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Preface
The School’s primary objective is to convey the state of the art in modern surface science and demon-

strate theoretical and experimental ability to study single atoms or molecules adsorbed on solid state
surfaces. First and Second Schools were successfully held in Veliky Novgorod and Khosta (Sochi) in
2011 and 2012, correspondingly. Third School will also demonstrate multiple roles of a scanning probe
microscope operating at cryogenic temperatures and in ultrahigh vacuum, the main experimental tool
at the atomic scale. It can be used not only as an extremely high resolution microscope but also as a
multipurpose spectrometer to study the electronic, vibrational and spin states of a designated object with
atomic resolution.

All School’s lecturers, both Russian and International, are leading figures in their respective parts
of surface science. Lecture topics center around surface magnetism, model catalysis, surface phase
transitions, quantum informatics, superconductive and strongly correlated systems, and low dimensional
systems including carbon nanomaterials. The School is organized as a 7-day workshop in which lectures
alternate with participants’ own presentations.

Organizers
Prokhorov General Physics Institute RAS and Sochi State University.

Program committee
Prof. Konstantin N. Eltsov (Prokhorov General Physics Institute RAS, Moscow, Russia);
Prof. Alexander A. Saranin (Institute for Automation and Control Processes FEB RAS, Vladivostok,

Russia);
Prof. Shuji Hasegawa (University of Tokyo, Department of Physics, Japan);
Prof. Markus Morgenstern (Physikalisches Institut B and JARA-FIT, RWTH Aachen University,

Germany);
Prof. Dimitri Roditchev (University Paris 06, Institute of Nanoscience, France).

Organizing committee
Chairman: Prof. Konstantin N. Eltsov (Moscow);
Members: Dr. Boris V. Andryushechkin (Moscow); Dr. Vladimir M. Shevlyuga (Moscow); Prof. Nina

M. Pestereva (Sochi); Dr. Larisa V. Dykhnenko (Berlin);
Secretary: Dr. Tatiana V. Pavlova (Moscow).

Sponsors
Russian Academy of Science;
Russian Foundation for Basic Research;
Dynasty Foundation;
SPECS Surface Nano Analysis GmbH;
INTERTECH Corporation;
Bruker Ltd.;
SemiTEq JSC;
Nytek Instruments;
R&D company "Sigma Scan Ltd".

ii



Book of abstracts SSS TMAS 2013

Conference Program

Invited talks 1
1 Fluorescent metal nanodots as a special class of nanoobjects

Alexei I. Kononov

2 Chemistry of discharge and recharge of Li-air battery: operando XPS studies
L.V. Yashina

3 Spin filter effect in ferromagnetic/semiconductor structures: towards an optical spin-detection
with spatial resolution
O.E. Tereshchenko, A.S. Jaroshevich, D.V. Dmitriev, A.I. Toropov, X. Li, Y. Lassailly, D. Paget,
J. Peretti

4 Interface architecture and electronic structure of novel graphene-based systems
D.Yu. Usachov, A.V. Fedorov, O.Yu. Vilkov, D.V. Vyalikh

5 Rashba Splitting in Monolayers of Au, Cu on a W(110) Substrate
A.G. Rybkin

Oral students’ session 6
6 Temperature-dependence of the surface conductance of the Si(111)7x7 measured by four-

point probe technique
A.B. Odobescu, S.V. Zaitsev-Zotov

7 Photoluminescence and Raman spectroscopy of narrow graphene nanoribbons
Alexander I. Chernov, Pavel V. Fedotov, Alexandr V. Talyzin, Inma L. Suarez, Ilya V. Anoshkin,
Albert G. Nasibulin, Esko I. Kauppinen, Elena D. Obraztsova

Poster students’ session 8
8 Separation of Single-Wall Carbon Nanotubes by Polymer-Modified Aqueous Phases

P.V. Fedotov, A.I. Chernov, E.D. Obraztsova

9 DIMENSIONAL AND THERMO-INDUCED EFFECTS IN RAMAN SPECTRA OF MULTI-
WALL CARBON NANOTUBES
S.N. Bokova-Sirosh, V.L. Kuznetsov, A.V. Ishchenko, S.I. Moseenkov, M.A. Shuvaeva, E.D.
Obraztsova

10 Synthesis and electronic structure of graphene heavily doped with boron
K.A. Bokai, A.V. Erofeevskaya, A.S. Vopilov, D.Yu. Usachov

11 Atomic structure of gold intercalated graphene on Ni(111): STM study
S.L. Kovalenko, V.Yu. Yurov, B.V. Andryushechkin, K.N. Eltsov

12 Modification of spin structure of π - states of graphene under contact with heavy metals (Bi,
Au, Pt) and their joint intercalation
E.V. Zhizhin

13 Electronic and spin structure of topological and trivial surface states of thermoeffective topo-
logical insulator Bi2Te2.4Se0.6
I. Klimovskikh

