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Abstract

Adi veyresledr esfeamalyi ngphbtomol taics to heterogeneol
on the under st andadrngga na fc trdndlls® califesdtsad f s Wr f hcest he
present wearvlkestigate the elsscdhonnoeiphropeadi gs amf
mechanical .©Qumai atiexperi ment al reifemr esgect so phopy
simulation of which belhomeghautrechirsi hgedsiopi c
The yrof paeddrersiisiersv eosutri gamieoanbeos bDWot he acene
hexacene and begdt abene itrhteen aatgiesumewiatts Ag (" hy)
Cu(hSymul ati ons ormettdale imotl ecfudees within density
strong charge transfertfieomotl élerulsaadbdsikta geheast. we heg nd
amount of tr ansdfeetrerremly naththaerbgeed siosr pt i on conygurati o
mol esfutem t-hrer fCuce by o0Xxygedci spcaussssinvtteainivmoonb,dwé ar

i nteracitdwlnay in photoemission hegepéensos gopmy sandb.i
experimental data to the alignment of the acenes
I n shReondwe@afbocuselercttrioemi ¢ and ge omeettartigcanprcop e |
ompl exes bel ongi Mgt etta apheracllas.s ©d i mprove t he
xidation and csepn tNricedltgantvwee oebHpilhdeyar d correction to
unctional t heionr yt hcea | fcourl ma toi fo ntshFeo rGpakit+HJa |aopgpyr aomaicrhe
nd thadtiioont ewiath a Cu(hyy) surface induces an a:
t

f

0

n

< ™" 0O O

s coordination pocket spwhicsflt attheen meastanlt hceehrdtrrges s
at eNiraphenyl porphyrin i nhenwhaazedsorwalt elddtsmon st r
nygurcatn one byurmedorption of é&xtrernmalteg-d&kei gan:
teraction between nitrogleais di oxitthe &opdmathieonmnMNic
paramagnetic complexFatrtheomotempaespromosei bhat
of nitric oxide at the interface and el aborate or
mechani s m. Besides the properties ofadtdree k®sent r a
i ntessfpeacea yc geometri ekbohmpatoghyrairrhsprechh § c,- momen:
resolved photoemission data is able to shed I ight
The third anodf ytnhaeli gsphaerstheer nesd mwi ahi a-tmesd| vteidne
photoeméspéeoinmehed | thbt ernited states of extende
I'n our caledwlsacttihdreexcited s-taspsnswkdmarmbkartardensii
functiona$ wélevot fashme nwrbaondyy perturbati on f rr-amewor k
Sal pegqwat ifasn.a yr st step, we assess the sensitivi
spectrumdtiQwearedssefil t heoheg dmderl ying exciThed, st at
we apply our approach to a practicaBy ecxoamppa rei nogf
experi dantatlht bedri cal, rwesudxamine the photoemissi
excitonjcose adtfeswhich is a charge transfer state

- O O



Kurzzusammenfassung

Das Hauptaugenmer kgtdi ae@wferdeAr bguantlerme cvlobanni sche
Grenzp#eowhermhen organischen Mol ek¢il damuvdr Met adh b
i hrer elektroni sgEhwine E€é gleabehmhadeanyeir sd/er gl ei ch v

experiment el | etne nunRlh dbteoreemcihsnsei onsspektren.

Der Hauptteil der Anbedrtei DéTieciddaastt e siTeldile behart
Wechsel wirkung zwischen zwei Vertretern aus der
mi t Silber und-ObKeurpif2ecbie &St 'my) emnbasi er end auf (
Dichtefunktzeamiemheogeé prLladgtuenrgstwvamsdenr Metrml | subs
zu den Mol Pkel denge der ¢bertragenen Ladung wird
Ace-Met al | System besti mmt, sondern RBaséi wioer td ema |
di e KOpteep2che mi t Sauersto?, | 2 sst il ek ¢ i & n We c
Substrat u Mt eesrblianudbetn i inntse,r mbileekul aren WedéasehwirKk:
Aus wi reknuanug di e be®fbhatbeeami @as Pas &tudt emt er smchen

BesondéeréWwieami ne Verbindung zwischen derveagxmpediumeal
und der Anordnung der Acene auf der Oberp2che he
I'm zwei tdeer TAavibled én whmeaet adnsorgani schlzreahmKBmple xen
st ehheineNi ctee Ir apyYermrmilnd manude nOber palkrheden Owindlat i ons
Spinzustand HNec#@dbrst rbzelsesechreée bwandeenddevbibrar d
Korrektur zkiti dDn xlhtted ®@mhenen der GGWi+tU Medhadlet en
dass Weicdhhsel wirkung mit -@bherep? ckuep f daocsm( Nenhpbkeed

Pht hal ckoynphéenres aus seiuwmgre bKagr dimaRi ohsu.ng Sub:
Daduwh andeder sdpcihnzustand des &Mienamdd art oiMsr.t eAn h a
TetraphenyIMoonroplhayeriegne we iwt, erwsi e sich damucdBwrimlzust a
Int eraktion mit extmearnnieprullGFaestteanivpazdeédre ben i st bei s
Sticksto2didowxellireedarti ge Wechsel wi rrkemtgr umi te i cheemn
stabil en, paramagnetimclicege Kemplk 6d a b ik ls ¢h ® Baamidn t
zer f adelnenn mderegl ei chen GreMizpaddds&k udu 3 e@tnzte.i ne mo°
des-ZEintrums in diBiser WeRehske liwinr. k urMedml i n SWset e ing
beeinpussnemhabeanur das Metall atomhdei eKGmplmex e | e s
Tetraplyirgraonlbiea . auftretenden Konf or-Gatrt §lodnsesne nd essi ckKho
mit winkel aufgel®sten Photoidmnhssi onsmessungen unif
I'm Zent rdurmintdteeg | e i ¢ h zeetnzitksg t edhite t heoretismbhpe Bes
vozeitaufgel°ster Photoennits @déems ospenlati onleopicdber a
Zust a@ndoer gwmon schen Mol ek¢len zu gewbesehrwiilmemnunse
angeregte ehusetdiede r Ce&sedahungRahmezei debhif ngi ge
Dichtefunktiodmailtttheelpst Pkt gst heor eetd esrc hBSpa Ihfee $ & tr z
Gl ei chung. Zun?chddan vieirrgped chemt et hehivendisivelrd a hr e
Berechudnemg angerzZeugstte? ndev oauhfe r géRehaogtt e mi pseskitornesns
Danach anal ysizeirteaau f wierl © dt en Dat en ei fFaud | ET lems a
Mol ek ¢l en. Mi t SHimufl et guenksieemr getr uns di ederfdenti yk:
experimentell abeomgubt énare,
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Sinbertoundbrdeeavkeilnogp ment of the fundament al t heo
its outcomes, obtained by numertiac aldn dernmsptaaraddi on s
on |l evels far beyond our eyes could grasipheat t he

