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WELCOME

We wish to all of you a fruitful meeting and enjoyable stay in Avila

The IUVSTA -86-ASEVA-28 workshop on NANOSCALE OXIDES SYSTEMS IN
PHYSICS AND CHEMISTRY will take place during July 1-6, 2018 at HOTEL REINA
ISABEL (https://www.exehotels.co _m/exe -reina-isbel.), located in the ancient and
walled town of Avila . The temperature in the summer is lovely and the atmosphere of
the town is very enjoyable. The city lies 110 km from Madrid, the capital of Sp ain.
Train from Madrid in 1h 20 min can reach Avila . Madrid is linked by air plane to most
of the cities over the world. For more information, see http://www.avila.net . For
train conne ctions visit www.renfe.es

REGISTRATION

Registration will be open SUNDAYJUy 1 from 18:00 through 20:00 hourg Registration Desk
(Hotel Reina Isabel Lobby)

SPONSOR AND FINANCIAL SUPPORT

INTERNATIONAL UNION FOR VACUUM SCIENCE, TECHNIQUE AND APPLICATIONS
IUVSTA

SPANISH VACUUM SOC|EASEVA

SPONSORS

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIF |1 CAS. CSIC
ASOCIACION ESPANOLA DEL VACIO Y SUS APLICACIONESASEVA

INSTITUTO DE CIENCIA DE MATERIALES DE MADRID. ICMM-CSIC



https://www.exehotels.com/exe-reina-isbel
http://www.avila.net/
http://www.renfe.es/

AIM and STRU CTURE OF THE WORHS HOP

Oxide nanostructures on metal surfaces are excellent model systems to study fu n-
-small scales and low dimensionality.
Due to finite size and proximity effects, oxide nanostructures supported on metal

surfa ces may form new composite systems, oxide -metal hybrid systems, with novel
properties that are not shared by the individual constituents. Interesting property
aspects comprise new structure concepts, electronic behavior, magnetic effects and
catalytic chem istry. This workshop will assemble leading experts in the field to di S-
cuss the present state -of -the art and future opportunities in the years to come. Po S-
sible applications of oxide ultrathin films are emerging in various diverse fields of
nanotechnology and these will be identified.

damental properties of oxide materials at ultra

MAIN TOPICS and SESSIONS

The workshop has been divided into eight sessions. Each session is open by one invited
speaker followed for presentation by special invited attendees. At the of each day
there were an special sessio n devoted to discuss ansd comments on the presentations

of that day .

S1 Oxide -Metal Interactions
S2 Reactions

S3 Ultra -Thin Films

S4 Engineered Structures
S5 Theory

S6 Nanopatrticles

S7 Ceria

S8 Structure

ORGANISATION

International Programme Committee

Nane Institution Country Field of work

de Segovia Jdo@NiEhad{ ASEVA Spain Surfaces

Dohnalek Z. Pacific Northwest National Labo| USA Oxide catalysis

Fracassi F. IUVSTA TF division (Chair) Italy Thin Films

Gallego S. Instituto de Ciehd#at@mles de Mg Spain Oxide Surfaces
Gomésilva A. IUVSTA Nanometer Chair) Portugal Nanometer

Gutierrez A. ASS Spain representative Spain Applied Surface Science
Huttel Y. Nanometer Spain Representativ| Spain Nanometer
Lépezagundez M.F. ASEV@GVHYSIC. Madrid. Spain Surfaces

Martkowski L IUVSTA ASS (Chair) Poland Applied Surface Science
Netzer F-GRairman) KarFranzens University Graz Austria Oxides on metals, nanostructures
Thornton @f@wman) | University College London UK Nanagsttures

Widdra W. Universitat Nditeenberg Germany Perovskite oxides
Yubero F. Thin Film Spain representative | Spain Thin Films




CRITICAL DATES

Preliminary announcement Decembe2017

Announcement and call for presentations Januarg 2018

Acceptarof abstract April152018
Preliminary programme April252018
Deadline for Registration Aprill 2018
Dead line for payment (low rate) May1l 2018
Final programme (in the web) Junel 2018
IUVSTABBASSEVA 27 July 252018

SOCIAL EVENTS

Sunday 1 AV L ROl \\/clcome reception.
Hotel Reina Isabel

Tuesday 3 20:00 Walking tour to the Town

Thursday 5 21.00-24:00 Nt I=It=1al=Xollalal=1s
Hotel Reina Isabel

PRESENTATION BY COMPUTER

Computer assisted projection in Power Point. Please bring with @@/pen drivewith your
presentation. It is not necessary a computer. For security reasons, bring also a transparency set of

your presentation

TRAVEL INFORMATION

Access to Avila (from Madrid Barajas international airport to Avila)

: > — > >
Madrid (1) Nuevos Ministerios 10 min. Chama- Avila
Irport Underaround station (2 o min ting@-

Rent-a-car (4)  60-80 min. (about 114 km Note 120 km/h speed
limit)

Vv



(1) Direct Underground line 8 from Madrid Airport to Nuevos Ministerios train
and underground stations (depending on the terminal the distance from the
landing gate to the station takes 15-30 min. Underground station is in Terminal
2). There is also a new underground station at Terminal 4.

(2) Train s from Nuevos Ministerios to  Avila by slow trains ( local trains called 6 Qe
canias@) take approximately 2 hours. Alternartively , go to Chamartin station
(one stop) [la estacion de Chama rtin], where you can take either sI ow or faster
trains to Avila (1 h 15 min for faster trains.)

Note: You can purchase the ticket through your travel agent in your country or
by internet. For timetable and fares , see www.renfe.es . English version

(3) Taxi f rom Madrid Airport to the Chamartin station Fare: Aprox. 30,00 Euros .
If your driver does not understand English, you may say OA la estacién de
Chamartin, por favor. 6[To the Chamartin station, please.]

(4) Rent-a-car from Madrid Airport to Avila

(5) From the airport , take the motorway toward s Madrid, then transfer to moto  r-
way M-40 north (A -1, A-6 indications) and take toll motorway A -6 at the exit
of A -6/Villalba, keep on A -6 in the direction of Villacastin -Avila. From Villa -
castin continue through the toll m otorway to Avila.

(6) Walk from the A vila station to the Hotel Reina Isabel. Walking from the Avila
Station along the main street for about 200 m . You will find the hotel on your
right hand.

Trains from Chamartin Station to Avila on Sunday, June 26 (informa tion and

advanced reserv ation www.renfe.com)
Train Schedule MADRID -AVILA

8.3am | 9.5am| 1h 26 5.1pm | 6.48m | 1h 38,
9.08m | 10.38m 1h 32 5.5pm | 7.3pm | 1h 34
10.38m| 12.0gm 1h 32 6.3pm | 8.08m | 1h 33}
11.08m| 12.38m 1h 30 7.3pm | 9.0pm | 1h 37|
12.20m| 2.0pm | 1h 44 8.3pm | 10.08m 1h 38|
2.5pm | 4.45m| 1h 55 912m | 10.38m 1h 264
3.3pm [ 5.1pm | 1h 42 9.5pm | 11.09m 1h 19|
4.3pm [558m | 1h 28 10.1gm| 11.39m 1h 25]

AVILA MADRID

Many trains are available to return to Madrid. Information at WS desk

Vi


http://www.renfe.es/
http://www.renfe.com/

Train from Barajas Airport to Chamartin Station : Departs every 30 min. from term i-
nal T4. Passengers from other terminals t ake the free shuttle bus serving terminals
T1,T2. T3, T4

BUS BARAJAS AIRPORT TO AVILA (Dir ect . Company o0Ji menez Dor

Bus departs from Terminal T1 at 15:30, from Bus parking (Ask at the exit). Take the
free shuttle bus from any terminal to T1

INFORMATION ABOUT AVILA

Avila is located at about 110 km northwest of Madrid and at 1,130 m above sea level.
The town was established in the 10 " century and still has a strong fragrance of m  e-
dieval town. Avila has a population of about 59.258 inhabitants .

The old town is surrounded by the walls [las murallas] which Christians constructed in
the early 11" century to protect the town from invasion of Islamites. The walls is 12
m in height, 3 m in width and 2,550 m in length and looks magnificent.

Avila is also famous as the town in which Santa Teresa de Jesls (1515 -1582) was
born. She d evoted her whole life to the activity of Catholicism and established many
convents all over Spain after having established Convento de San Jose in 1562 in Av -
la. This convent is shown on the attached map as no. 26. Other monuments in Avila
relevant to Santa Teresa are Convento de La Santa (no.15) which was established in
1636 where she was born and Convento de la Encarnacion (no.10) where she lived for
30 years from the age of 18. Catedral (no.1) and Museo Provincial [Provincial Museum]
(no.21) are also recommended monuments to visit. More information is available
through the website of Avila < http://www.avila.net/ > (in Spanish only).

VENUE INFORMATION

Hotel Exe Reina Isabel
Paseo de la Estacion, 17

05001 Avila

Phone: 349202510 22

Fax: 34920251173

E-mail: info@exereinaisabel.com (inform IUVSTA 76)
Web: www.exehotels.com/exe -reina-isabel

Vil


http://www.avila.net/
mailto:info@exereinaisabel.com
http://www.exehotels.com/exe-reina-isabel

HOTEL ACCOMODATION

Please wyon arrival c ontact directly with the Hotel Registration Desk . The organi-
sation has arranged your accommodation according to your requirements in the regi  s-
tratio n form. When the participants d id not inform about the arrival and departure
times it is assumed that arrival is on the July 1 and departure July 6

A

Extra nigh with breakfast 6 0 0 . See registrati.on form

AVERAGE WEATHER IN AVILA IN JU LY 1-JULY 6

Weather in AvilaJu Iy 1 -July 6

Average temperatura of day 21°C - 70°F
Low temperature 12°C - 54°F
High Temperature 30°C - 86°F
Chance of Sunny Day 79%

Chance of Rain 9%

Chance of Claudy Day 11%

Chance of Windy Day 2%

viii
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ORAL PRESENTATIONS
INVITED LECTURERS: 60 min. Including any di scussion

INVITED ATTENDEES : 30 min. Including any discussion
DISCUSSIONS: Note th at this is a WORKSHOP and the main aim is to
present the state of the art and to participate in the discussions, presenting

problems and que stions

At least 10 min before starting the session contact with the WS assistant to i n-
stall your pre sentation inth e computer.