14 Edge superconductivity in Nb thin film microbridges
R. Werner, A.Yu. Aladyshkin, I.M. Nefedov, A. Putilov, M. Kemmler, D. Bothner, A. Loerincz,
K. Ilin, M. Siegel, R. Kleiner, D. Koelle

15 A van der Waals corrected DFT study of the chlorine adsorption on Au(111) and Ag(111)
V. Zheltov, B. Andryushechkin, G. Zhidomirov, K. Eltsov

iii



Book of abstracts SSS TMAS 2013

16 Dissociative adsorption and thermal desorption of chlorine on Cu(111) surface
Tatiana V. Pavlova, George M. Zhidomirov, Konstantin N. Eltsov

Index of Authors 17

iv



Fluorescent metal nanodots as a special class of nanoobjects 

 

Alexei I. Kononov 

Faculty of Physics, Saint-Petersburg State University, Ulianovskaya 1, Saint-Petersburg, 

198504 (Russia), e-mail: alexei.kononov@pobox.spbu.ru 

 

Fluorescent nanoclusters attract much attention as a promising tool for bioimaging and 

chemical sensing. Owing to their high sensitivity to environment, fluorescent nanoclusters are 

expected to find much applications in analytical chemistry and biology. Their high brightness and 

photostability also open many opportunities for various photonic applications. A large variety of 

strongly luminescent complexes of metal clusters with polymers, especially DNA-stabilized silver 

nanoclusters [1], have been reported last decade. A comparison of different approaches for the 

unique optical properties of polymer-stabilized metal nanoclasters will be reported. The focus will be 

paid to the molecular-like model in describing the absorption and emission properties of the clusters. 

Their electronic states may be treated as discrete energy levels leading to essentially different optical, 

electrical and chemical properties from nanoparticles and bulk metals. The main spectral features of 

the clusters such as easy tuning by the DNA base sequences, and large spectral broadening may be 

explained in the frame of molecular-like behavior of the emitters using the threadlike model [2]. 

The following points concerning chemical and physical properties of the clusters will be 

reported in the lecture: 

1) Preparation of the clusters stabilized by polymer molecules 

2) DNA-stabilized silver clusters 

3) Structure and spectral properties of the clusters: experimental studies 

4) Structure and spectral properties of the clusters: quantum chemical methods 

5)  Visualization of the clusters using confocal, STM, and tip enhanced scanning microscopy 

This lecture will focus on the recent advancement of the methods available for the 

immobilization of the clusters on silicon, graphite, and graphene substrate using DNA by different 

interactions (covalent or non-covalent and insertion of DNA through graphene nanopore or 

nanogap), various types of assemblies, and future prospects. Furthermore, the various potential 

applications of the resulting new nano DNA-clusters hybrid materials are also highlighted. 

   

 

1. S. Choi, R. M. Dickson and J. Yu, Chem. Soc. Rev., 2012, 41, 1867–1891. 

2. R. R. Ramazanov, A. I. Kononov, J. Phys. Chem. C, 2013, Article ASAP, DOI: 

10.1021/jp404758j. 
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Chemistry of discharge and recharge of Li-air battery:  
operando XPS studies 

 
L.V. Yashina 

 

Highly demanded efficient energy storage is associated with lithium-air batteries. 

Power sources that utilize the reaction of lithium and oxygen have become a great 

challenge since first works in 1996 [1]. Today lithium-air batteries (LAB) attract new 

wave of attention due to its promise to provide more than 1 kWh/kg and skyrocketing 

expansion of electric vehicle market [2]. However practical use of LAB is limited by 

low round-trip efficiency associated with slow kinetics of oxygen reduction on 

discharge, oxygen evolution on charge and variety of side reactions. Further 

development requires understanding of the mechanisms driving the electrochemical 

reactions at the positive electrode. Nowadays efforts are focused on different carbon 

electrode materials.Recently it was demonstrated that carbon electrodes could hardly 

provide conditions for truly reversible reactions and efficient battery operation [3]. 

Rather contradictory data showing very high recharge efficiency and cycleablity of a 

battery with carbon electrode was also published last year [4]. In general, the lack of 

rechargebility is associated with Li2CO3 byproduct formation.It appears at the cathode 

due to lithium superoxide (electrochemical intermediate) or peroxide (discharge 

product) reactions with the carbon (electrode material). Advanced operando analysis 

of the processes at the cathode is highly useful in order to resolve such situations and 

facilitate the search of proper electrode materials [5]. Using operando high pressure 

XPS experimentswe show that superoxide radicals generated at the cathode 

during discharge react with carbon that contains activated double bonds or 

aromatics to form epoxy groups and carbonates, which limits the 

rechargeability of Li−O2 cells. Carbon materials with a low amount of 

functional groups and defects demonstrate better stability thus keeping the 

carbon will-o’-the-wisp lit for lithium−air batteries. 