theorefRiomdlso beneyted expaesmimenbvabhpoadeessandin
the small est parts mnment ahl sypdsdtmri smmenih & rulireekkas .
such ever growing yeld of r es eoafg cdraniisc ceollveecrterdo nh
summari zes a broad range of electronic [@desv]ices fi
which are not sol eliyncdiragsaendipconehhe bblbasaltganiacor
mol ecBesesdes the intrinsic properties of the mol ¢
| ar geeltyer mi ned by the interf aceormtedicdecem Mmpoheaou!| of
the device, which therefore haBHogeveemtiehearcd a end
bet weegani c moaldeaoulgesni ¢c sonf gcestesenbing from a
of vVvkiewdi ng its wayontnrtml Icihnegnisfiemoharedli@eakEace s
opened the door f phoe tneerwo geemaciash dnasthaelmi cipdi™ skhsor s
is thiwarliecedgyp loifctbhamowa daryisvesear cheutdlyet oi nterpl a

[
bet ween bouiglachiircg bl ocks ,amwthi epoi,hesuefiacak cal cu
providei ght intoohhanpratomiEspd oyl mgelQuant um mec
simulani ohss thesbstrinmpbeparhéeo under stthaen delnegc torfo n i
structure of molecular interfaces.
We wi | | gtoaurrthepor surface

science by wmbludagruhgl a
acenhks . depi ¢t gdhrhe ,it ean ¢ Olsl
consi st of several ben/ ene 0 nax S e

) )  Fi glldr eGener al structur a
l'inear <chain. Depositpn+2 penzene moieties. S,
t hey ehsapveecgandd) attention in the search for organ
t hat one family nje mbbeern z epnecretvaecnegngex |l | y became one

studied mol ecul &s, Bent tthheer yienadr easing the aromati
acocmpani ed by properti eel efcatvroounrisab ¢ dee diocre s{ ormpd @9i ng
mobility and a d¢¢ithdgds Hageobiaringdy racp pemt acheeneser i e
of aedeasorbbedn mi ttelde bdyi Scult experimental handling
t o thhiegileact[ifMivw®nly recently, ovehasmbeemambddietduw
o achieve a controlled growteh yoBadpdfmmgtelri s ctemeessi
edicated to the sawhkehe @wEb e me daitaicceewrd afc e s . En part
tuchgnol ayer hgx amse md (1 rings) aond mepabcenmef dce
oppmenrd slifiivlelAt t he hand ofephes ¢ mratdiondaas®mduce den
unctional theory calculations of extended syste
requently anal ysedimomg sqgthwepsrmg etct phhot oemi ssi «
tomography as -bmesoff achee sgcoi enameaviieemai gue s et @l
alignmetnhttr ohmokeecul ar Forbhemmavee addrvesal ways h
photoemi ssioncampeassostcopy atnhde cihmveaesdicgatzead® on
interfaces.



Whi | ei nttheer et iwvare e aead
sur fsdcse rather stduwd ghof or v
their edfiyohplocar btowmr ¢heruc
second <chaptemordead eampwietxh
systemauite lTidkyoalsliyder i ng
Figl@rSd ructural formul an met-at gani c clompti Rixesbroad c
(Ni ,TPIRRmychNf okel phthalloee Of molecular ocgampobands,ganc
coor dian aneet afl! Ji]JoFo r extended?2sybetempoysshboibiotnl y
nNpuence the inveamaganipc omeditrowlstea batpd Dlived t he
novwnpin and oxidationranamediiatenTshetriolmitsy ngf yel ds
esearchilting from the <control amd amatuin g lalc@ti on
pintronics or hetleiiflog®oeowd ¢ dtealayl smosst inynite
igands, we focus on the mol ecul ar aoglrassaeotfetlet ne
r-i nge structure, in the cEattmra&pyrfr onnhe sc harae npedra
nown from their mo s t i mportant r eepurebna g at dteiewme s ,
er meEhhe APi gmenfisdlpé Lofeheiirn anbalthugreenpbyrin of i nt
thissthesiaphenyl porphyFiglbséhosvmcoodtthetdapyr r
have achmod erc utlhee fgrroomup of phthalocyaniFngsr aket
.While phthalocyanines cannotealsg f oursd metrieesins ar
osely rel atedi itro fpaoatp,hyrtihresy coul d chemicall
e
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trabenzotetraazapdrephyroirdi nahi geneobpakettof a t
corporate vapPurmoumaimetiant e roenst i nwasilsethesssbl s
in and oxidation states of Nickel ( Ni ) . Chel at ¢
h)Yy oxidation stafgleanaNri (ényi.rdmmestguiamagespionsi b
stribution of t he ment ailidss atFersw.a| & h otaegtle lagoytr r o se
mpl exes exhibit ndemonshawt easlpii 1, elwectwidhic pro
ned contact wWiito]r abyuekbaegnidlIh.]lsnt iommudear to corr
scribe the s$pheEniataeréaca, we have to extend our
eory wi-¢ &l Itehde Hwbbard correction, woicohntpr dwovoes
peri mdstealv.ati ons

The yrst two chapters are mainly fcomrceeumaeds twatt
propemwtfi esspeci yc mo,l perceud cami nana ¢ yes with t he hel p
spectroscopy. | wet hekgnahechkaptpef urther and enter
We are inspired by tthiemeebneepddohgemnserest spactr os
has resulthe dc dmmimpahtoitoone nofs si on we ffleatt roesecomyd | as e
The short &labkew ®Ppolepsically excitfexaistdeadn®esirt or t
ti me wi t h photoeemgsebved. dangctei on of t he phot o
characteristic yngerprints of t[heh exBeéetedtliIsy,ates
for maltiesrmmed fAlaPOdden devel oped tsoucphmdtuo ¢ mivesiyon