WS REGISTRATION

Registration will be open SUNDAY, July 26 from 18:00 through 20:00 hours at Regi S-
tration Desk (Hotel Reina Isabel Lobby) . Registration form procedure is in the WS
WEB (www.asevacorierences.com) full registration

ASEVA MEMBERSHIP

Participants are kindly invited to be members of the Spanish Vacuum Society. You will
be exempt of payment during 2017 and 2018. Please fill in the enclosed form and
leave at the workshop regi stration de sk.

Final Full PROGRAMME
Programme will be available at the WS web by June 15 you can DOWNLOAD .

Atthe Venue, you will receive a HARD COPY of the pr ogramme.


http://www.asevaconferences.com/
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TIME TABLE

TIME/DAY SURAMULY 1 MONDANILY 2 TUESDAOLY 3 WEDNESDUYY 4 THURSRAXLY 5 FRIDAJULY 6
Opening Session
08:309:00 F. Netzer. G. Thornton ar
Segovia
Session Gtideletal Intera | Session $8& hin Films | Session S5 Theory Session S7: Ceria
'93‘”5. N Chairman: Rocca M. Chairman: FreundJH Chairman: Perez R.
09:0€10:00 SMoNB002 Campbell C.|STuNB008 Castell M|S8Ned8009 Shluger A. | STThNB001Gandugtiaovano N Beakfast
eakfas
10:0€.0:30 SMoNR035 Ramsey M| SJTuNAO033 Surnev S. | SBNVeNR012 Selloni A. STThNAO16 Neyman K.
10:3a.1:00 SMoNPO25 Cabailh G.|STuNA023 Jupille J. | SBNeMM031 Pérez R. STThNAO32 Lustemberg Deptaure
11:0€11:30 COFFEE TIME
11:36.2:00 SMoNRO017 Rocca M. |SFuNAO19 FreundIH. |SB8NVelA009 Noguera C.
12:0a2:30 SIMONRO21 Idriss H. | SETUNAOLS Risse T. | SBNVeM002 Goniakowski g > We005  Luches P,
12:36.3:00 SMoNA028 Eren B. SUNAOO5 Torrelles X.| SBNeM036 Bromley S. |STThNAO30 Falta J.
13:0€.5:00 LUNCH
Session S2: Reactions |Session S4: Engineered | Session S6: Nanoparticle{ Session S8 Structure
Chairman: Thornton G.|Chairman: Onishi H. |Chairman: Noguera C. | Chairman: Surnev S
15:0€.6:00 SMoAS003 Gronbeck H{ SaTuAS004 Barth C. SeNef007 Stankic S. | SSThASD0&Viddra W.
16:0€.6:30 SMoAA022 Thoraah. SAuM024 Marbach H.| S6NeH006 Onishi H. S§uM027 Hammer L.
16:3€1.7:00 COFFEE BREAK
17:0a.7:30 SMoMA007 Libuda J. S uM034 Sterrer M. |SBNVeh011 Diwald O. |SSThMAN026 Schneider A
17:3618:00 SMoM001 Grinter D. |S&TuM014 Sierka M. |S6Nehd004 Huttel Y. SShAM029 Flegeld.
18:0€18:30 SMoM008 Lykhach Y. |SATuAA013 Baker M. |SBNVeMd003 Berger Th. |SSThAA037 Dohnalek
18:3619:00 FECETRAT SMoMAL5 Shaikhutdind SMoAA010 Wagner M. | SBNehd020 Zhu J. W86/28 Highlights
: GET TOGETHER GUIDED WALKING WS DINNER
Social events 20:092:00 20:392:00 21:0@24:00

Xiii



July 2

MONDAWNM(

Opening Session

08:309:00 S CoordinatorJ. L. de Segovia Welcome and IUVSTA giiesent
IPC Chaiem F. Netzer G. Thornton WSoverview
SESSION S1: MetalOxide Interactions
Chairman F. Netzer
SMoNB002 OXESUPPORTED METAL NARNDPARUGEI®Y: PFRE AND SUPPOR
ATOM ENESGHND TEATALYERFORMANCE
09:000:00 C. Campbell
SMoNMA035 DIELECTRIC INTERLAYERS: PROMOTERSNHRTCHHEITERJPRIANG
10:000:30 BOTH?
. Michael G. Rdpmsiéip Hurdax, Michael Hollerer and Martin Sterrer
SIMoNA025 ORIENTAOEPENDENT CHEMISBRNTANG BAND THIN LAYE
10:301:00 . 40 SURFACES _ _ .
B Patrizia Borghetti, Younes Mouch#&ziR Zeroh&4diaihe Chedti,LRzzari and Jacques
11:001:30 COFFEE TIME
SMoMN017 ADATOM EXTRACTION IN THE EARLY SORBESLOE SHEFAXID3,
11-302:00 Jagriti Pal, Takat B. Rawal, Marco Smeéatfi 2dathigtizito8aliaca Vattulalat S. Rah
e and/ario Rocca
SMon021 METSEMICONDUCTOR INTERACATANYISIPHOTOLUSTER SlIZ
12:002:30 EFFECNERRODUCOMENR RUT(LEC)IO
e K. KatgieG. HarrisBn Maity ,-Salid, G. Thokhtdariss
SMolA028 SCANNING PROBE MICROSCOPY FORSSOLIBBIESSHROERAETE
M2 OXIDES
12:303:00 Baran Eren
LUNCH TIME
13:005:00

Xiv



Jly2

MONDAYRABTE

SESSION S Reactions
Chairman G. Thornton
SMoAN03 REACTIONS AT OXIDE SURFACES AND OXIDE/METAL INTERF/
Henrik Gronbeck
15:006:00
SMoM022 STUDYING MODHEILON CATALY STANBRERENRRY PHOTOELE
' ' Andrew Thordasen Syres, Michael Wagstaffe, Hadeel Hussain, Matthew Acres, R
Hamr
16:307:00 COFFEE TIME
SMoM007 LINKER GROUPS ON OXIDE SURFACES IN UHV AND AT THE S
Jorg Libuda
17:007:30
SMoM001 AMBIENT PRESSURE XPS AS A TOMETCOAHROBETMEERAVIOUR
17-308:00 David Grinter
SMoMAA008 INTERPLAY BETALERNPMERT INTERACTION AMBYISTABIQDELIN
18:008:30 CATALYSTS )
' ' Yaroslava Lykha¢hi r as Fai sal, Tom8d&i Sk I D,v 0B
sto. Armin Neitzel. Kevin C. Prince. Vladimir Matolin. Jora Libuda
SMoM015 CATALYSIS DRIORNDBYADIS
18:309:00 Shamil Shaikhutdinov

XV
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TUESDIKMRNC

SESSION S3: Ultra Thin Films
Chairman M. Rocca
SJuNBO08  OXIDEUPPORT INTERACTIONS IN ULTRATHIN FILMS
S. Wang, X. Hu, C. Wu, L. Jones, S.C. Speller, J. Qdriakoastki] C. Noguera and
09;600:00
SJUNAO33 2BTUNGSAEN MBDEMMWDE LAYWERETALS: THETRIELEGMDAL
10:60:30 INTERACTIONS
e Svetlozar SuAdessandro Fortunelli and Falko P. Netzer
S3TuNr023 STIFFNESS IN HETEROEPITAXY
o C. Cabailh, G.osRkiakdupile,Lagarde, R. Lazzari, C. Noguera and N. Trcera
10:301:00
11;601:30 COFFEE TIME
SJUNA019  Can single crystal model catalyst based on thin oxide films tell us al
11:302:00 Han¥oachim Freund
STuNAO018  Electron stimulated hydroxylation of a silica bilayer on Ru(0001): on
12:602:30 radicals
B Hendrik Ronneburg, Peter Clawin, Niom&idRieseand T
S3UNAOO5 INTERFACE AND STRUCTURE FILM TANRNESSNBGIQJFIONS]
B X. TorrelRsFelici, J. Drnec, G. Cantele, R. Di Capua, G. M. De Luca, G. Herranz, ¢
12:303:00
13:605:00 LUNCH TIME

XVi



Jly 3 TUESDARK]
SESSION S4: Emineered Structures
Chairman H. Onishi
S4quAN04  THICK ANDTHINRZERIA FILMS SABMIEADBXREM: RECENT RES
OUTLOOK
15:006:00 Clemens Barth
S4TuM024  FABRICATION ANIAMODI OF TKHEESADIOSCALSHEY FHOUGRON B
16:006:30 INDUCED PROCESSING
' ' Florian Vollnhals, Christian PreisciMubéftBadiliadyach
16:307:00 COFFEE TIME
SquM034  ADSORPTION OF TETRAPHENYLPORPHYRIN CGBY HIgURIGBN OF
17:007:30 MICROSCOPY STUDY
. . Michael Hollerer, Hannes Herrmann, Larissa Egger, Georli&viteSthtiehrael G. Ran
SquM014 MANIPULATING PROPERTIES OF THIN OXIDE FILMS BY ELEC]
17:308:00 COIPUTATIONAL DESIGN
' ' Marek Sigviaatin Becker, Adriana Szeghalmi, Vivek Beladiya
SAUuA013  XPS ANALYSIS ANROERINC@RXNIET AHINSINBSNDAUSTER SQ
18:008:30 Mark Bgkdohamed Al Waily, RolftaigimaskeiRégbb
S4quA010  InQ(11HSURFACE STRUCTURE AND ADSORPTION
18:309:00 M. WagreA. Boatner, M. Schmid, B. Meyer and U. Diebold
20:0R1:30 Guided walking tour

Xvil



Jiy4 WEDNESIOM G
SESSION S6: Theory
Chairman HJ Freund

S5Vef8009 ELECTRONIC PROPERTIES OF NANOSCALE OXIDES

Alexander L. Shluger
0904a10:00

S8VeiM012 FORMATION AND STRUCTURE OF BLSCKULISRIONSIGHTS FR
16061030 X. Zhaoe®u®. Selloni

SB5NVefd031 ADSORPTION GNIWVAAERE OREANICHAMN ABIRFACES
103a11:00 Rubén Pérez
11:0a11:30 COFFEE TIME

SBNVeld002 MIXED OXIDES AT THE NANOSCALE: MICROSCCHITE BERIHAN
11:301200 ELECTRONIC CHARACTERISTICS

Claudine Nagdaeek GoniakewdKkHah T. Le

S5NVef002 IMPROVING ADHESIGNHRAEANG METAL/OXIDE INTERFAC
1200230 Helinh T. Jaxek Goniak@asidine Noguera, AlexandKiaisohel Mataigne