 
 

1.K. Abraham, Z. Jiang A Polymer Electrolyte Based Rechargeable Lithium/Oxygen Battery // Journal 

of The Electrochemical Society - 1996 - 143   

2.G. Girishkumar, B. McCloskey, S. Swanson, W. WilckeLithium Air Battery: Promise and 

Challenges // Journal of Physical Chemistry Letters; 2010; 1(14) 

3. Z.Peng, S.A.Freunberger, Y.Chen, P.G.BruceA Reversible and Higher-Rate Li-O2 Battery // 

Science 337, 563;566 (2012).    

4.H.-G. Jung, J. Hassoun, J.-B. Park, Y.-K. Sun, B. ScrosatiAn improved high-performance lithium-

air battery // Nature Chemistry; 2012;  

5. D. M. Itkis, D.A. Semenenko, E.Yu. Kataev, A.I. Belova, V.S. Neudachina, A.P. Sirotina, M. 

Hävecker, D. Teschner
§\

, Axel Knop-Gericke, P. Dudin, A. Barinov, E.A. Goodilin, Y. Shao-Horn, 

L.V. YashinaReactivity of carbon in lithium-oxygen battery positive electrodesNano Letters2013 

DOI: 10.1021/nl4021649 
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Тема, Тип, UID 

 1 

Interface architecture and electronic structure of novel graphene-based systems 

D.Yu. Usachov
1
, A.V.

 
Fedorov

1
, O.Yu. Vilkov

1
, D.V. Vyalikh

2
 

1 
Faculty of Physics, St. Petersburg State University, 198504, St. Petersburg, Russia 

2 
Institute of Solid State Physics, Dresden University of Technology, 01062 Dresden, Germany 

 

Due to unique electronic properties graphene became a perspective material for 

future electronics. However, low concentration of charge carriers and zero band gap 

of pure graphene prevent it from direct use in electronic devices. Therefore, many 

research efforts are focused at the elaboration of methods for inducing a band gap in 

graphene and manipulating charge carriers type and concentration. We have 

demonstrated that chemisorption of atomic hydrogen on graphene, gives rise to 

changes in the electronic properties and induces a gap in graphene's electronic 

structure [1-2]. Another promising approach for modifying the electronic properties 

of graphene is doping with heteroatoms. We have developed reliable procedures for 

graphene doping with boron or nitrogen atoms, which allows to select p- or n-type 

conductivity and control charge carriers concentration [3,4]. Here we discuss the 

dependence of the electronic doping effect on the dopant concentration and 

demonstrate the impact of graphene defects on the charge transfer from impurities to 

graphene. Also the conditions for effective inclusion of impurities into graphene and 

for interconversion between different bonding configurations are discussed. 

The other successful method for tuning the properties of graphene and its 

interface with the substrate is intercalation of different atoms underneath graphene. It 

provides possibility for varying of the strength of graphene bonding to substrate and 

allows tuning of the substrate composition and properties due to controlled alloying 

of intercalated atoms with the substrate material [5]. We demonstrate this approach 

by several recent examples, including formation of graphene contacts with different 

metal silicides, widely used in the silicon-based electronics. These results may 

provide a further step towards integration of graphene devices with the existing 

silicon technology. 

This work was supported by the President's grant MK-3303.2012.2, BMBF 

grant No. 05K12OD3, RFBR grant 11-03-00752 and SPbSU grant 11.37.634.2013. 

 

[1] D. Haberer, C.E. Giusca, Y. Wang, H. Sachdev, A.V. Fedorov, M. Farjam, S.A. Jafari, D.V. Vyalikh, D. 
Usachov et al., Adv. Mater. (2011) 23, 4497. 

[2] D. Haberer, L. Petaccia, Y. Wang, H. Quian, M. Farjam, S. A. Jafari, H. Sachdev, A. V. Federov, D. Usachov, 
D. V. Vyalikh et al., Phys. Status Solidi B (2011) 248, 2639. 

[3] D. Usachov et al., Nano Lett. (2011) 11, 5401. 

[4] Д.Ю. Усачёв и др., ФТТ (2013) 55, 1231. 

[5] O. Vilkov, A. Fedorov, D. Usachov et al., Sci. Reports (2013) 3, 2168. 
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Rashba Splitting in Monolayers of Au, Cu on a W(110) Substrate 

A.G. Rybkin, St. Petersburg State University, Ulyanovskaya 1, St. Petersburg, 198504 Russia 

Recently discovered effects of induced spin-orbit splitting of states in adsorbed layers of light 

metals under contact with heavy metals expand the list of metals which can be used in 

spintronics [1-4]. However, the factors responsible for this effect and value of spin-orbit splitting 

were not well understood up to now. In particular, the spin- and angle-resolved photoemission 

experiments of Au and Ag monolayers on W(110) have been analyzed recently by density 

functional calculations [5]. The spin-dependent dispersions of the formed in-gap states and their 

spin-orbit splittings have been calculated in Ref. 5 resulting in good agreement with the 

experiment [1]. The authors connected the higher value of the experimentally observed spin-orbit 

splitting for the Ag monolayer in comparison with that for the Au monolayer on W(110) with a 

higher asymmetry of the wave functions formed at the surface (Ag and Au) atoms. 