O 4 o 0 o un —

X O ® & O

datfa r'The method is based on the simulation of th
mol ecul e connecting the photoemissiwavesifguinaclt itoon s
I n this chapter, we intend to test the applicabil
yrst | earn about two methods to calculate excitet

ti Meependent density flemaniodg!| pehéear patingding hr ame



Bet-Bal peter equation. Attt eheevalndasd asfigswerx P@E s et

the yrst application of the new formalism to
a r-leiaffe system. I n ou S
t he absorptiont hepefcul
mol ecui(dsr €ct uRieg Wi ei ma
mul t i bBnady eirnt er pr et tihtes + e anawv s v U

it d t at Figl3 e Structur al fda mmeu
excirte states asS Myyuckminstegrfull erene C
resolved phptokemissio.
Foll ovhiireg o®dit |, i ntehe tthaesii csatlrlwect urteldé hireteo parts
menti onedEaathbv ¢ he seh atptgdereewiht e neirmmtir oducti on i nt
theorgn which the ®&lapgtetahred smaionc ulsedly of each cha

byt heespeptubi¥ecati ocnosv,er whiheeh results .bMMbstmyofreshar

pu
re
sc
me
t e
co
pr
i n
on
be

bl i s@atmeomgedar r o mt eertpweaemyv ér a l surface ,stchieence .
sults of which all deserve to be treated expli
ope of thidés sthesi speciycally myCacosmeagtutahitsbnal

ans thasimpldy neprint t het hpeubrhd rsthedr ivpetrss i louint ohfa
X t a n da nydgnua cersp csrugptpd e mecnotnapruyt ar ecsmalk s hel pful o]
urse of tAlparpr djreoant ss.ome diccasddHinerp assheeed dat a
oven necessary for theéuuobebxepresrtiatheditmdglinsolbe theun &
the respecstAtvet hpeubdrnad adfl omaenmac h a gt erwhat we he
t heFiwmawd ywi | | e ndo wt It ihinceae adsfr iaenfd f ut ure project
neyt from this thesis.

Tak-Bome mesdHagy€h( dughout t himse nohrebshihse
of each section wulbh ulee bouxmma rtioz ehde |
essenti al i nfor mati on.






2Goil Bgyond Pentacene

SummarNumer ous havediuny awleiln edi | m pr
prototypical semiclomdauaacrtomr a $ te otidadcosines
have only recentnldy bbreceung hsty fotnint eos irszieddir
this chapter, we investogdéereetdheorbd
hexacene and hept ac.efroe odbnt acai nanger
i nt erwfeacareas nphotuboemi a3ei on dami aplprtoa
we compare experimental a nd ns itmuivsa
characterize the c¢chemimsobepuraecet moarelua
me tsaulr f aces .DAgoapti €@g)the acenes él

passiwiatthh oojmx glgfeac uisnnmomlrecul ar 1 nterac

on the phot oemi ssion spectrTaheofr essth
summarized in the f:oll owing four pul

T M.S. S?2ttele et 0&I2.He xJa.c ehhey so.n ChAhgelna n dC QGu
T M.S. S2ttele et al(.Hepd.ackPhnyes.onChlegm. C (.
1T T. G. Bon® et al.,(HeptPhgeneCbemCulL (202:
T IT. G Bon® et aMattrr(FepR a3y eban@ad n s .
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2. Tlheoretical Background

2. 1ll.nMt roduction to DFT

For anyatttheenspitsi ng mod esiurhwalr a openeap © misisceéasl ot t i s al mo
inevitable to start wi t h onien ophyshiec smoastt U ef ahmomis

Schr°dingerl tsqumtiinbnciomdcephe-bmmdyny waveyl feurwdttihon
t he eietcl uding the coordinates of lanl It hpearitd ecd eosf f¢
mechani cs, this entity fully describes the state
physical propertyi net aabl e sp osstsaithe .ee F gsyt a®todbtneash g e n
system are given by the eigeévhhd arees!| atfi wihset iH@man d
independent tfharsmeghathowe will b e immo stthliys, i ceohnacpet ren
gi viefeaq u.h.

o Or Equ.bh
I n the <case of mol ecul esal It heoMtamii b utoindorhsn ttb@ n s h
interatteictihgohei . sWamemy, this i ncl t¥aensdrafheb oktihn et i
typemarotfj ctles atomic nucleispard invisethyeed leecit riomtser act
W, the w@uetwion mwtemdcttheorrelteercam onnd ersakdgnh.o.n
Consi deeliemgt r annsu caared pos»iatri#bnespectit\heel yon@ae/ r éteo r
written in iBelhf Nbtefohamt abere dslefranvathaeadoest o

atomic un@Qté whe+re p.

O Y Y 0 0 W Equ.h
. P P p P S %) p p -
0 L R | - - - - Equl
¢ 0 C C 4 4 ® 95 ¢ > q
Thencreasmplgexity of fohi sbeoedyp rseyssstieooms i s easily
T ke problsemisappl yached yriy sttielpi zi-kgownheBowenl |
Oppenhei mer aplpirboaxsembh@em di 2 e e@rithama smsucxc | e i and th
electrass umeatgt mogconsi der atbhgn ftalsd emuc!l ei . Wit h
of the nucl ei e2ectively staying yxed, phet Hami |

whethe repubsesiween theeiatbemtomeasicimerel gnd tclhoeaist ar
kineticYearrlgg nHdgWwecvéeed even in thwaeulsd mptli lyledhd

to taeawrdinates-bofdyt wavmadwyncti on wheina apapslky,i ng
whi ch is vossuhAimégg iotpher t heor eitepc alblbeem@amaeaac he
tractoanblae | ammgea hs aalee devel opment of density func
foll owvinggly mma roinziteehe mo st basic ,cdmpéept expbaD&Ti or
whi ghnlumer ous bookg riamd revi ews

The maiondeamsiaty f unct iroenpatahcéeh mwlkoyridii 1 att e idrepende
t hmanhodSchr°odeqggaetion with an objekcw,whthb ehégtr
depes on three sphhi dawoceemidiindhdabhdatlreorgeg mnde Kohn



formultehtadds t hs i ndeed possi bl eO amfd a nrh aitn ttehrea ctto tnagl
el ectron s ywdttent neEng b as