S5 WéAM36 TRACKING THE PROPERTIES OF OXIEBEA KRUMINAADS A LFE
12:303:00 OXIDE BASED TECHNOLOGIES

' : Stefan T. Bromley

13:005:00

LUNCH TIME

Xvili



Jly 4 WEDNEAAFREOC
SESSION S5: Nanoparticles
Chairwoman C. Noguera

S8Nef8007 PROBING SURFACES AND DEFECTS OFCMES AND ZnO NANOPAR

Slavica Stankic

15:6060@

SeNe006 ATOSLCALE ANBBRAND ARCHIFNERRECT OCATALARTEHRCOIRL

[P PHOTOSYNTHESIS

18:016D | | onishi
16301700 COFFEE TIME

Sa_Nemc_)ll THIN WATER FILMS ON OXIDE NANOSTRUCTURESSERAWAH.CBN /
7001730 Oliver Diwald

SéVef004 HIGHUALIOMETEP PRQ[IQIEALOZ@&N@NOPARTICISE&BS’M HESIS
170180 Y. Huttel Martinez, A. Mayoral, M. Espifieira, F. J. Palomares, E. Roman

SGWeIAC_)O:S _PARTICLE 'CONSOLIDATION ANBLEQTROPYOE SOHBRFACHILNESO
18:0189) Juan Miguel Jiménez, Karin Rdttermeas d&3eagdr

SeNe020 STRUCTURES AND MORPHEMRFEIRTEDIFNIERAM CATFRMA TWEABAR
183019:0 CATALYST STUDIES

Shanwei Hu, Yan Wang,, Qleijiaddfe#fagZhu

Xix



ddy 5 THURSMANRN G
SESSION S7: Ceria
Chairman R. Pérez
STThNBO01  THEORETICAL PERSPECTIVE OF THEADERIADEBCEE ASTRAA
STADH HERT
09:000:00 M. Verdnica GaRttagdao
STThNAO16 DENSITY FUNCUDEAICFBAERVANOSTRUCENRESGRESS AN
10:600:30 CHALLENGES
U Konstantin M. NEYMAN
STThNAO32 METEERIA INTERACTIONS ANDIGATRRYWET ASNE/DISSOCIAT
10:301:00 CONVERSION
B Pablo G. Lustevhbéegdnica GaRtagiao
11;001:30 COFFEE TIME
STThNBO05 INTERACTION BETWEEN CERIUM OXIDE AND METALS
Paola Luches
11:;302:30
STThNAO30 EPITAXYAGEARTH OXIDES ON TRANSOURRENET SIATUS AND
12:303:00 JENS FAIn@Alan Ingo Flege
13:005:00 LUNCH TIME

XX



Jly5 THURSBRKEOO
SESSION S8: Structure
Chairman S. Grnev
15:006:00
SSThAA027 LEHY ANALYSES OF OXIDE NHNERIRWERA IR VERMIBIED W,
. . ACCURACY
16:006:30 Lutz Hammer
16:307:00 COFFEE TIME
SThM026 INTERACTION OF MOLECULEE BMTRHCDHEAES OXID
17:007:30 M. Alexander Schneider
SThMAM029 QUANTITATIVEANAMYSED MBEH AlY OKEMS FNEG GO B E(
17:308:00 MICROSCOPY
R Jan Ingo Fléges Palad Eugene E. Krasovskii
S&hM037 CATALYTICTEHEOFSSINGLE PALLADIUM ATQBMYPPOR
18:008:30 Zdenek Dohnalek
HIGHLIGHTSF. Netzer
. ) G. Thornton
18:309:00 )
CLOSING REMARI€SSegovia
21:093:00 WS DINNER

Hotel Reina Isabel

XXi
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Received:
15-01-18

S1-MoM-1S-002 OXIDE-SUPPORTED METAL NANOPARTICLES: PREDICTING HOW
SIZE AND SUPPORT AFFECT METAL-ATOM ENERGETICS AND THUS
CATALYTIC PERFORMANCE

Charles T. Campbell
Department of Chemistry. University of Washington, Seattle, WA 98195-1700 USA

Many important catalysts and electro-catalysts for energy and environmental technologies in-
volve late transition metal nanoparticles dispersed across the surface of some oxide support.
The activity and long-term stability of these materials depend strongly on particle size below 5
nm, and, in this size range, upon the nature of the oxide support. The relationships between
the energetic stability of late transition metal particles on oxide supports and their structural,
electronic, chemisorption and catalytic properties have been examined in detail. We will show
predictive correlations amongst the energy of the metal atoms in these nanopatrticles (i.e., the
metal-atom chemical potential) and their particle size as well as their adhesion energy to the ox-
ide surface (Eadh). Measurements of the metal / oxide adhesion energy reveal that Eagn in-
creases with: (1) increasing oxophilicity of the metal (estimated from the heat of formation of the
oxide of the metal from metal gas plus Oz, (2) decreasing oxophilicity of the oxide support (es-
timated from the heat of reduction of the metal oxide support to its next lower oxide), and (3) in-
creasing density of coordinatively-unsaturated O atoms on the surface of the oxide. The
strength with which oxide-supported metal particles bond adsorbates, their catalytic kinetics and
their sintering rates also correlate with this metal-atom chemical potential, and thus it helps ex-
plain particle size and support effects in catalysis.

Work supported by DOE-OBES Chemical Sciences Division.

Corresponding author: e-mail:
Tel.: FaXiooooveiieen,

26



Received:
18-04-18

S1-MoM-1A-035 DIELECTRIC INTERLAYERS: PROMOTERS OF CHARGE TRANSFER
OR INERT DECOUPLING LAYERS OR BOTH?

Michael G. Ramsey, Phillip Hurdax, Michael Hollerer and Martin Sterrer

Karl-Franzens Universitat Graz, 8010 Graz, Austria

Recently we have shown that thin dielectric layers can actively promote charge transfer from
the underlying metal substrate to molecules adsorbed on them [1]. Here a comprehensive anal-
ysis of the phenomenon of charge transfer promoted by a dielectric interlayers will be attempted
principally using pentacene on MgO films of controlled thickness and work function. Imaging the
orbitals in real and reciprocal space, with scanning tunneling microscopy and valence band
photoemission tomography, supported by density functional calculations, we are able to unam-
biguously identify the orbitals involved and quantify the degree of charge transfer. Our experi-
mental approach allows a direct access to the individual factors governing the energy level
alignment and charge transfer processes for molecular adsorbates on dielectrics. Here the role
of the work function, electron affinity, polarizability and dielectric thickness, is explored. Ques-
tions addressed will include: how is the work function catastrophe avoided, when and how is
Fermi level alignment achieved and why has the phenomena not been observed in the past?

[1] M. Hollerer et al., ACS Nano 11, 6252 (2017)
Interger charged (l) and neutral (II) pentacene on MgO(001)/Ag(100)

di/dUg / a.u.
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(LPCMME), Universit®ddran 1 31000, Oran, Algeria

Mastering electrical contact of zinc oxide with metals is of prime interest in all the actual or po-
tential uses of this semiconductor in optoelectronics and microelectronics [1]. Besides its use to
create ohmic contacts, the deposition of titanium on ZnO is known to promote adhesion for no-
ble metals in optical coatings for glazings, to enhance the gas sensor properties of ZnO and to
set up resistive random access memories. However the detailed mechanism of interface reac-
tivity and the role of the surface orientation of ZnO in terms of species profile and chemical state
are not yet resolved. In the present work, orientation-dependent reactivity and band-bending are
evidenced by X-ray photoemission spectroscopy upon Ti deposition (1-10 j ) on the polar
Zn0O(0001)-Zn and ZnO(000-1)-0O surfaces [2]. On Zn-ZnO, Ti reduces ZnO to form a Ti oxide,
while on O-ZnO, the deposition of Ti gives rise to the formation of a (Ti, Zn, O) compound. A
similar chemistry is observed upon annealing the Ti adlayers, although with very different acti-
vation temperatures, 500 K on O-ZnO and 700 K on Zn-ZnO. Those orientation-dependent be-
haviours are expected to strongly affect applications relying either on thin Ti/ZnO films and part-
ly explain why Ti/ZnO electrical contact properties are quite scattered and depend on annealing
treatments and crystal orientation [1].

[1] L. J. Brillson and Y. Lu, J. Appl. Phys., 2011, 109, 121301.
[2] P. Borghetti et al., Phys. Chem. Chem. Phys., 2017, 19, 10350.
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OF METALLIC SURFACES
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Letizia Savio,! Luca Vattuone,*? Talat S. Rahman,® and Mario Rocca'?
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USA
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The reconstruction and modification of metal surfaces upon O, adsorption plays an important
role in oxidation processes and in gauging their catalytic activity. By employing scanning tunnel-
ing microscopy and the ab initio density functional theory, we show that Ag atoms are extracted
from pristine (110) terraces upon O dissociation, resulting in vacancies and in Ag-O complex-
es. The substrate roughening generates undercoordinated atoms and opens pathways to the
Ag subsurface layer. Mo s t of the oxygen ends up ei t-za@
chaino shaped structures. The | atter ones s-g
rupted, giving rise to highly mobile, sombrero shaped, isolated O adatoms also far away from
the scanned area, i.e. from the current injection spot. Around 200 K, the Ag atoms become mo-
bile and the surface reorganizes into the well-known added row reconstruction. With increasing
O coverage, mul ti pl e vacancies give rise to r em:
mechanism of adatom extraction is expected to be very general depending on the delicate in-
terplay of energy and entropy, so that it may be active for other materials at different tempera-
tures [1,2].