The present work is devoted to a theoretical and experimental investigation of influence of 

spin-orbit coupling on the spin structure of the hybrid states formed in two-component layered 

systems consisting of metals with different atomic numbers: monolayers of Au and Cu on 

W(110). It will be shown that contact of Au and Cu with heavy metal leads to the induced spin-

orbit splitting of the formed states, but which does not correlate with the atomic number of the 

deposited metal and is even higher for Cu than for Au. Calculations of the electronic structure 

including spin-orbit interaction will be analyzed for the W(110) surface separating the 

contributions of the W 5d- and 6p-derived 

states from different W layers as well as the 

Au 5d-, 6p-, Cu 3d- and 4p-derived states 

of deposited metals. The analysis 

performed with density functional theory 

calculations will reveal that the 

contributions of the spin-orbit interaction 

from W and Au act in opposite directions 

that leads to a decrease of the resulting 

spin-orbit splitting in the Au monolayer on 

W(110). It will be concluded that the main 

factor responsible for their large spin-orbit 

splitting is the nuclear potential gradient of 

W probed by the corresponding hybrid 

wave function at the interface. 

 
[1] A. M. Shikin, A. Varykhalov, G. V. Prudnikova, 

D. Usachov, V. K. Adamchuk, Y. Yamada, J. D. 

Riley, and O. Rader, Phys. Rev. Lett. 100, 057601 

(2008). 

[2] A. Varykhalov, J. Sánchez-Barriga, A. M. 

Shikin, W. Gudat, W. Eberhardt, and O. Rader, 

Phys. Rev. Lett. 101, 256601 (2008). 

[3] A.G. Rybkin, A.M. Shikin, V.K. Adamchuk, D. 

Marchenko, C. Biswas, A. Varykhalov, O. Rader, 

Phys. Rev. B 82, 233403 (2010). 

[4] A.G. Rybkin, E.E. Krasovskii, D. Marchenko, 

E.V. Chulkov, A. Varykhalov, O. Rader, A.M. 

Shikin, Phys. Rev. B 86, 035117  (2012). 

[5] W. Hortamani, R. Wiesendanger, Phys. Rev. B 

86, 235437 (2012). 

 

 

 
 
Fig. Experimental – (a) and theoretical dispersion 

dependences – (b) formed in monolayer of Au on W(110) 

which show the value and the sign of the resulting induced 

spin-orbit splitting of the formed hybrid states in 

comparison with the calculations with switching-off the 

spin-orbit coupling alternatively in Au – (c) and W – (d) 

showing the different sign of the contributions from Au and 

W. Blue and red colors identify the contributions of the 

d3/2- and d5/2-states, correspondingly. 
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Photoluminescence and Raman spectroscopy of narrow graphene nanoribbons  

 

Alexander I. Chernov, Pavel V. Fedotov, Alexandr V. Talyzin
2
, Inma L. Suarez

1
, Ilya 

V. Anoshkin
3
, Albert G. Nasibulin

3
, Esko I. Kauppinen

3
, Elena D. Obraztsova

1 

 
1
 A.M. Prokhorov General Physics Institute, RAS, 38 Vavilov str., Moscow, Russia, 

119991 
2
 Department of Physics, Umeå University, S-90187 Umeå, Sweden 

3
 Department of Applied Physics, Aalto University School of Science, P.O. Box 15100, FI-00076, 

Espoo, Finland 

 

Narrow graphene nanoribbons (GNRs) with the width below 1.3 nm have been synthesized using 

confined polymerization and fusion of coronene molecules inside single-walled carbon 

nanotubes (SWCNTs).
1
 In contrast to graphene, GNR can be a semiconductor with a large band 

gap. We have identified the photoluminescence response from the narrow GNRs.
2
 According to 

our experimental results the band gap of the narrow GNRs can reach up to 2eV. The band gap of 

the GNR depends on its width and shape. Novel material GNR@SWCNTs has been studied by 

photoluminescence (PL) and Raman spectroscopies.
2, 3

 GNR@SWCNTs simultaneously emit in 

two spectral regions. New spectral features corresponding to GNRs were detected by PL in the 

visible range (Figure 1). In the IR range we detect various shifts in emission and excitation of the 

SWCNT peak positions depending on their geometry.
3
 Radial breathing modes of 

GNR@SWCNTs demonstrate significant shifts (up to 10 cm
-1

) in comparison to pristine 

SWCNTs. Additional components within the 2D line of SWCNTs were identified after the 

formation of GNRs. 