0 w »&» A O ¢ Equ.s
Herd®,i s xamnernal potenti al usually attributed witt
the naw¢cl eehiaaumiigswencti ohal ebéctron density up to
(exi stencé Ot héasr eemfuncti onatl hsiprece yehdehe¢, 9§ se¢ em
uni versaldryd ovnap o sde d of t he "YkEiared i ¢t h ee neeltegogttrroom
i nter acg .iTdie m,e acan sbowowhag-RRaygldsi gii ni mardd pri nci

the ground bymitnei mM@ewigy h r e $ peacutt otma tliecsadol yt he
ground state d&Jercitatoinonddlnstihieor em

TRimeal i Zatritdher meant that al so the-bbdbdy!| whlaeni |
functionedwye deniegumi ned by t hesa edexcdepunenea,si kyow
density is suScient to olHoaverweal | tpr udar ttihees f®fr mi
at sgat,enmse ,bnafrort uhat&l gn expression foO arhe uni \
how to treat kinet-eteeheogyiahnhdraktetconkonhm taenrdms ¢
Sham proposed a practicable solution to this pr
system.s Tahuxiliary system-iin$ ercaocmpionsge d e,Jobfgt nons ,
constr ydtilhaen ,exact same el ectron densiBoy raswiing t h
froHart-Feek theor yel etchter omanmnwavefrnuensy s oerh bcmmat hi s
constraxctadsingle Slatersidredgleeeont mamt wdvw,® mihiimoeht i or
are better krhelWwepctoromistcalss

I n K8hamoés approach, "Yétheqghah®msovemethy energie

nos#mnteracting electrons and carnbibteafegxp'r essed i n
p
Ye - e N o 1
C Equ.
Furthermore, since the vyacstsiuumepdust eryasdteirm g,s wea irge ir
el ecetentron interactionrewiuttrsi bhe o€l &shsl ¢ealle cd & lof
(Egua) .
EP»ED»
0O ¢ P —— APA» Equud
C > »S
Finally, we rely 0@ ¢a It ®s med o i doceogreruetli aotni o n ener (
account for al | remaining di2erenc@&lsanbeda weielni atrhy
system. Namel y, -dlha ssiicnacH luedtetsc onnoonn nt er acti ons not

electrostatic term amdthédekidn@eireneeebgy wef the r

interactConmpionne.g t heseé€eY®Rlm&e, eknoehrngiaensd Sham arri v

uni versal fEgnicst i on al i n

O ¢ Y& 0O¢ 0O ¢ Equus
and proved thaBgquWiogéethleenr wiutxh |l i ary system is abl e
ground state of the original system.



Wi tthqu'* andhe external, pweé entnalfurtshergl ot mahat ¢
Schrodingerf ogaquaditen ormasract i ng el ectgysntseom i nguirnaanri
e2ective wp¢Bguht)iTahle k®tham powenhakeaeb thé&qgthorm of

whewended are the functionaksgdectvatiegdgf t bems
— W > e > - > Equw

W > O > 0WE P> WE > Equy
The eigenvectors of these &fcdr & hée nsgenegnbeed) u atl ieon
wave fumctiloe-SKamnorwi twhli svp consheuet ectron dens

Eqgu.h yrecal l thad ,a9rl emgqgi asalently itMe eamer gyhofsem
appropriatel yi,s tdleiss gahendgihtey teperegemtund state der
system.

e » c > Equh y

The K®lham en-earrgei etshe eigenvallasalbepongeéd gt hat t hi
relate to the total energy as the derivate of the
of orMEgGgN N Al thosghictlyispehki gghusd tbearem on
holds for adding or removing charge to the front.i
10
W

Eqthhh

It should be ewephlasveednteamdsdtnegdteron wavweasfuncti

obj eocft sa-i nbaracting auxhéeaaelinahyitelireeom s h o thladv e
physi cawi torirge apect t.NobhéethebabtBEgy.st ieimi zsicheogwnb e
thahe energy wofcctuméredditgghestand only thisteheangdg, i
indeed the ionization potenti al of the system.
Up to thwe ppavetoputlined the flriamkesvotrke odr dbunld
density to the groamd, syascé 8aaoatalf oepepbgigtea s t he
howevtelra, we haywedttavoed the explicit d egpcernrdeelnactyi oonf
functional onThhe denstitmpl|l gx detcae@spr e sisfieocenl iingg no
| i &k®] "~ Fowu DFalcttuoadd by i n practi©ad campmpentclay i naeds
approxi mated. Over the years, i ncreasitmglhyowel @b o
approach this approxi matimant.iwhhhceh swempalaetstite tdomoeb a |
densppyori mati orhaGLBAY eanlgy been introduced in thi

I n essdncaes,$ hmeés at ewaocfh tphoei nrte al sy stthe m tatéet h den

contribution coxseerspoyndsf td hHdhmogeneomswielhe ctthreo n
s ame d €éengsui.ht hy

0o ¢ & > £ » A Equhh



Eval uathienghomogeneous ehemtpmdr i Daspeorh hppairstpolcil te

linearly into an exchanWlki laen dt hae ceoxrcched nage o @ o ntterri
derived aeagyti teadyHart,thréaebeey c or r gil sayt piiooné t éanyenregd

from a fund¢woi mmmumeried,I Monte Carl o simulBytions
constructi on, LDA works alemtwhstf ormsgbéemsomwi dhstr
where the electron déemsispuackRanseiOmombieablpDiakyt e,
should be expeomoledut meélwi bhfonger spatialiwmariati

denskFory t he tleamhs,eragsryese ment bet ween LDA ocfatlecnul at i
stem from fortuitous error cancelation rather t he
A yrst i mpracwcanemtiarfyaorng el eeitss ononeindettimeg not
density but alsoekRpeeggiaadm entcotrhreel exd¢ lmaangfeuncti o
approachkscdkamoewn as ggma&diaemizedpproxi mations ( GC
general Effdarthm of