[1] J.Pal et al., Phys. Rev. Lett.118, 226101 (2017)
[2] T.B. Rawal et al. unpublished
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S1-MoM-1A-021 METAL-SEMICONDUCTOR INTERACTION IN PHOTO-CATALYSIS: Au
CLUSTER SIZE AND COVERAGE EFFECTS ON H, PRODUCTION
OVER RUTILE TIO»(110)

K. Katsiev !, G. Harrison 3, P. Maity 2, Y. Al-Salik 1, G. Thornton 3, H. Idriss 12
ISABIC-CRD at KAUST, Saudi Arabia
2Solar center, KAUST, Saudi Arabia
3Chemistry, UCL, UK

Unlike thermally driven catalytic reactions by metal nanoparticles, reaction rates in photo-
catalysis have not been found to scale with either the density of nanoparticles or with their size.
Because of the complexity of multi-component photo-catalysts in powder form, this lack of cor-
relation, routinely observed for over three decades, is not yet understood. In order to explore
this phenomenon, H: production rates from ethanol over Au clusters with different sizes and
coverage deposited on single crystal rutile TiO2(110) were studied by scanning tunneling mi-
croscopy and online mass spectrometry. Because of the nature of the study, in which all pho-
tons impact the surface plane, it was possible to directly determine the proportionality factor be-
tween the hydrogen production and the number of absorbed photons. A slope very close to
one is found, which is in line with the current doubling effect. This indicates that computed
guantum yields for hydrogen production using alcohols as reactants (or as sacrificial agents in
water) reported in the literature, are half their actual values. It was also found that there is a
non-linear increase of the H> production rate with increasing gold coverage. The key determin-
ing factor appears to be the Au inter-particle distance. Increasing this distance resulted in an
increase in the normalized reaction rate. These results are explained in terms of competition
between patrticles for excited electrons to reduce H* (of surface OH groups) to H,. The fact that
metal inter-particle distances directly affect the reaction rate indicates that nanostructured syn-
thesis is needed in photocatalyst manufacturing for future technologies
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S1-MoM-1A028 SCANNING PROBE MICROSCOPY FOR SOLID/GAS INTERFACES:
FROM METAL SURFACES TO OXIDES

Baran Eren

Department of Chemical and Biological Physics, Weizmann Institute of Science, 234
Herzl Street, Rehovot 96100, Israel

Scanning probe microscopy (SPM) has opened up many avenues in surface physics and chem-
istry in the last four decades. An important drawback of the classical approach of performing
SPM under ultra-high vacuum (UHV) is, however, that kinetic limitations can impose metastable
phases, that is, the system might not have enough energy to overcome an energy barrier and
instead stay in a local energy minimum. Furthermor e, sur f ac elsi fuend ea o md
equilibrium with the surrounding gas and liquid phase molecules, but the classical approach
probes only a single point in the thermodynamic phase diagram. It has therefore become evi-
dent that Iprriedsgiumrge tghhipd i s -prassuaerscanning tunnedimgdni-
croscopy (HPSTM) emerged from this need for lower-nanometre and atomic scale understand-
ing of surfaces at pressures closer to those relevant to heterogeneous catalysis, a field of im-
mense technological importance.

This talk will consist of two parts. In the first part, recent results with HPSTM will be discussed.
The main focus will be Cu surfaces, not only because of their relevance in various catalytic
conversion reactions but also because Cu has a low cohesive energy which makes it an ideal
model case to study dynamic mass transfer on the surface at room temperature (RT). The most
compact and stable surfaces of Cu undergo massive reconstructions in the presence of CO or
CO; at RT at pressures in the Torr range, and they decompose into two-dimensional nanoclus-
ters, which is a double effect of low cohesive energy of Cu and the high gain in adsorption en-
ergy at the newly formed under-coordinated sites.

The second part of the talk is dedicated to the current research plans of my group at the Weiz-
mann Institute of Science in Israel. Although HPSTM made a significant process in bridging this
Opressure gapbd between science and technol o
than 90% of the real catalysts are supported on insulating oxides, which can only be probed
with atomic force microscopy (AFM). Our plan is to build an AFM system to operate under reac-
tant gases, and use this experience t caredlaserg
beam to generate a near-field spectrum. This way, not only a topographical image of an insulat-
ing surface will be acquired, but also spectroscopy images with chemical fingerprints in the low-
er nanometre scale will be generated. In this talk, | will present our current HPAFM design and
ideas working with oxides, especially with those interesting for photochemistry.

Corresponding author: Baran Eren e-mail: baran.eren@weizmann.ac.il
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S2-MoA-IS-003 REACTIONS AT OXIDE SURFACES AND OXIDE/METAL INTERFACES

Henrik Gronbeck?

Department of Physics and Competence Centre for Catalysis, Chalmers University of
Technology, SE 41296 Goteborg, Sweden

Metal oxides is a wide class of materials that are used in numerous applications where hetero-
geneous catalysis is but one example. Oxides are in catalysis employed as supports for the ac-
tive phase, storage materials and catalysts. Given the wide range of applications, it is important
to explore general phenomena of oxide chemistry. In this contribution, we will discuss different
aspects of reactions on oxide surfaces and oxide/metal interfaces. The results are based on
density functional theory calculations and first principles microkinetic modelling.

Open-shell molecules frequently display cooperative adsorption mechanisms on oxides, where
pairs of adsorbates are significantly more stable than the isolated species. We discuss this for a
range of oxides and adsorbate pairs [1]. The pairing energy is found to be a convoluted meas-
ure of charge transfer energies, electrostatic interactions, and ionic relaxations. Adsorbate pair-
ing has marked effects on the reactivity, which is exemplified by a detailed analysis of methane
oxidation over palladium oxide [2]. A related charge transfer phenomenon is the possibility to
tune adsorption properties for ultrathin oxide films supported on metals [3]. We will also discuss
the case without charge transfer where the properties of thin oxide films still can be tuned by
the choice of support metal [4].

Oxide phases by be formed in situ from metal alloys during oxidation reactions. This will be dis-
cussed in connection to CO oxidation over PtsSn where the formation of an SnO, phase sup-
ported on Pt and the reaction taking place at the SnO»/Pt interphase may be explain the low
temperature activity of this system [5].

References:

[1] M. Van den Bossche, H. Gronbeck, J. Phys. Chem. C 120, 8390 (2017).
[2] M. Van den Bossche, H. Gronbeck, J. Am. Chem. Soc. 137, 12035 (2015).
[3] A. Hellman, S. Klacar, H. Gronbeck, J. Am. Chem. Soc. 131, 16636 (2009).
[4] L.R. Merte, C.J. Heard et al. Angew. Chem. Int. Ed. 55, 9267 (2016).

[5] M. Vandichel, A. Moscu, H. Gronbeck, ACS Catalysis 7, 7431 (2017).
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Metal oxides decorated with noble metal clusters have been widely used as oxidation catalysts
for many years. The cost and low earth abundance of the metals used, however, has led to in-
tensive study of these systems in order to fully understand the reaction mechanisms, and to use
this information to design new materials which reduce the need for the use of the precious met-
als.

One of the key techniques employed to study these surface reactions has been photoelectron
spectroscopy, which allows the elucidation of electronic states around the Fermi energy, as well
as identification of adsorbed species and intermediates [refs]. The major limitation of the tech-
nigue however is that reactions have to be studied at extremely low pressures (at best 1 x 10
mbar) or as a post-mortem study, whereby the model catalyst is exposed to high gas pressure
and then introduced into the photoelectron spectroscopy instrument. Recent advances in ana-
lyser design, however have led to the emergence of near-ambient pressure X-ray photoelectron
spectroscopy, which allows the study of surfaces in gas pressures up to tens of mbar.

Here | present data from two model systems for CO oxidation catalysts. In the first we use sin-
gle crystal anataseTiO, (101) surface upon which Ag is deposited by thermal evaporation. STM
data shows the formation of silver clusters seeding from single atoms on both terraces and and
step edges which tend to self-limit in size. This behaviour is slightly different to rutile which
forms larger clusters which tend to form at step edges. The difference is attributed to a lower
mobility of the Ag atoms on the anatase surface. Exposure to CO or water vapour does not lead
to any change in the spectra. However, a mixed CO/H,0O gas mixture shows evidence of oxida-
tion of the Ag clusters. These features only appear at gas pressures above 1 mbar and are lost
upon evacuating the near-ambient pressure cell.

The second system studies a chemically deposited thin film of mesocrystalline ceria upon which
Au is evaporated. Mesocrystals are an interesting new class of materials which are formed from
the regular arrangement of nanocrystals. By careful design these materials can potentially re-
tain the properties of the nanomaterials but have the advantage that they can be handled like
bulk materials. Again we report on the interaction of CO and H,O/O, with these materials as a
model catalyst.

Corresponding author: Andrew Thomas e-mail:a.g.thomas@manchester.ac.uk
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S2-MoA-1A-007 LINKER GROUPS ON OXIDE SURFACES IN UHV AND AT THE SOL
ID/LIQUID INTERFACE

Jorg Libuda

Physical Chemistry Il and Erlangen Catalysis Resource Center, Friedrich-Alexander-
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Organic-oxide interfaces are at the heart of various emerging technologies, ranging from organ-
ic electronics to solar energy conversion. Their functionality arises from complex organic layers
which are normally anchored to the oxide surface via specific linker groups. Typically, the an-
choring groups release protons, thus forming surface hydroxyl groups. The role of these pro-
tons, the surface hydroxyl groups, and the interfacial water is one the most essential but, simul-
taneously, also one of the most poorly understood aspects in organic film formation.

We studied the interaction of water, carboxylic acids, and organic phosphonic acids with differ-
ent cobalt oxide surfaces, namely Co304(111), CoO(111) and CoO(100), prepared in form of
thin well-ordered films on Ir(100). The interaction of water with these surfaces is strongly struc-
ture-dependent and ranges from weak molecular adsorption on CoO(100) to the formation very
strongly bound OH groups on Co304(111). Similarly, pronounced structure dependencies are
observed upon anchoring of benzoic acid. Time-resolved and temperature-programmed vibra-
tional spectroscopies with deuterated carboxylic acids indicate the formation of well-defined
mixed adsorbate layers consisting of bridging benzoates and OD groups formed in the anchor-
ing reaction. For phthalic acid, which may bind via one or via two linker groups, the adsorption
geometry is controlled by the arrangement of the surface Co?* ions.

Organophosphonic acids, on the other hand, show a complex temperature-dependent anchor-
ing behavior, which originates from the multiple adsorption geometries which these molecules
can adopt. Intriguingly, the same reactions can also be monitored by in-situ vibrational spec-
troscopy at the solid/liquid interface on the same oxide surfaces prepared in UHV. We present
first spectroscopic data, in which we directly compare these anchoring reactions in UHV and at
the solid/liquid interface.

Finally, we investigated the anchoring behaviour of larger organic species, such as carboxylat-
ed porphyrin derivatives and molecular photoswitches, which both can be attached to the above
mentioned surfaces using the same anchoring mechanisms. Differently oriented phases can be
observed by time-resolved in-situ spectroscopy during organic film growth in UHV. Such hybrid
interfaces can then be used as atomically-defined model systems to study catalytic, electro-
chamical, or photochemical processes in well-defined environments.

[1] K.Werner, S.Mohr, M.Schwarz, T.Xu, M.Amende, T.D6pper, A.Goérling, J.Libuda, J. Phys.
Chem. Lett. 7, 555 (2016)

[2] M. Schwarz, C. Hohner, S. Mohr, J. Libuda, J. Phys. Chem. C 121, 28317 (2017).