The work was supported by RFBR grants 13-02-01354, 12-02-31581, RAS research projects and 

SP-7362.2013.3. 

 

 
Figure 1 HRTEM image of SWCNTs with GNRs formed inside and photoluminescence contour 

plot in the visible range of GNRs@SWCNTs.  

 

 
1 

A. V. Talyzin, I. V. Anoshkin, A. V. Krasheninnikov, R. M. Nieminen, A. G. Nasibulin, 

H. Jiang, and E. I. Kauppinen, Nano Lett. 11, 4352 (2011). 
2 

A. I. Chernov, P. V. Fedotov, A. V. Talyzin, I. Suarez Lopez, I. V. Anoshkin, A. G. 

Nasibulin, E. I. Kauppinen, and E. D. Obraztsova, ACS Nano 7, 6346 (2013). 
3 

P. V. Fedotov, A. I. Chernov, A. V. Talyzin, I. V. Anoshkin, A. G. Nasibulin, E. I. 

Kauppinen, and E. D. Obraztsova, Journal of Nanoelectronics and Optoelectronics 8, 16 

(2013). 
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Separation of Single-Wall Carbon Nanotubes by Polymer-Modified Aqueous Phases  

P.V. Fedotov, A.I. Chernov, E.D. Obraztsova 

1
 A.M. Prokhorov General Physics Institute, RAS, 38 Vavilov str., Moscow, Russia. 

fedotov@physics.msu.ru 
  

Single-wall carbon nanotubes (SWNTs) are one of the most exciting materials today. They 

appeared to be extremely useable in various fields of applications. One of the most attractive 

applications is utilizing nanotubes as a material for future nanoelectronics and optoelectronics. 

The ultimate mechanical, chemical and physical properties of SWNTs, basically, their stability 

upon various stress and a specific quasi-one-dimensional electronic structure and a tunability of 

their properties, make them perfect candidates for such high tech application areas. A high 

homogeneity of electronic and optical properties appears to be one of the main requirements for 

SWNTs. If one would like to apply nanotubes in nanoelectronics or optoelectronics a cheap and 

robust method of producing SWNTs with a high purity and a high homogeneity should be 

developed.  

A SWNT separation by polymer-modified aqueous phases is a novel method of easy and cheap 

high quantity nanotubes separation [1]. By means of this method, one can reach a high purity 

SWCNT separation by a simple mixing of two polymers (PEG and Dextran) and an aqueous 

suspension of nanotubes with a proper amount of surfactants (SDS and SC). These polymers tend 

to form two aqueous phases spontaneously (concentrations of PEG and Dextran are about 8w/w 

% each). SWNTs are involved in the process of polymer phase formation and tend to gather in 

the first or second polymer according to their hydrophobic properties.      

In this work we tried to separate HiPCO SWNTs into metallic and semiconducting fractions. To 

carry out such separation one needs to determine and mix the compounds in exact proportions. 

Interestingly, by adding a considerably small amount of SC, it is possible to shift equilibrium in 

the way that nanotubes move from the top phase to the bottom phase.  The process of polymer 

phase formation should be carried out at about 90 C and it takes only 10 minutes. After the 

accomplishment of phase formation, the tube looks colored if SWNTs are separated (Fig. 1). 

According to the absorption spectra (Fig. 2) even after the first circle of separation the purity of 

m-SWNT is very high (over 80%) and the purity of s-SWNT is extremely high (over 99%). It is 

very easy to improve further the purity by a 

simple introduction of the separated fraction 

into the beginning of the new separation 

circle.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The work was supported by RFBR-13-02-01354 and RFBR-13-02-12181. 
 

[1] C.Y Khripin, J.A. Fagan, and M. Zheng, J. Am. Chem. Soc. 2013, 135, 6822−6825. 

Fig.2. Absorption spectra of separated SWNT: metallic 

(blue), semiconducting (red) and initial fraction (black). 

Fig.1. A plastic tube with separated 

SWNTs: metallic – on the bottom, 

semiconducting - on the top. 
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DIMENSIONAL AND THERMO-INDUCED EFFECTS IN RAMAN SPECTRA 

OF MULTI-WALL CARBON NANOTUBES 

 

S.N. Bokova-Sirosh
1
, V. L. Kuznetsov

2,3
,  A. V. Ishchenko

2
, S.I. Moseenkov

2
, M.A. 

