- from aqueous solution at Pt(111)
(MD simulations; Perera and Berkowitz, 1994)
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