[3] M.Schwarz , S.Mohr , T.Xu, T.D6pper, C.Weil3, K.Civale, A.Hirsch, A.Gorling, J.Libuda,

J. Phys. Chem. C 121, 11508 (2017).

[4] C.Schuschke, M.Schwarz, C.Hohner, T.N.Silva, L.Fromm, T.D6pper, A.Goérling, J.Libuda, J.
Phys. Chem. Lett. accepted for publication.
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S2-MoA-1A-001 AMBIENT PRESSURE XPS AS A TOOL TO PROBE METAL-OXIDE
CATALYST BEHAVIOUR

David Grinter,

Diamond Light Source

Ambient Pressure X-ray Photoelectron Spectroscopy (AP-XPS) has provided numerous im-
portant insights into the behaviour of materials under conditions out of reach of traditional UHV
surface science experiments. In this talk | will introduce the AP-XPS technique and highlight its
application to a number of model heterogeneous catalyst systems based on TiO2 and CeO2.
Catalysts composed of metal-oxide supported nanoparticles or oxide thin films have wide-
ranging industrial uses with particular energy-related applications including alternative fuel syn-
thesis. | will demonstrate how AP-XPS plays a vital role as part of a multi-technique approach
into investigating the reactions that occur at the surface of such materials.[1,2]
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Figure 1. Cartoon depiction of the interrogation of a model supported catalyst by AP-XPS, and C1s AP-XPS spectra from a
Ni/CeQO2 catalyst under methane dry reforming conditions.
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(1) J. Rodriguez et al. Chem. Soc. Rev. 2017
(2) R. Palomino et al. J. Elect. Spec. Rel. Phenom. 2017
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The stability of Pt nanoparticles supported on well-ordered Co304(111)/Ir(100) films has been
investigated with respect to sintering under UHV and oxidizing conditions by means of synchro-
tron radiation photoelectron spectroscopy (SRPES) and near ambient pressure X-ray photoe-
lectron spectroscopy (NAP XPS). We found that the stability of the model Pt/C0304(111) system
is determined by the oxidation state of Pt atoms at the interface. The electronic metal-support
interaction between Pt and Co304(111) associated with a charge transfer results in a partial re-
duction of Co304(111) yielding partially oxidized Pt" *species at the interface. The stability of the
supported Pt particles is coupled with the oxidation state of Pt% *species, which can be reduced
or oxidized depending on the Pt coverage and reactive environment. Annealing of
Pt/C0304(111)/Ir(100) in UHV triggers the reduction of Pt® *species resulting in re-oxidation of
Co304(111). At higher temperature, reverse spillover of oxygen to the Pt nanoparticles is ac-
companied by reduction of Co304(111). Under these conditions, the oxidation state of Pt" *spe-
cies depends strongly on Pt coverage. Thus, at low Pt coverage (0.3 ML Pt), Ptt *is converted
to Pt**, at intermediate coverage (0.6 ML Pt), Pt? ‘remains stable, and at high Pt coverage (1.93
ML), Pt® *is reduced to Pt°. Sintering of Pt particles is associated with the reduction of the Ptt *
species. This process is prevented under oxidizing conditions due to formation of an interfacial
PtOx oxide. Using NAP XPS, we observe the formation of an interfacial PtOy oxide in oxygen
atmosphere (1 mbar) already at 300 K while the formation of surface PtOx oxides is kinetically
hindered and occurs above 550 K.
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S2-MoA-1A-015 CATALYSIS DRIVEN BY 2D-OXIDE FILMS
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Thin oxide films grown on metaingle cristakubstrates have primarily been consideaed
well-definedplanar model systentbat arewell-suited for elucidatinghe mechanisra of
chemical reactions at oxide surfaces i ng t he @A s ur f .a'beeconsnaoustyn c
growing number of experimental and theoretical studiesaledhatmetatsupportedul-

trathin oxide films, i.ethe films havinghe thicknessomparable with oxide lattice cgtants
may be interesting catalytic materials in their own right® talk addresseseveralkcasestud-
ies performed in ouaboratories illustrating these ideas.

The first one&f e r snonolayeoii F e Oifod dxitle) flmsshowing enhanced reactivity
low temperatre CO oxidationIn particular, the effects of film coverage and of metal suppo
will be discissed in detail.

The second case refers teiicatefilm weakly bonded to a metal substrate such as Ru(000]
and Pd(111). Although the silica films themselves are essentially inert towalndshagases,
they may provide special conditions for chemical reactomesirringon the metal surfacenu
derneath theilim, i.e. in confined space at the interfatle latter has recently recieved-ce
tain interest for metal supported graphene layers, but remains poorlygtander

The important role of theoretical calculatiansall these studiewill also behighlighted.
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Oxides that are created as ultrathin films have electronic, optical, magnetic and chemical
properties that may be quite different from their bulk crystal counterparts.! This is because of
the strong interaction between the oxide film and the substrate that it is grown on. Many ul-
trathin metal oxide films that are only a few atomic layers thick should be considered as 2D hy-
brid structures - part bulk, part interface, and part surface. This talk introduces ultrathin oxides
with a focus on the effect that the substrate plays on stabilizing certain structures and then con-
centrates in detail on the work we have carried out on TiOx ultrathin films on Au(111) sub-
strates.

Ultra-thin films of TiOx were grown on Au(111) by evaporating low coverages of Ti in UHV
onto the Au substrates and subsequently annealing the samples in an environment containing
oxygen.? For certain processing conditions a 232 Ti,O3 honeycomb structure is created on the
surface. We have studied this structure with STM, LEED, AES, XPS, ARPES and DFT.

Because the Ti.Os honeycomb structure is a 232 overlayer there is the possibility that neigh-
bouring domains are offset with respect to each other. This gives rise to domain boundaries
where the usual hexagonal rings are no longer stable. The boundary structures have been stud-
ied by STM, which shows that [11-2] and [1-10] oriented boundaries are most common. The
structures consist of combinations of rings of 8, 7, 5 and 4 Ti atoms for the different boundaries.
DFT has been used to calculate the boundary energies. There is a good fit between the most
frequently observed boundary structures seen in STM and the lowest energy structures as de-
termined by DFT.

The honeycomb structure provides a unique environment for the adsorption of ad-species,
and in this instance we evaporated Ba atoms on the structure. STM imaging shows that the Ba
atoms adsorb individually in the hollow sites of the HC network.® Depending on the Ba coverage
(x) which ranges from 0 to 2/3, two ordered phases can be identified at x = 1/3 and x = 2/3. A
disordered labyrinth-like phase is observed for values of x between 1/3 and 2/3. Theoretical
modelling shows that the structural character of these films is driven by the charge transfer that
occurs between the electropositive Ba atoms and the electronegative Ti.Os/Au support. The
evolution of the structure of the thin films as a function of Ba coverage can be described using a
lattice gas model with first-, second- and third-nearest-neighbour Ba-Ba repulsive interactions,
and modeled using Monte Carlo techniques.

1. Oxide materials at the two-dimensional limit, F.P. Netzer & A. Fortunelli, Springer (2016).
2. C. Wu, M.S.J. Marshall & M.R. Castell, J. Phys. Chem. C, 115, 8643 (2011).
3. C. Wu, M.R. Castell, J. Goniakowski & C. Noguera, Phys. Rev. B, 91, 155424 (2015).
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ROLE OF THE OXIDE-METAL INTERACTIONS
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Two-dimensional (2D) layers of transition metal oxides have attracted tremendous inter-
est during the last decade due their outstanding physical and chemical properties. For
practical reasons 2D oxide layers are usually supported on metal surfaces. This leads to
a coupling of the oxide overlayer to the metal substrate, which creates a metal-oxide hy-
brid system with properties that are largely determined by the oxide-metal interface.
Here, we report the formation of 2D tungsten (W) oxide layers on Pd(100) and Ag(100)
surfaces, which represent two prototypical examples of strong versus weak oxide-metal
interactions.

The W-oxide layers have been prepared by vapor phase deposition of gas phase (WO.).
clusters onto the Pd(100) and Ag(100) substrates. On both surfaces, the WOx grows in
the form of a well-ordered 2D wetting layer, which however exhibits morphological and
structural differences specific to the substrate. The WOx layer on Pd(100) features a sur-
face network consisting of small (~ 4 nm) square-shaped domains, separated by narrow
trenches. The latter are identified as anti-phase domain boundaries, as evidenced by
STM images and the characteristic LEED spot splitting. The STM images show that
each domain exhibits a square surface structure with a lattice constant of 3.9 A, which
corresponds to a commensurate c(2x2) superstructure. Interestingly, 2D Mo-oxide lay-
ers grown on a Pd(100) surface show similar geometrical and morphological properties.

In contrast, the WOXx layer on Ag(100) displays mesoscopically large domains in a varie-
ty of azimuthal orientations with respect to the substrate. The different azimuthal orienta-
tions of the oxide domains can easily be recognized in LEED and STM by their different
Moiré patterns. The overlayer shows a square lattice constant of 3.72 A, which is close
to the respective WO: bulk lattice constant. The 2D WOx phase on Ag(100) thus consti-
tutes an epitaxially ordered, incommensurate and rotationally disordered nanolayer,
which is indicative of a weak overlayer-substrate interaction.

The DFT structure model of the W-oxide monolayer on Pd(100) has a formal WOs3 stoi-
chiometry and consists of a layer of O atoms adsorbed in on-top Pd positions, followed
by a c(2x2) layer of W atoms, which are connected at the top to terminal O atoms. It can
be viewed in a way as a 2D analogue of a cubic WO3(001) crystal, featuring a similar lat-
tice constant and polyhedral linkage. DFT calculations aimed at deriving a structure
model of the WOXx layer on Ag(100) are in progress. In particular, the formation and sta-
bility of a WOs3 bilayer, as suggested by STM and XPS results, are investigated in the
calculations.
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S3-TuM-IA-023 STIFENESS IN HETEROEPITAXY

.C. Cabailh!, G. Goniakowski!, J. Jupille!, P. Lagarde?, R. Lazzari!, C. Noguera® and N.
Trcera?