Shuvaeva
2,3

, and E.D. Obraztsova
1 

1 
sofia@kapella.gpi.ru, A.M. Prokhorov General Physics Institute RAS, 38 Vavilov str., 119991, 

Moscow, Russia 
2
 Boreskov Institute of Catalysis SB RAS, Lavrentieva ave. 5, Novosibirsk, 630090, Russia 

3 
Novosibirsk State University, Pirogova ave. 2, Novosibirsk, 630090, Russia 

 

For the study of many nanoscale structures the method of Raman spectroscopy has been 

successfully used. This method is very efficient for diagnostics of various forms of carbon 

nanomaterials, such as single- and double-wall nanotubes, graphene, ultrafine nanodiamonds, 

etc. This paper presents the results of research possibilities of Raman spectroscopy for the study 

of multi-wall carbon nanotubes. The investigation of size and thermo-induced effects (effect of 

heating on the structure and process of carbonization) in the Raman spectra of multi-wall carbon 

nanotubes has been analyzed. 

The Raman spectra were registered using “Jobin-Yvon S-3000” micro-spectrometer. 

Spectra were excited with the laser line with a wavelength of λ = 514,5 nm at low laser power to 

avoid heating. In the Raman spectra we have revealed the changes corresponding to the structure 

and characteristic modifications of materials. The basic attention has been paid to D (disorder-

induced), G (graphite) and 2D (two-phonon scattering)-bands in the Raman spectra. 

 

 

This research was partially supported by the RAS research programs and RFBR 13-02-90715 

mol_rf_nr.  
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Atomic structure of gold intercalated graphene on Ni(111): STM study 

S.L.Kovalenko, V.Yu.Yurov, B.V.Andryushechkin, K.N.Eltsov 

A.M.Prokhorov General Physics Institute of Russian Academy of Sciences 

 

 

This work was aimed at the atomic-scale investigation of the of gold intercalated 

graphene on Ni(111). Graphene monolayer was grown on Ni(111) by decomposition of propene 

gas (p=2 ×10
-5

Torr) at sample temperature of 600 °C. As a result, most area of the Ni(111) 

surface becomes covered of the epitaxial graphene monolayer, as follows from our LEED,STM 

measurements and characteristic Auger spectra. The major part of the surface area is covered by 

(1×1) graphene, however in some areas moire-like superstructures were detected which 

correspond to graphene sheets rotated with respect to the Ni(111) surface. 

Evaporation of 0.5 monolayer of gold onto Gr/Ni(111) surface was performed at room 

temperature. STM images reveal appearance of the islands(diameter 50-100 Å, height 20-50Å) 

associated by us with gold. The intercalation was done by annealing this system at the 

temperatures up to 350-550°C during several hours.  

STM images of intercalated graphene shows flat islands with a triangular superstructure 

(characteristic for the Au/Ni(111) reconstruction) and the atomic structure corresponding to the 

lattice of graphene. Moreover, the graphene lattice on the intercalated islands appears to be 

rotated with respect to the Ni(111) lattice by the angle of 15-20 degrees. It is worth noting, that 

surface areas covered with (1×1) graphene remain intact even after long annealing. 

Thus, we have found out that at low gold coverage (0.5 ML) the intercalation process 

takes place only on rotated graphene sheets. Further investigations are required to clarify the 

mechanism of the intercalation at higher gold coverages. 
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Тема, Тип, UID 

Modification of spin structure of π - states of graphene under contact with heavy 

metals (Bi, Au, Pt) and their joint intercalation 
 

Zhizhin E.V. 

Saint-Petersburg State University, Saint-Petersburg, Russia 

Evgeniy.Zhizhin@spbu.ru 

 

Exploration of spin and electronic structure of various nanostructured systems have attracted 

increasing interest in recent years due to wide application in Spintronics. Typically, the valence 

band states of graphene are characterized by the negligible value of the spin splitting [1]. However, 

the results of our investigations show that the intercalation of heavy metals (Au) underneath a 

graphene monolayer leads to the anomalously large effects of induced spin-orbit splitting of the π-

states of graphene [2-6]. Recently we have shown that synthesis of graphene on Pt(111) is also 

followed by enhanced spin orbit splitting of the graphene π-states. In both these cases an electronic 

structure is formed characteristic for free-standing graphene with linearity of π-states of graphene in 

the region of the K-point of the Brillouin zone. It is assumed that the effect of the induced spin-orbit 

splitting is developed due to hybridization of the π-states of graphene with d-states of Au and Pt and 

the formation of the hybridized (π-d)-states [2-6], and is related to influence of a high intra-potential 

gradient characteristic for atoms of Au and Pt, as heavy metals. As a result, in the region of the 

linearity of the dispersion dependences of π-states of graphene near the K point the Brillouin zone 

the induced spin splitting of -state of graphene under contact with Au and Pt can reach the value of 

about 100 and 60 meV, respectively [3,5].  

Thereat, if to intercalate Bi atoms underneath a graphene, any visible splitting cannot be 

resolved in the experiment. Bi and Au have essentially different structure of the valence band. Bi is 

characterized by the sp-valence band structure, i.e. the lack of valence d-electrons, which should 

condition for the high value of the spin-orbit splitting.  