0 ¢ Q¢ »iEE pS E > A» Equ.hi

Opposed to edDAhamwderard ati on are unisquel yndagyuree dv,
t@reate a denpetnhdee ntcwo é¢pmantdeew.er@ne such relation
proposed by Perdew, Burke and Ernzerhof (PBE) an:¢

used GGA functional in solid state phystircesat eldi s
our periodic systei@®GAmMalijnly within PBE

Whi | e it can be tedious t o der i ve-c drernesliatyi omu
contributi-6éonckHahéoeg r endextpyr ecs2seirosn afnor |, at | eas

energy 4deBdcmaoy 9¥WwtrbAdegplendenm i s Egiivhern by

z

ol pel p o pe p
S PSS

O

Yal el

ApA Equhr
h

for the interacti®omfd bas weenhavei aakySvayr bEmtteaclosd uc e

hhrcan also be incorponaawassdhdait nt d nDETOoNnj unct-i on wi f
dependent correlation energy, -anldi nepgrr oxo miait rea tdiec
dependxecha ngg ean(® , respeschowled yhe applied. Hence,

form, a scallidnegt epramrianneest etrhe wei ght of eacéal kcedtr.i
gl obal hybrid funectoirornedllag hfodhf ‘'(exchhnge

0O ¢ | O - p | O ¢ 0O ¢ Equ.h
More sophappti catnece suadregepar abrerilR&8fiuncti onal s, wher
description of exchange i s adsédiatnigoen a(l 3 R)}r sapmde t|1 osnp
(LR) <contlrni btuhtei otnwo r egli amidc o nt tfideoalw @i g/ hivsw. ]

o ¢ jof"r pil O "y | 1r0OMNT p|T'o“rEqm_h{

(0]
The par @amaetnevrer se | gensgstenn dseciahlledyshpea triaanlge  whi ch t he
functional switches between both behaviours.
Having focused on improving the exchange term,

correlation ar el nnoftbaycitcheapll yenghdarh.e LDA or GGA (s

9



density atw eawehamppaoissnsti bl e i npuence of a penturbat
the potent3wdh maeah charge dfurcoonuagp omtsanaerouwss pol ar

the swpatham a@acer |l arge distaneed eirvmend pdaecre oWaTah esy
di spe-i st enachEx omanagrer el ati on functional s have b €
speciycally caphgee et bics$ r,bomagwervreerl,attiloeny are mer ¢
incidentally in this thesis. | nst ecaadr,r ewcet i prne d ownhii
evaluates the dispaerswiesteqaithe]r gy, atjom

O Q Y 0 h

R —_— B

h v Equ!
For eacpai@wt 6)wi th a YilBetaween t hem, 6t specog€si ¢he
e2ective interlancttihoen esntdr,encgteh s oadeedi ba temerggyt a

2. 1.t roduction to POT

Besides density functional theory, a recurring
of photoemissionuspecizi wmaddmpyd ¢pdbtod oemi ssi on orbi
(PO®B)pproadtie therefore, worthwhil e to,firndadmoduoce
experi msntwad It haesor et i cal point of view.

Our wunderstanding of phoBEioreatieaasiaivsn nEaptl aeaatamonou
oksomexperiymestt scondaoctiedades e auhleinera bmnatidetli az. i s
with | ight of suScwehlt kPeecengyit ed efthteo chin tnhee | ma teenre

O suchelasmmctr on c¢iasn doeotsesrensisned by t he enanmgyt lod t h

enerQy needed to remove the dHektYon from the samg

o 1 O Equ.nw
I n this delsect pdo ma gnhsete €éics as quanti zed packages, t
energy of each package is dependent on the freg

for mFlod.l ovg uhg Wphoetloectrons can be gtehrneeremn erdgyasofs
photon package tiemvéncgme emlbargbl| ect.rComévserilsiem@i ng
ki netic elniebreggdtesfd raon cont ai nst hien feonremmagtyi ®dnfa taidx osu ti
in the materiahe Bgokellaosgengf kinetic energies
we cant hneapdi stribution wlicaenipaloedeoni ov.eseviegati oan

However, counting electrons ashea dnulny tii mfno ronia tkiic
can be gained fr &mr pfledtiocedriicsss pat ems, symmetry a
that the el eapaoalolseimombavbetonbwénced during the
procéAssuming an electron | eaviemut hakasnaln giehéea r un d e

angtweith respect t o,i dpsarreafhedreetmcesompp amepan g or
equi vaDan®iy moment uar es pdaected yEngitnheyd n B q h.h y

n Q© (O OBERAT®W Equhy
n Q (0O OEBL Equ.h y
Thus, by measuringinnten ihtayn ereenmsiggdl ®ieodn manner , t ha

functi%andf waynot only ekbr gif tthlkee el ectron befor
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photoemi ssi omobnetnt @aims or e sali tmemg i b n alO00dK@A , set

happens to be a distinct yngerprint ahgteealcheedl! e
photoemission spectroscopy (ARPES) experiments.

At this point, we wild/l not get into instrumenta
collected. whnmthda wardds tah emareeisccali pti on of the ph
prockEosrs.t his palrpdeley ogwea rhteu m meexhpalnamcaatli ons by M.
et [alh.]which we will chatpe¢.ehrVdél ssot arreev igidttle ritfh e x pr es

of Fermi s gol denher utlrea,n swhtiicabn & dotbeasbritlan yi n i nit
wand a ymupds state

wo & w0 uw 1717 O ©O Equ.hh
wheifOe descra bepsrpeordti cr wat hodriegeseponsi ble for the
bet ween an initi ®angt at ¢ nwilt st @nTehregvyfitecrane s ar g g

energy conservation 8B8pechgcatthiys imroctkes.case o]
spectradspepyurbatdesactrliebleedctlryomagnetic yeldgof a |

wi t hO-ahectr onansdgyxscietm ng it f r oun tiot st hieuy i.ylTnhaal | sta
electromagnetic yeld is charantder iazsesdmbyd tbebeec
in spaplkot dmrwavel engths i n themouletcruaveisoltentatr eagien

two orders osfhomagmnmi ttuhdeen t he pho ttohnigddsss uwrapvtei loenn git &
reasonalktloerasgdondeaat iddpel e appr oixn nwi@iridohgal | vy

spadependveenctt or potenti al i s-oreeucetdermol| atipeo | o w
expany®i othhe perturbitmgnpdtbemi ingi nal momen||-ttLom oper