1CNRS, Sorbonne University, UPMC Univ Paris 06, UMR 7588,
Institute of NanoSciences of Paris, 75005 Paris, France.
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France

Controlled crystallography is needed for optimum performances of supported clusters and thin
films in many applications. For those objects, it is widely assumed that the values of the elastic
constant are size independent [1], in line with the ability of the continuum elastic theory to fairly
model some epitaxial films. The archetypal mechanical behavior of the nanowires questions this
approximation since, elastic parameters of wires less than a few tens of nanometers in size are
shown to be strongly size-dependent, as a result of the increase of the relative weight of sur-
faces [2-4]. Is that worth considering such dependence in the case of supported nano-objects?
MgO thin films are of particular interest in this context. The efficiency of MgO as magnetic tun-
nel junctions [5] is an achievement especially for thin films that gained popularity from their high
crystalline quality when ruled by cube-on-cube epitaxy, as on the FCC Ag(100) and BCC
Fe(100) surfaces. A consensus exists about the pseudomorphy of MgO films at the onset of
growth on these substrates. In-plane contraction of the Mg-O distance (2.98 A) is assumed to
match the interatomic Ag (2.89 A) or Fe (2.87 A) distances. It is compensated by a tetragonal
distortion that is modelled by taking the bulk MgO lattice parameter as a reference.

The present work runs counter this picture. Below 1 ML, the average in-plane parameter is low-
er than that of bulk Ag, as measured by EXAFS. Between 1 and 5 ML, it reaches a plateau
(2.92-2.95 A) intermediate between Ag and MgO bulk interatomic distances whereas a slight te-
tragonal distortion is observed, although the out-of-plane parameter of MgO/Ag(100) (2.93-2.96
A) remains smaller than the bulk MgO parameter. A semi-empirical Hartree-Fock quantum ap-
proach fully supports the experimental observation. The influence of, on the one hand, the
thickness and size variation of the misfit and, on the other hand, the larger stiffness of smaller
size islands, responsible for the existence of a small size regime in which the islands are unable
to adapt to the substrate are evidenced. The analysis provides a general framework that may
have far reaching consequences on many properties of supported nano-objects. In particular,
the present conclusions shed light on some aspects of the MgO/Fe(100) [6] and Ag/MgO(100)
[7] systems.

[1] Brovko et al., Surf. Sci. Rep. 69 (2014)159.

[2] C. Q. Chen, Y. Shi, Y. S. Zhang, J. Zhu, and Y. J. Yan, Phys. Rev. Lett 96 (2006) 075505.
[3] Bernal et al., Nano Lett. 11 (2011) 548.

[4] R.J. Wang, C.Y. Wang, and Y.T. Feng, Int. J. Mech. Sci. 130 (2017) 267.

[5] Parkin et al., Nat. Mater. 3 (2004) 862.

[6] F. Bonell, and S. Andrieu, Surf. Sci. 656 (2017) 140.

[7] R. Lazzari, J. Goniakowski, G. Cabailh, R. Cavalotti, N. Trcera, P. Lagarde and J. Jupille,
Nano Lett. 16 (2016) 2574.
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S3-TuM-IA-019 CAN SINGLE CRYSTAL MODEL CATALYST BASED ON THIN OXIDE
FILMS TELL US ABOUT REAL POWDER CATALYSTS?

Hans-Joachim Freund
Fritz-Haber-Institut der Max-Planck Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

Our understanding of catalysis, and in particular heterogeneous catalysis, is to a large extend
based on the investigation of model systems. The enormous success of metal single crystal
model surface chemistry, pioneered by physical chemists, is an outstanding example. Increas-
ing the complexity of the models towards supported nanoparticles, resembling a real disperse
metal catalyst, allows one to catch in the model some of the important aspects that cannot be
covered by single crystals alone. One of the more important aspects is the support particle in-
terface. We have developed strategies to prepare such model systems based on single crystal-
line oxide films, which are used as supports for metal, and oxide nanoparticles, which may be
studied at the atomic level using the tools developed in surface science.

However, those oxide films may also serve as reaction partners themselves, as they are mod-
els for SMSI states of metal catalyst. Using such model systems, we are able to study a number
of fundamental questions of potential interest, such as reactivity as a function of particle size
and structure, influence of support maodification, as well as of the environment, i.e. ultra-vacuum
or ambient conditions, onto reactivity.

The thin oxide film approach allows us to prepare and study amorphous silica as well as 2D-
zeolites. Those systems, in spite of their complexity, do lend themselves to investigation at the
atomic level and provide a unique opportunity to study reactions in confined space.

Corresponding author: Hans-Joachim Freund e-mail: freund@fhi-berlin.mpg.de
Tel.: +49 30 84134100 Fax: +49 30 84134101
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S3TuM-IA-018 ELECTRON STIMULATED HYDROXYLATION OF A SILICA B
Ru(0001): ON THE ROLE OF RADICALS

Hendrik Ronneburg?, Peter Clawin?, Nina Richter!, and Thomas Risse!

lInstitute of Chemistry and Biochemistry, Freie Universitat Berlin, Takustr. 3, 14195 Ber-
lin, Germany

The interaction of water with SiO, plays a key role in processes such as catalysis, semiconduc-
tor technology, geochemical processes or atmosphere chemistry on dust particles. To obtain an
atomistic insight into the elementary reaction steps, we study a SiO. bilayer prepared on
Ru(0001) under ultrahigh vacuum conditions with in-situ EPR spectroscopy as a well-defined
model system.

Previous work suggested two mechanism to hydroxylate a thin bilayer SiO; film prepared on
Ru(0001).1? In addition to a small amount of intrinsic defects present on the pristine film, which
react readily with water to form silanol groups, the film was shown to be hydroxylated further by
exposing an amorphous solid water film (ASW) adsorbed on the SiO- film to low energetic elec-
trons.

In this contribution we want to present EPR results to shed light on the involvement of para-
magnetic species in the electron stimulated hydroxylation process. The EPR results provide ev-
idence for the formation of multiple defect species: At least two species can be generated when
exposing the pristine SiO- film to electrons. Both species react with water, which leads to a de-
pletion of the EPR signal. The nature and properties of the species dependence on the experi-
mental parameters such as temperature, electron flux and time. The EPR signals are angular
dependent, which confirms them to be associated with the crystalline lattice of the film. We will
discuss the nature of these species as well as the dependence of their formation on the exper-
imental conditions such as the temperature of the sample.

Apart from paramagnetic species created upon electron bombardment of the silica film, expos-
ing adsorbed ASW films to electrons results in different paramagnetic species. We will present
experimental results to draw conclusions on nature of these defects and discuss the experi-
mental conditions determining the speciation as well as the amount of species present in these
films.

W. E. Kaden, S. Pomp, M. Sterrer-H.FreundTopics in Catalysi2017, 6, 471-480.

2X.Yu, E. Emmez, Q. Pan, B. Yang, S. Pomp, W. E. Kaden, M. Sterrer, S. Shaikhutdido¥relnd, 1.
Goikoetxea, R. Wlodarczyk, J. Sauehys. Chem. Chem. #2016 18(5), 37553764.
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S3-TuM-IA-005 INTERFACE AND STRUCTURE FILM THICKNESS EVOLUTION OF
CONDUCTING LAO FILMS ON STO(111)
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(0

The surface structure of polar SrTiO3(111) single crystals were investigated by grazing inci-
dence x-ray diffraction. Sample preparation procedures were optimized to reach Ti-terminated
(3x3) reconstructed or unreconstructed (1x1) surfaces. Both structures were carefully analyzed
and their respective structures solved from the diffraction measures. The (3x3) structure is due
to the formation of a topmost double Ti-layer with 1/3 partial occupation that generates large
empty Ti-spaces on the surface, similar, but not identical to that proposed by Chiaramonti and
collaborators. The structural differences between both models as well as the experimental

agreement between Chi ar amont ira§ data mib luk eliscusaed. dTheo

differences between them could be ascribed to the different preparation procedures of the
STO(111) surfaces between both cases.

In a second part a brief introduction to the LaAlO3 thin films grown by PLD on STO(111) sur-
faces will be given. The structural evolution of the films versus thickness as well as that of the
interface will be reviewed. The film relaxation behavior looks predictable. The epitaxial growth
of LAO on STO, together with the 3% of lattice mismatch between both, causes a film compres-
sion of 3.5 %, approximately, along the growth direction of the film.
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S4-TuA-1S-004 THICK AND ULTRA-THIN CERIA FILMS STUDIED BY NC-AFM AND
KPFEM: RECENT RESULTS AND OUTLOOK

Clemens Barth?
ICINaM, CNRS / Aix Marseille Université UMR7325, 13288 Marseille Cedex 09, France

I n this cont r i bdistussaecent nbnéontacigAd-M (grAFM)o Kelvin probe force
microscopy (KPFM) and assisting photoemission (XPS) results, which were obtained on thick
and ultra-thin cerium oxide (ceria) films in ultra-high vacuum (UHV). | present a compilation of
work mainly done in my lab and in collaboration with my colleagues. At the end | will give an
outlook with respect to graphene encapsulated palladium nanoparticles (PdNPs), which are
supported on the highly oriented pyrolytic graphite (HOPG) surface 1 a NP system that will be
soon studied also on ceria surfaces by nc-AFM and KPFM.

| start with results obtained on ~150 nm thick ceria films, which were grown with a hexagonal
Pr,03(0001) buffer layer on Si(111) substrates by molecular beam epitaxy (IHP institute, Frank-
furt-Oder, Germany) and which were studied together with the Michael Reichling (Osnabrick,
Germany) and Verdnica Pirovano group (Madrid, Spain) [1]. It is shown how high-quality and
clean films can be obtained by Ar* sputtering and by a high-temperature annealing in oxygen
[2]. The morphology and oxidation state of UHV annealed (reduced) and oxygen annealed (oxi-
dized) films are discussed [2], with a description of the atomic structure of UHV annealed films
at the end [3].

In the second part, | focus on ultra-thin ceria films on Pt(111) surfaces, which were prepared at
the CNR Nano institute (Paola Luches group, Modena, Italy) and transferred into the UHV sys-
tem at the CINaM institute [4]. Also here it is shown how such thin films can be cleaned. The
morphology of UHV annealed (reduced) and oxygen annealed (oxidized) films are discussed,
including an analysis of the local surface work function (WF) studied by KPFM. In particular,
phenomena of surface alloying between platinum and cerium are presented.

In the last part, | focus on the role of carbon at HOPG supported PANPs i a work partially done
together with the Henrik Grénbeck group (Goteborg, Sweden). It is shown that carbon sensitive-
ly changes the work function, and under specific experimental conditions even graphene can be
produced on the top facets of the NPs [5]. Such NPs will be studied also on ceria surfaces.

[1] M. H. Zoellner et al., Phys. Rev. B 85, 035302 (2012).

[2] C.Barthetal. Sci. Rep. 6, 21165 (2016).

[3] R.Olbrich etal. J. Phys. Chem. C 121, 6844-6851 (2017).