 In addition to comparative study of influence of contacts graphene with different heavy 

metals (Bi,Au,Pt) the presented investigation is devoted to study modification of the induced spin-

orbit splitting of the π-states under joint intercalation of Au and Bi underneath a graphene [6].  

The modification of spin electronic structure under contact with (Bi,Au,Pt) and joint 

intercalation of Bi and Au has been studied by spin- and angle-resolved photoemission of the 

valence band electron structure (ARPES and SARPES) and core level photoemission spectra. The 

main factors responsible for the induced spin-orbit splitting modification under contact of graphene 

with heavy metals (Bi,Au,Pt) and their joint intercalation will be discussed and analyzed. 
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It is well known that so-called surface or bound 
states can be generated by the presence of boundaries 
in a material. For example, the formation of surface 
states for a single electron wave function in a semi-
infinite crystalline lattice due to the modification of the 
boundary conditions was described by Tamm and by 
Shockley. Other examples of bound states are surface 
plasmons and surface acoustic waves. The formation of 
surface bound states for the superconducting order-
parameter wave function was considered by Saint-
James and de Gennes [1]. They demonstrated that su-
perconductivity in a semi–infinite sample with an ideal 
flat surface in the presence of an external magnetic 
field H parallel to its surface can survive in a thin sur-
face layer, even above the upper critical field Hc2, when 
bulk superconductivity is completely suppressed. Based 
on the phenomenological Ginzburg–Landau theory, the 
critical field Hc3 for surface superconductivity, localized 
near superconductor/vacuum or superconduc-
tor/insulator interfaces, can be calculated as 

 

1.695Hc2≃Hc3=Hc3(0)(1−T/Tc0) 
 

where Hc3(0) is the upper critical field for surface su-
perconductivity at temperature T=0, and Tc0 is the su-
perconducting critical temperature for H=0. 

In our report based on ref. [2] we investigate transi-
tions between normal state, edge and bulk supercon-
ductivity of a thin film Niobium microbridge in a per-
pendicular magnetic field. We use both electric 
transport measurements and low-temperature scan-
ning laser microscopy (LTSLM). In particular, in the 
LTSLM method the bridge is placed in a magnetic field 
H and biased at a constant current I. Then the laser 
focus beam locally increases the sample temperature, 
probably destroys superconductivity and thus induces 
voltage signal. The LTSLM voltage signal as a function of 
the beam coordinates can be interpreted as follows: if 
the irradiated part of the sample was in the normal 
state, the laser beam induces a negligible voltage sig-
nal. However if the irradiated part of the bridge trans-
fers a substantial part of the superconducting currents, 
the beam-induced suppression of superconductivity 

switches the whole sample from a low-resistive state to 
a high-resistive state. 

We observe that at H≤Hc2 the LTSLM signal at the 
edges of the bridge is enhanced in comparison with a 
signal from the inner part. It can be attributed to the 
depletion of bulk superconductivity with increasing H 
below Hc2. The pronounced edge signal can be ex-
plained by the suppression of the edge barrier for vor-
tex entry/exit by the laser spot. For fields H>Hc2, the 
beam-induced voltage in the center of the bridge drops 
almost to zero while large peaks are still observed at 
the edges of the bridge. This apparently reflects that 
the bulk is no longer superconducting while the edges 
still contribute to a strong signal. 

To explain our results and describe the resistive 
state of a mesoscopic superconducting thin film sample 
in a perpendicular magnetic field we use a simple time–
dependent Ginzburg–Landau model and corresponding 
boundary conditions. Our numerical simulations yield 
the spatial distribution of the order parameter and cur-
rent density for different I and H values. We model the 
effect of the laser beam focused on the certain position 
on the dc sample’s resistance, assuming a Gaussian-like 
shape of the laser-beam-induced increase in a local 
temperature. These simulations are consistent with 
experimental results and they confirm our interpreta-
tion of LTSLM signal. 
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and 13-02-97084), Russian Academy of Sciences under 
the Program ‘Quantum physics of condensed matter’, 
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tion (project 8686), Deutsche Forschungsgemeinschaft 
(DFG) via grant no. KO 1303/8-1. 
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A van der Waals corrected DFT study 

of the chlorine adsorption on Au(111) and Ag(111) 

V. Zheltov , B. Andryushechkin , G. Zhidomirov , K. Eltsov 

A.M. Prokhorov General Physics Institute of Russian Academy of Sciences, Moscow, Russia 

        E-mail: zheltov@kapella.gpi.ru 

Chlorine is an important element in promoting oxidation on noble metal surfaces. 