[ -=,0 can wultimately beEqalimNoityee d htaa yineltche ev a

the opexmateogssi loeg taedrirnaxiixc niengl ected as it is consi
wo ¢ w =ifw 11 O © Equ.hh

I n t he context oEquphhit skenmniwns i @9 ,-& theaw doerle o f
phot oemi swhioamh we aim to understand fthenkegy Let
conservation durAitng htehest@md c eostsh.iéhee setxspgesrtiesme nt ,
presutmedbeel pcitenic gheuedwbBgwlyeten by the expec

val ue 0cefl etcter on Hamil tonian with tpe.g@round state
O 0Oy Equ.hi
For the wnalwestuattiecakbethé@ssdden apm@resxirtmddeison o,

phot oemasaxi st antamemnmgos t he . Wiytshtoeun correlation b
outgoing photoel ectrsoynstehmg wheef emat nod mcgaonf btehe vy

factorized int¢ anhdel(fp)eel ecé,cbmmaireer mm hol & remair
th el ect (Eogniihc) .| eNetle t hat i tElehhdpiemmltyrensures the

ansiymmetr i supstticoant i sff y PauAs 68 pomnsmegqgpeérce of the

and the associated ,s egmarfag)yi omgopficcawnasmpiead btl hges m o
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over the two independent contributions, @.e., t h
and erher gy Qoh itd@i pleds y(st em.

woowg o Equ.hr

O Oy O Equh
With theEghelipn@gdhsy we rewrite the eBEogedrfighy conse

to pradmeas utrkaibnet i ¢ apkRogyemed eHeuw.t rsonows t he

depenyef@dcon he photoemissibhepenéeegenefgyhe initi
and t he energy of 5 hAstsdi.mmi zedal ejfrya vertical pro
phot oemiwes imaggg!|l ect el ectroni c . aifldtemeneldaalre rreenlcaex at
bet weelhanthep)el ecsyotteomr espbhidsnitzoati onopoRbAtiI al
tstate, from which 't he aenlde cwer oanr rwavse raetmoavne de x pr e ¢
our beginni ngEcpu.hAtesveinbte iennc o urtrerugdiosutt htehei s,

framewor k cofmmRi@ylp pilscedext ended mol ecul ar ytlhnes. For

oni zatienmn Egniériggequi vabenexpressed by a@endwor k f

the binding @memgy ec 0l vaintehl erveess pe c tl etvoe It.he Fer mi

o ] Op ©Op T -] O wO Equht
Af telrgrinfighe energy d¢emser viat iaonnext step, we ha
transmat minx e lEgmenit Bdr t he yansadunmset attheee pweoduct a
Equn.hr I n addition, weo nl itno tacttheonpleyrtaum bahée | i be

neglteeatms describing indirect ARéers souehhalatghecehuge
matrix el ement can Egnhdlgl ywrbeer wciomtvemi asctthe we ha
i ntegr attihorenodoedatlelctacmmr &i natfeud | o fs pt¢theemcontri buti o

the emittddaned etchher orne mam nT higsa tstee mat i c arl e egadl nsmi ¢ k

expressi omvefrolrapt hoefe | tehcet r man yiuniwtiitehl tshtea togn 4| stat ¢
which is known asO whEgDydon orbital

Wi =t || we rre =t U0 wy e > wy e Ae» A» Equ.h s
Ow M0 wp * e» w; o Aenr Equ.hw
Empl oying the construct of the Dyson orbital red

fromel ectron coordinates »toof tthhdeg®ii mgl el ®eacd rdinnat e
Wi =t ws (e =tfo » A» Equhy

Howeverartaveomateint &blpeeft attimwmeng Eglh.h ¥ n we have to
make an additional assumption about the kFnalimsé¢a
with the Asuddenhepeplrext maniofn oemitttedmi mmgdbat el
and does not feel etmae (p oplge B y Bdhle Mot att Kferaefe | ect r o
can be characteri £gdi lyy a pl ane wave

r Q> EquJ y
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Util IEgikngy Equw.hyand applying the meememtlusm tdpe rianttoer
tdbe simply the Fourier tr ®ncsofnovremi tafo gt heseDaycseoan o r

el ectronic »cbor dionnaeteep a Foll owing Fermi ddhe gol de

photoemissiaom imotmemgiutmy space then relates to t he

transmodum dyed heolliaghtzats&Etih. factor

‘GQ e =t _ EquJ b
Thkresoinmednsity pdnatsgdlat @rsmi ned rhuycttuhFe® uof et he
tum wmeceot ai
eng/tilsualai-di mgnsi onal representatveomnornd dfhee Pyaslor
correspd¢mempbheai cal ictbsbout heougTha&nsfadi mph et he

s sedkibnyethibg gt twhei cfhhot 0 sl aettCearb £ dtitneg di spersi o
relation of witEhgee {eltehedt riom t ak e nEgafcichd od
vectors with

—

ransformed Dywbhnswmlddalt aing al l

¢l - EquJ h

Whil e Dyson orbitals are the formally correct <c
us uaaplpyr o x iwiatthe dmol ecul ar oampltiadatdiicarlr popathroabhou
t he.dMiod ecul aroforibsdladtsed systems or equivalently
struccamebe readily obtainedcdlroul agthiaowtesu mparnody @ ma n i
be a reliable reference for ehkeeri nneh)sdatmattiedny, o
the combinat-iesolofedanmHoet oemf easabd edtautna nmweictchthani c
predictions forms the heart of photoemission orbi
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2.120nger Acenes on Coinage Met

2. 2l.nt roduction

The acene family i s pyer haps e smorstteedp mbhyymi nneensbt ely v e
pent acdarhe, siemrch for ordani,d *Meaernkiecdh naducd opset ent i
electronic devibas, bhenteenmolvedyl estudi ed and is s
prototypical gyxed mp loef froers etahricsh . DerbuttaVvVes bDfs pe
brother tetracene, are often | temkdad ithog kdg yomdoersd,s ts
transistors, or[ hpvhioithp vol t ai c cel |l s