[4] G. Gasperi, P. Luches and C. Barth, in preparation for J. Phys. Chem. C (2018)
[5] C. Barth, J. Phys. Chem. C 122, 522-529 (2018)
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S4-TuA-l1A-024 FABRICATION AND MODIFICATION OF OXIDES ON THE NANOSCALE
BY FOCUSED ELECTRON BEAM INDUCED PROCESSING

Florian Vollnhals?, Christian Preischl?, Elif Bilgilisoy?, Hubertus Marbach*

Working Group AMicroscopy Pysikdlistha Gherhie It, RAUJEr- a p
langen-NUrnberg, Egerlandstr. 3, 91058 Erlangen, Germany.

In this contribution, we will present and discuss our unique approach to fabricate oxide materi-
als or to chemically structure oxide surfaces both on the nanoscale. Therefore a focused elec-
tron beam with a diameter of down to 3 nm width of a scanning electron microscope (SEM)
housed in an ultra-high vacuum (UHV) chamber is used to very locally modify the properties of
matter. The corresponding techniques are subsumed as focused electron beam induced pro-
cessing (FEBIP). In Electron Beam Induced Deposition (EBID) adsorbed precursor molecules
are locally dissociated by the impact of the electron beam leaving a deposit of the non-volatile
dissociation products on the surface. By using metal and oxygen containing precursors or by
postexposure of metallic deposits to oxygen we are able to fabricate oxide nanostructures. One
example is EBID with titaniumtertraisopropoxide (TTIP) which yields deposits composed of Ti
and O but also significant amounts of carbon as a contaminant. By heating while dosing oxy-
gen, we are able to fabricate pure TiOx nanocrystallites and follow the growth process in situ via
SEM.! Another precursor suitable to fabricate oxide nanostructures is Co(CO)sNO.2#

Recently, we were able to expand the family of FEBIP techniques to Electron Beam Induced
Surface Activation (EBISA).> Thereby, in a first step, the chemical properties of the surface itself
are modified via the e-beam such that it becomes active towards the decomposition of certain
precursor molecules. In a second step, the surface is exposed to a suitable precursor, which
decomposes at the preirradiated areas and eventually continues to grow autocatalytically.
EBISA was first demonstrated on oxide surfaces (SiO«8, TiO,” and MgO) and the corresponding
activated sites could be identified as oxygen vacancies generated via electron induced oxygen
desorption.>7” Interestingly we also observe different chemical selectivity, e.g. autocatalytic de-
composition, depending on the actual substrate precursor combinations.3#

In a more vivid picture, one might think of the electron beam as a pen and the precursor mole-
cules as ink in the FEBIP process. The underlying surface chemistry, the physical processes
and in particular, the potential to fabricate and structure oxides on the nanoscale will be dis-
cussed.

[1] Schirmer et al., Nanotechnology, 22, 085301 (2011)

[2] F. Volinhals et al., Beilstein J Nanotech. 5, 1175(2014)

[3] Drost et al., Small methods, 1, 1700095 (2017)

[4] Drost et al., ACS Nano, DOI: 10.1021/acsnano.8b01071 (2018)

[5] H. Marbach, Applied Physics A, 117, 987 (2014).

[6] @) M.-M. Walz et al., Ang. Chem. Int. Ed., 49, 4669 (2010) and b) PCCP, 13, 17333 (2011),
c) App. Phys. Lett., 100, 053118 (2012).

[7] F. Vollnhals et al., J. Phys. Chem. C, 117, 17674 (2013)
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S4-TuA-l1A-034 ADSORPTION OF TETRAPHENYLPORPHYRIN ON MgO THIN FILMS:
A COMBINED SPECTROSCOPY AND MICROSCOPY STUDY

Michael Hollerer, Hannes Herrmann, Larissa Egger, Georg Koller, Michael G. Ramsey,
Martin Sterrer

Institute of Physics. University of Graz. Universitatsplatz 5. 8010 Graz. Austria.

The metalation and self-metalation of free-base tetraphenyl porphyrin (2H-TPP) on metal sur-
faces has been extensively studied in surface science. On most metal surfaces, porphyrins and
metalloporphyrins adsorb in a flat adsorption geometry and form a square superstructure by
self-assembly at room temperature or above. Much less investigated is the adsorption and post-
metalation of porphyrins on oxide surfaces. Quite interestingly, however, also on metal oxide
surfaces self-metalation of the free-base porphyrin 2H-TPP has been reported, e.g., on MgO [1]
and TiO2 [2]. For MgO(001) thin films on Ag(001), the self-metalation process was most con-
vincingly demonstrated by the specific evolution of the N1s XPS signal with 2H-TPP coverage.
In this talk, we present a comprehensive investigation of the adsorption and metalation of 2H-
TPP on Ag(001) and MgO(001)/Ag(001) thin films using LEED, TPD, STM, XPS and UPS. In
particular, we will discuss the self-assembly of 2H-TPP on Ag(001), structural transformations
induced by metalation of 2H-TPP on Ag(001), and the electronic structure and self-assembly of
Mg-TPP formed by self-metalation of 2H-TPP on MgO(001)/Ag(001) thin films. Finally, the pos-
sibility of charging of 2H-TPP/Mg-TPP on ultrathin MgO(001)/Ag(001) thin films will be dis-
cussed.

[1] J. Schneider, F. Kollhoff, J. Bernardi, A. Kaftan, J. Libuda, T. Berger, M. Laurin, O. Diwald,
ACS Appl. Mater. Interfaces 7 (2015) 22962.

[2] J. Schneider, M. Franke, M. Gurrath, M. Rdckert, T. Berger, J. Bernardi, B. Meyer, H.-P.
Steinriick,O. Lytken, O. Diwald, Chem.-Eur. J. 22 (2016) 2744.

[3] J. Kobl, T. Wang, C. Wang, M. Drost, F. Tu, Q. Xu, H. Ju, D. Wechsler, M. Franke, H. Pan,
H. Marbach, H.-P. Steinriick, J. Zhu, O. Lytken, ChemistrySelect 1 (2016) 1744.

[4] G. Di Filippo, A. Classen, R. Pdschel, T. Fauster, J. Chem. Phys. 146 (2017) 064702.
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S4-TuA-IA-014 MANIPULATING PROPERTIES OF THIN OXIDE FILMS BY ELECTRIC
FIELD: EXPERIMENTAL AND COMPUTATIONAL DESIGN

Marek Sierka® Martin Becker! Adriana Szeghalmi? Vivek Beladiya?
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2 Institute of Applied Physics (IAP). Friedrich Schiller University Jena. Albert-Einstein-
Str. 15. D-07745 Jena. Germany

Plasma-enhanced (PE) atomic layer deposition (ALD) is a versatile coating technology based
on sequential, self-limiting, saturated surface reactions and offers atomic precision of material
growth. It is applied to deposit a wide range of materials including oxides, nitrides, fluorides,
metals, and even organic thin films. The properties of PEALD coatings, in particular mechanical
failure due to residual tensile or compressive stress are of paramount importance for their tech-
nological applications. However, PEALD allows for only limited control of material properties by
variation of plasma parameters. Recently, it has been found [1], that applying external BIAS
voltage to the substrate can significantly influence most material properties like refractive index,
stress, transmission, crystallinity and thin film density (e.g., Fig. 1), but the precise mechanism
of this phenomenon is still unknown.

Figure 1. SEM image of TiO2 PEALD film grown at
100°C using 50 sccm Oz flow and 300 W plasma pow-
er and 0 V DC bias showing numerous anatase crys-
tallites (left) and at +25 V bias showing amorphous
material (right).

Here, a combination of computer simulations and PEALD experiments is used to shed light on
the influence of external electric field on the growth process of oxidic materials using SiO; coat-
ings as model system. Two possible mechanisms are investigated (i) bias-dependent energy
transfer between plasma sheath and the surface, and (ii) assuming partially ionic character of
the material electric field may influence stability of surface species by creating an additional
force, Fi = g E, on each atom, where q; is the partial atomic charge and E the electric field
strength.

1. S. Ratzsch, E. B. Kley, A. T¢nnermann, A. Szeghalmi. Materials, 2015, 8, 7805-7812.
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S4-TuA-IA-013 XPS ANALYSIS AND DEPTH PROFILING OF METAL OXIDE THIN
FILMS USING AN AR CLUSTER SOURCE

Mark Baker!, Mohamed Al Waily!, Robin Simpson'?Paul Mack?, Roger Webb?

!Faculty of Engineering and Physical Sciences, University of Surrey, Guildford, Surrey,
UK

2Thermo Scientific Ltd, East Grinstead, Sussex, UK

In XPS, argon gas cluster ion beams (GCIB) are an exciting new tool for sputter etching and
depth profiling of material surfaces. Currently, little is currently known of the benefits and draw-
backs of using GCIBs to remove surface contaminants and depth profile inorganic compounds.
Compared to existing argon monatomic ion beams, the low average energy per atom (E/n) and
multiple impacts leads to a very different material response to ion impact. In particular, for many
metal oxides, preferential sputtering of oxygen using monatomic ion beam sources has long
been an issue in XPS and CGIBs may offer a route to reducing or eradicating preferential sput-
tering.

In this work, XPS depth profiles through various metal oxide thin films using monatomic and
cluster beams using different GCIB parameters will be presented. Comparisons will be made
between preferential sputtering, depth resolution and other important depth profiling parame-
ters. It will be shown that the response of the material and quality of the GCIB depth profiles is
dependent on the GCIB parameters. Using specific experimental conditions, the degree of pref-
erential sputtering for all of the metal oxides studied could be reduced or eradicated using the
GCIB compared to the monatomic source. Molecular dynamic simulations of cluster impacts will
be employed to inform the discussion of the results.
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Indium oxide, In203, (colloquially named ITO when doped with Sn) is the prototypical transpar-
ent conductive oxide, and is omnipresent in any application where electronic and optical proper-
ties are of essence, from novel solar cells to optoelectronic devices and chemical sensors. As
the interface is central in all these applications, understanding the fundamental electronic, geo-
metric, and chemical properties is critical, especially when going to nanoscopic dimensions in
novel device architectures.

As a model system we investigate the non-polar and thermodynamically most stable surface,
IN,03(111) with low temperature STM/AFM, XPS and DFT, using undoped single crystals and
thin films. This talk gives an overview on our current investigations on In,O3(111) including the
adsorption of water [1] and the interaction with the prototypical organic molecule sexiphenyl
(CssHazs, 6P) [2].