According to our STM measurements, chlorine forms chain-like structures on Au(111) and 

Ag(111) at submonolayer coverages (θ<0.1 ML).  In the contrast to the case of the 

(√3×√3)R30°structure (0.33 ML) characterized by the Cl-Cl distance of 5.0 Å, we detected 

abnormally short distances of 3.8 Å on Au(111) and 4.5 Å on Ag(111) within the chains at low 

coverages.  

Van der Waals (vdW) interactions can influence on formation of such chain structures. 

In this work we present a density functional theory (DFT) study of the Cl adsorption on Au(111) 

and Ag(111) using semi-empirical vdW correction of Grimme (DFT-D2) [1]. 

 As a result in case of Cl adsorption on Au(111), the vdW corrected DFT calculations 

have shown stabilization of single Cl adsorption at the bridge site with respect to the hcp site and 

also of pair Cl adsorption at the short distance (fcc-bridge with respect to fcc-fcc). Increase of 

attractive interaction energy at the short distance was detected.  Also the formation of the chains 

has been tested. We calculated tree structures of four Cl atoms (fig. 1).  

        Eads, eV/atom 

      Cl structure           PBE            PBE-D2 

      

-0.911 -1.052 

 

-0.909 -1.058 

      

-0.913 -1.071 

Fig.1 Adsorption energies of different Cl structures on  Au(111). 

The vdW corrected DFT calculations have shown stabilization of Cl chains with the short 

distances (fig. 1c) in good agreement with the experimental data. 

In case of Cl adsorption on Au(111), the vdW corrected DFT calculations have shown 

stabilization of single Cl adsorption at the fcc site with respect to the hcp site. Also increase of 

attractive interaction energy at the short distance was detected.   

Thereby, vdW corrected DFT calculations have shown significant influence of vdW 

interaction on Cl chain formation on Au(111) and Ag(111). Obtained results are in good 

agreement with the experimental data. 

 

1. S. Grimme, J. Comp. Chem. 27, 1787 (2006). 

 

(a) 

(b) 

(c) 
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Dissociative adsorption and thermal desorption of chlorine on Cu(111) surface

Tatiana V. Pavlova, George M. Zhidomirov, Konstantin N. Eltsov

A.M. Prokhorov General Physics Institute, RAS, Moscow, Russia

In the present moment the main mechanisms of gas adsorption and desorption on solid surface

are well known, but the dynamic of the reactions on atomic scale is remain insufficiently studied. In

particular, the features in the thermal desorption spectra are usually explained by different adsorption

positions of atoms and/or molecules, but the relation between them is not clarified enough. Reaction

of Cu(111) surface chlorination is good for investigation of this problem because the atomic structures

are known [1] and preliminary results of thermal desorption experiments are obtained [2]. Therefore

the theoretical study of Cu(111) surface chlorination is the subject of the present work.

All calculations were carried out on the base of the density functional theory (DFT) using the

Vienna ab-initio simulation package (VASP) [3]. The following stages of the reaction of Cu(111)

surface chlorination were modeled: Cl2 dissociation, chlorine adsorption, then diffusion, and finally

thermal desorption of reaction products. Studied range of adsorbate coverage is from one Cl atom on

clean Cu(111) surface to saturated chlorine monolayer. Energy barriers for adsorption and desorption

processes are evaluated using nudged elastic band (NEB) method [4]. It was found that there is no

activation barrier in the process of dissociative adsorption of Cl2 on the Cu(111) surface, i.e. the

dissociative adsorption of Cl2 on Cu(111) proceeds spontaneously.

For all suggested models of chlorine and its’ products desorption we have calculated the desorption

energies and obtained desorption temperatures with a help of the Redhead formula [5]. A correlation

between the obtained desorption temperatures with experimental one (peak occurs at 700K – 900K,

maximum at 800 K) [2] gives an insight into interrelation of atomic structures of Cl/Cu(111) system

with it’s thermal desorption spectra.

[1] Andryushechkin B.V., Eltsov K.N., Proceeding of the Prokhorov General Physics Institute, Vol. 59 -

Moscow: Nauka, 2003. P. 106–133.

[2] Eltsov K.N. at al., Surf. Sci. 1991. Vol. 251/252. P. 753.

[3] Kresse G., Hafner J., Phys. Rev. B. 1993. Vol. 47. P. 558–561; Kresse G., Hafner J., Phys. Rev. B. 1994.

Vol. 49. P. 14251–14269; Kresse G., Furthmuller J., Comp. Mat. Sci. 1996. Vol. 6. P. 15–50; Kresse G.,

Furthmuller J., Phys. Rev. B. 1996. Vol. 54. P. 11169–11186.

[4] Henkelman G., Jonsson H., J. Chem. Phys. 2000. Vol. 113(22). P. 9978–85; Henkelman G., Uberuaga BP.,

Jonsson H., J. Chem. Phys. 2000. Vol. 113(22). P. 9901–4.

[5] Redhead P.A., Vacuum. 1962. Vol. 12. P. 203–211.
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