Despite t he rumour ed nangue f ate appl ec&@tkl, onascene
pentacene are scarcely deposited on met al substre
extensive use in experimental studies is | imited

oxydgemh 1, 1y, sBydgping intricate woukfiage coynnthe vas,
from stable precursors nonetheless provided acce
revealed yrst insights into the[ bi&WadvHowev erf, hs wd
strategies are mainly restricted to submonol ayer
investigated on a single molecule | evel by scann
force microgcedpy h( AFM¥ b  8Y]

For applicateil cotgirci nd eowitcoe s , it is often preferrtr

and electronic structurel orfgackcsetinle, mémomaol avshé t hy lcrosa.t
formation on a surface [was, vdahbevedt heéschexasponm

were conductied epacthniomg substrates. The interacti
possible contacts Isukéatbhese obi toappemetdaald sil ver
di stinct change in the electronic strufctiur.p due
To get more detailed insight into higher acenes

profound a&arha@liysigseoomfetri c and el ectronic properti

Article I nformation and Author Contribution
OQur investhgasubthddeEemnl i cati ons, which are revi
following section. The acene thimeflymsnflanygg gene
employing a vaseéesiytiofe stuecdlamieques. Her e, my cal
measured by my expeMdmeant@al Wodrd&smigtielsdar i s s a

Egger | iwasol ved in discussion arud t § ntaenrdp rpertoavtii doer
t heoretical anal ysi s, including text and Figures,

on charge transfer atofampflilaer fbaec er,e gtalha e d r taisc | a
example of computerdasisgrtand exepmgmresnemtts my mai n
project. Based on my si mhloatiso nG. kdfo d®ly e asniedt t eurpf a
condutthed corresponding experiments, whi ch I t he
measured data t ongertehsepro ndle dhl apnkeferolyfe ieg wr € $tihaeg dy r s t
draft of the manuscript
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were published in the Journal of Phy

2. 2Re&2sul ts and Discussion

I nvestigated Systems
We expand the series of acenes towards the two

hexacene h(elpAt)acaennde (& A) . Both molecules were depo
Ag(hhy) surf aceWhiyl e vtalpiog ait $ owi t hout probl ems in
heptacene, due to ithsei depesitidwiian ipdr & wheiceuy eedno |
Heating of tlheemtdpr eac utrrsaomrsf or mat ivamhénmal Ityhei mdea
cycloreversion.

The (hhy) fscwmetate o066 char agdekeaed ene tbayl c¢dntesne r o v

ppt cryst al direction. Anal ysissig@d s tLsE EDh aatn dt hSeT Mm
predominantly arrangboluofhgcebos8yradw$s ngnso, A

path of smaller acenes on Cu(hbhppy di rwed[teiHo,nat ¢ al
However, for Ag(hhy),|l onngembserivatimncdmotrr dadhte t o

15



wher e tetracene and pentac

" orient maponmnmeer.pendt oul &e

A\ met al [rvwosw,sw wT o understand 1
[1-10] \/ ’x. di 2ering tremassdroires hen atchee

’*-' met atemputati onal model s s

g"# further i nsight into the pr

conyguration of 1A and 8 A ¢
our simul ations tdhfe talteeniest ¢

[001]

Fi g22r eSchematic sketch
sites for acenes on (1l are orientednardndngr riylse al

(rjnii?Ienétiboen.orip@mt(écdafabmnmai;Qami osnuc ht matweaymaij ority

their benzene units areafibittgedabdydorptdiRtpoelict ©o wa |
sket &h gibh)e. I n addiet iadmor@ti on site, we vary the
the surfabe. eBpsidmentall y determined wunit cells
cell s of vder?eegganalgl comedi um aawnd fuél atciower abiednme
mol ecupamsal |l el and shihteotab, ewehsoubteger ) y adsor
for each interface, the epitaxial matricebBe and n
Appen(dakv.hg.

The adsorpti ocanolgtniemigz eeds otfr uct ur eFsi gadei s utmmar i z
| eft panels for Ag(hhny) and.lim the cagdt ofparegl !
adsorpgtoingmgurat i ensherarieA inr tthAe samg wen diege)tui.d r a
As the widthriodga( bemnizeineado@sairgtacmnatunhit cel | d
Ag (Agxr .hyywy each coanlyogmgm@tppuamonsi sts of benzene
above fndomidlglloows. Giidkibe | eft). The interplay of c
of the carbon backbone with the substrate, i . e.
shall owyendankasrc alp@et h acenes, onfe ocannydg usresgtaHotmage i s

nmmnpandpmt competing for the moisnt dmvemue egetsitcr ucdmg
Uy. @eVThuysshead on our , cadecadtat a oumea mbao g uwcoounsylrym t he

experi mebsalrhwheéeagprtal i gnment i s tfhavrigpa r ie € n toarteiro n
I nstead, we would ratheWe exupecetct mitxweod pdoosnsaiibnlse r
a) b)
6A &

E_ v * a -5.2

g 32 _X_'_'_r_'_'[()[]l]bridgeA A

& ! ¥ [001] hollow T

S Imflfze‘[ﬁo]bridgelmfl f2 e

"g___ _—VA[ﬂO]hollow—v—

836 vvx oL v' v'

23 v AA: -5.6
a] AA -6.0 szv

_BS_AAV v X AA&

‘ vy T -6.4 A [1-10]

i m fl f2 eCnnfiguration i mfl f2 e [001]

Fi g2Br ea) Adsorption energies of 6Athndi 7TAeoan
alignment of the m®dBeclhescoafcgluatédowist ar P
coverage, f1=full coverage with parallel oride
b) Model of t he @gopredierse cotriieemteaes dcddtoeargmitrheed from expe
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di screpanwe . haFvier stto heomasicdenlteg o rodpigchaelx i mant i ocounrs

approadhor iwmeltescavéalme der Waals interactions by G
correction, which may introduce errors in the sar
di 2erencesnmbpen gg@ecnonygur ati ons. Il ndeed, it has r ¢

manlpody di spersion e2ects ahcacvuer dteéce thyd bac ctohuen taedds ofrc
acenesomen coinagef megeaWUmi ortunately, we wege not
t hese kinds .oSfe coanldd wl,attihoensexperi ment al observati
single molecular orientation despite comparably
adsorption structures could al s$om igmoiwe &t e Pkiorcetisce
as adsorption at step edges or kinks of the Ag s
across step edges may pl ayndadeiem|ae liant, etrives ejcl thil ofnp m |
further indicatimos dforthdepi enpalrtdtawounl dcoaain tt &iom
i nt er esthidmgg htto on al | wihtehsieg hi napcuceuraecsy comput ati ol
howevern,s tmlbhésscope of the present work.