Dissociative adsorption of water on the In,O3(111) surface is observed above 100 K, where the
dissociation takes place on lattice sites of the defect-free surface. At room temperature the sur-
face is saturated with three dissociated water molecules per unit cell, symmetrically arranged
around the six-fold coordinated In atoms. The fully hydroxylated surface shows a (1x1) struc-
ture with respect to the clean In,O3(111) surface. The three terminal OH groups plus the three
protons (forming surface OH groups) are imaged together as one bright triangle in STM. The in-
ternal structure is revealed by AFM measurements, and manipulations with the STM tip, where
surface OH groups can be individually removed.

The interaction of large organic molecules with surfaces is of great fundamental interest and
important in many applied areas. Surface science investigations have significantly contributed
to understand the organics/metal interface, but the second electrode in such devices i the one
that is optically transparent i is unknown territory. Our study closes this gap. We find that the
6P molecules adsorb in a flat lying and oriented geometry. From the adsorption site of the sin-
gle molecules on the complex oxide surface it is clear that the 6P prefers the interaction with
the 5-fold coordinated indium In(5c) atoms, and avoids the oxygen-terminated regions. At high-
er coverage the molecules reorient into a densely packed first monolayer with a distinct pattern
that is also based on the atomic configuration: half the molecules are able to maintain their
preference for adsorbing on In(5c) atoms, while the other half are stabilized by molecule-
molecule interaction in a less favored adsorption site.

[1] Wagner M. et al. ACS Nano 11 (2017) 115317 11541.
[2] Wagner M. et al. ACS Appl. Mater. Interfaces, accepted.
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S5-WeM-IS-009 ELECTRONIC PROPERTIES OF NANOSCALE OXIDES

Alexander L. Shluger
Department of Physics and Astronomy, University College London. Gower Street,
London WCI1E 6BT

We review and discuss electronic properties of nanoscale oxide powders and polycrystalline
and amorphous oxide films on semiconductor and metal substrates. The experimental and the-
oretical evidences are provided for the existence of intrinsic deep electron and hole trap states
caused by the presence of low-coordinated sites and disorder in these systems. We will review
theoretical methods used for creating models of polycrystalline and amorphous structures and
electronic structure calculations of these oxides and discuss some of the challenges in model-
ing defects in disordered materials. We will then discuss theoretical models of electron polarons
and bi-polarons in oxides and demonstrate how these intrinsic states originate from low-
coordinated ions and elongated metal-oxygen bonds in the oxide structure. Similarly, holes can
be captured at under-coordinated O sites. We will discuss electron and hole trapping in poly-
crystalline and amorphous oxides, such as MgO, SiO2, Al,Os, TiO2, and HfO,. We propose that
the presence of low-coordinated ions in amorphous oxides with electron states of significant p
and d character near the conduction band minimum (CBM) can lead to electron trapping and
that deep hole trapping should be common to all amorphous oxides. Finally, we demonstrate
that bi-electron trapping in oxides weakens Me--O bonds and significantly reduces barriers for
forming Frenkel defects in the bulk and desorption of O and Me atoms at the surface. These re-
sults contribute to our understanding of the mechanisms of photo- and electron-induced desorp-
tion of atoms from oxide surfaces and degradation of amorphous oxide films in electronic de-
vices.
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S5-WeM-IA-012 FORMATION AND STRUCTURE OF BLACK TI102: INSIGHTS FROM
SIMULATIONS

X. Zhao?, S. Selcuk?, A. Selloni?
1 Department of Chemistry, Princeton University, Princeton, New Jersey 08544

2 Center for Functional Nanomaterials, Brookhaven National Laboratory, Upton, New
York 11973
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TiO2 nanomaterials are of great interest in various fields, ranging from energy conversion and
storage to coatings and biomedical applications. In particular, recently intense efforts have fo-
cused on bl awchk cthi @onsi sts of p-bhellthanopartices (NRS)
that absorb visible light much more efficiently than pristine TiO». It is widely accepted that the
characteristic properties of black TiO, are due to compositional and structural changes in the
outer shell of the NPs while the core maintains the crystal structure of conventional TiO,. How-
ever, the detailed atomic scale structure of the black TiO> nanoparticles and the mechanism of
their superior activity are not well understood.
To obtain insight into the stability and properties of these NPs, we carried out first principles cal-
culations on model structures consisting of reduced overlayers on the majority (101) surface of
anatase, the TiO; phase typically found in nanomaterials. The overlayers are formed by aggrega-
tion of extended defects known as crystallographic shear planes, which are relatively frequent in
TiO2 and other reducible oxides. Our results show that formation of a reduced overlay e r  (
on the anatase surface is thermodynamically favorable under a wide range of experimental con-
ditions. This shell has Ti.Os stoichiometry and its structure is not the well-known corundum-like
Ti»Os, but a novel phase, denoted csp-Ti.O3, that has not yet been reported. csp-Ti»O3 is very
close in stability to corundum Ti».O3; and has a band gap of 1.2-1.8 eV, consistent with the ab-
sorption of black TiO,, suggesting a possible role of this phase in the properties of black TiO2 na-
nomaterials.
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S5-WeM-IA-031 ADSORPTION OF WATER AND LARGE ORGANIC MOLECULES ON
ANATASE SURFACES

Rubén Pérez

Departamento de Fisica Teorica de la Materia Condensada & Condensed Matter Physics
Center (IFIMAC), Universidad Autonoma de Madrid, E-28049 Madrid, Spain. Spain

Anatase TiO: is the material of choice for both photocatalytic reactions involved in solar water
splitting and optoelectronic devices used for energy harvesting. Methods for the accurate char-
acterization of this reducible oxide at the atomic scale are critical in the exploration of outstand-
ing properties for technological developments. We combined simultaneous AFM/STM experi-
ments with first-principles calculations for the simultaneous imaging and unambiguous identifi-
cation of atomic species at the (101) anatase surface [1]. We demonstrated that dynamic AFM-
STM operation allows atomic resolution i mag
on key distinguishing features extracted from calculations and experiments, we identify candi-
dates for the most common surface defects.

Recently, we have extended this approach to characterize the technologically relevant organ-
ic/inorganic interface structure between pentacene molecules and the anatase (101) surface
[2]. A multipass AFM imaging technique overcomes the technical challenge of imaging simulta-
neously the corrugated anatase substrate, molecular adsorbates, monolayers and bilayers at
the same level of detail. Submolecular resolution images revealed the orientation of the ad-
sorbates with respect to the substrate and allowed direct insight into interface formation. Penta-
cene molecules were found to physisorb parallel to the anatase substrate in the first contact
layer, passivating the surface and promoting bulk-like growth in further organic layers. While
molecular electronic states were not significantly hybridized by the substrate, simulations pre-
dicted localised pathways for molecule-surface charge injection. The localised states were as-
sociated with the molecular LUMO inside the oxide conduction band, pointing to efficient trans-
fer of photo-induced electron charge carriers across this interface in prospective photovoltaic
devices.

Predicting how defects and molecular adsorbates (e.g. phthalocyanines, usually employed as
organic dyes in dye-sensitized solar cells) affect the electronic structure of anatase requires the
use of DFT with hybrid functionals. These calculations are computationally very demanding
when implemented in standard plane-wave (PW) codes, and approximations like DFT+U are
usually employed. Comparing both PW and LCAO approaches (as implemented in VASP and
CRYSTAL respectively), we show that LCAO methods, with a reasonably modest basis set,
provide an accurate and efficient alternative to calculate the properties of the stoichiometric and
defective anatase (101) surface. We demonstrate the potential of the LCAO approach to deal
with the large systems performing the first ab initio study with the hybrid functional HSE of the
adsorption of the phthalocyanine H,Pc on anatase (101) [3].

Finally, we revisit the interaction of water and anatase (101), that is crucial to improve the effi
ciency of the photocatalytic reactions involved in solar water splitting. Despite a significant re-
search effort, it is still not clear if water prefers to be adsorbed in its molecular or dissociated
form on anatase (101). With the aim to shed some light on this controversial issue, we perform
DFT calculations with hybrid functionals to study the dissociative and molecular adsorption
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modes on the anatase (101) surface from low coverage (0.25 ML) up to a monolayer (1
ML) [4]. Our calculations support the presence of OH groups at the surface and the role
of water coverage, in agreement with recent experimental results. The relative stability of
the dissociative and molecular adsorption is shown to be strongly related to the types of
hydrogen bonds formed and to adsorbate-induced atomic displacements in the surface.

[1] O. Stetsovych, M. Todorovic, T. K. Shimizu, C. Moreno, J. W. Ryan, C. Perez-Leon, K.
Sagisaka, E. Palomares, V. Matolin, D. Fujita, R. Perez, and O. Custance.

Nature Communications 6 7265 (2015).

[2] M. Todorovic, O. Stetsovych, C. Moreno, T. K. Shimizu, O. Custance, and R. P@rez.
Submitted to ACS Applied Materials & Interfaces (2018)

[3] R. Martinez-Casado, M. Todorovic, G. Mallia, N. M. Harrison and R. Perez.

Submitted (2018)

[4] R. Martinez-Casado, G. Mallia, N. M. Harrison and R. Perez.
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S5-WeM-IA-009 MIXED OXIDES AT THE NANOSCALE: MICROSCOPIC MECHANISMS
BEHIND THEIR STRUCTURAL AND ELECTRONIC CHARACTERISTICS

Claudine Noguera Jacek Goniakowski and Ha-Linh T. Le

Institut des Nanosciences de Paris, CNRS and Sorbonne Université, Paris, France

Doped and especially mixed (ternary) oxides represent promising materials with many potential
applications in spintronics, materials for energy and environment, etc. Indeed, combining two
cations of different size and/or electronegativity is expected to allow modulating the structural
and electronic properties of the resulting alloy. However, there are presently large gaps in our
understanding of the formation and properties of such mixed oxides, especially at the na-
noscale.

In this context, considering the technological importance of transition metal oxides and in par-
ticular the sesquioxides X>Os which crystallize in the corundum structure, we will focus on
mixed transition metal oxides of XYO3 stoichiometry, within three architectures of different di-
mensionality. Relying on first principles simulations, we will analyze and compare the structural
and electronic properties of bulk mixed XYO3 oxide in the ilmenite structure, X,03/Y203 (0001)
heterostructures and XYO3z honeycomb monolayers, free-standing and deposited on an Au(111)
substrate (X, Y=Ti, V, Cr, Fe), and we will highlight the driving forces toward mixing.
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Figure: from left to right : bulk mixed XYO3 oxide in the ilmenite structure, X>03/Y>03 (0001) het-
erostructure and XYO3z honeycomb monolayer. Oxygen atoms are represented in red and X and
Y cations in blue (dark and light).
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