On t heuCluace, we see a clearly preferred adsorpt
unit cell at the Ahaopr dbiwde cptovsdi ntci ho ni sa | eomegr gtehtei c al |
nnmpal i gnment byelt THeefaeprtr ed. iori entati on i's i n g«
experimenss | dakal yo the high commensurability of
surface unit cell diwg}lameet obniQy Caaltochhge'stt hvei t[hh "'t he
of a b-enmgenig). rTherefore, each benzene moiety oc«
siteg,ihol | owo gUskeeri ght), and the molecule is ea
interaction with ther sdedmwotnrsebteca.baws we wi | |
THMAnalysing the adsddpptrieoin emak@iges

hept amenfeg(dd®gnnot conclude on a C

orientatiom. Clld O¢ chret rcaosntmem s @rcasmieldi tsy
uni tf acveolur s arrangement shal A4d0] hedi m
Finally, comparing t ] . Cuti0) ,
Ag to Cu, we note t g e Ag(110)
. U 24 Te~o
energies esurft AeesCuco I S~~sa
o ~-
their Ag counterparts g 37 ~a T h
] ~ S~
Cu being more reacti' §-4- \‘*\. .- or
) I~
increased intetrhaectismlg'_s_ '“*-.\
Inclutdhengsmallerthed:m(ml'&’6 *~a.
and pent acemnad cul ati or . . . : : l'"*-f.
the trend of the adso 40 45 350 55 60 65 70 in
. Benzene units (nA)
Figubre Under t he a ¢
: : : . Fi g2dr esfodr pti on energi es
chem|§orpt|on, it s canes (4A, 5A, 6A, 7A
nergies should scalethe most favourable co© Of
haec e[n¥y +,] adding for- Dashesd sl ianelinear fit

t he

eneragpipesok hmak eomear olh el

e

t

ti mes
thenergy
c

alcul at edd &axnhk& gg ime

bonédneamemgy
of t hearrmenatt i. s Maomipgarr i ng thegt sé daitgpht I

we hyemgs umpti oo tcklsiedAg nand
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CuThis would also be in | inefowintdh otuhre sa due rap tiioonn
mol ecul es approach the sAur:f acussthjssh phi ybBandentéhhe cé o s
I i mit for poghi yvsgisistog p$ umn o f the van heet aWaalasdr adi
mol ecule (en AgQg: Cy:rh h

ARPES

To get a better understanding of the interacti ol
experiments. Connecting the idea of frontier mol e
signal s, POT has become an establgyshealdi gtnentehnnti q ¢
adsordygtee ms. For our acenes, we introdbBcgutbade af
hi, Her e, the yvé drobiltlaMG+ hH @MOt hwel agtaesd pfhaase mol
di splayed together with their corresponding si mu
Each orbital is attributed with a unique pattern
to measured momentum mapk. oByphettoemi sgi can sdat a
binding energies, the energetic position of t he
mapped ghrei ght) ynhh shep, the assignment is cony

calcul ations for the most stable adsorption struc
The results of swmmeerviad eugaltiiieo Fubt eanal ysis of th
+t A and A on Ag and Cu ca(Fi be&.h)éToou ncdo mpnl etthee tApep epni
we also included the energy Il evels of tetracene
[ws .wWiIMost importantly, compared to the smaller a
transfer upon adsorptisauur fafcesA dmdtthAR acmskeotof Ag
the LUMO can be f ouenrde rbgeyl.o wOnt h@u ,Feevdan t he LUMO+T?
electron transfer from the sspbsbioauwre . c ofnp ust ayt n dint

model s, where wengeehaggel rpastangements for the
The complex redistribution of electrons at the
di pol es, whi ¢ h v ivmh octaone ngiusasnitof yspectroscopy as a

function of the samplwit W hreesigpeaasid iy ad («FH-a negve) s

and Cu(héxg). €©WHF upon adsorption of theramfliieecul es
We ynd little di2erencer bkedtwe,ent A haen d wWoA ,a ctehnee swo rH
on Ayg.dV) i s signiycantly -ysefd) | eThe hzml ouwl aGuwe d(
properties of our optimized structures reproduce

€2CS3 803883 <80o553 2IBEREC 0deendede

.l T
! ' ' O N

1 -2-101 2 -2-101 2 -2-101 2 =-2-1 1 2
kx (A°1) kx (A-1) kx (A1) kx (A=1) kx (A=)

Binding Energy (eV)

.\v\
ky(a-s, o

Fi gabr e Real space i Woargbeist adfs tolfe afnr oinstoileart eB3 7
corresponding 1 molmaetneé d mp ma tp ste mdGeEnERsei doen a | expe
il lustrated with the angle resolved phot oemis

18



Wi th the  hseilnpulaaft i @u (A9(110)] (Cutiioy]

. . o EF-"E-;"',"";-' T---—-—"-""---- futnladte,
rationabeexperheent al RTTT LUMOLT
more detail. Forumer t _ -05- * 7

. CD - LUMO . .
the surface dipole b2 10 i —_

. o - -
maj or co.mponents. On S _) 5 {nomo Jnowo__ = = |
approaching molecul es 4 il

[=

5 —2.0 .
of t he met al surfac,eb% o E— ,
|l eading to a reductio -2.5 - - n of
the substrate, i.ebac _3,] nomoa—" |
elect (evgyifyern sthe ¢ 4A SA 6A TA 4A SA 6A TA
electron transfer frri g6r eExperi mental ener
mol ecular layer |leadmolecular orbitall&6]b&Sie

. t . tchtei 7A) at the valence regi
pornting 1n chtel oonp paMsCty ot er mi ned from POT an:
increases the work fuwas taken from |iterattges

in t he mol ecul ar str D3) arebymatrhkeedstar.lshape

adsorption may result in an intrinsic dipole of t
work functjbh] change

Starting witd2ehte,stwmtmaetehe vacuum potenti al ste
monol ayer of t hal rnmeoddeyc udiestinrtieeds geometry. On bot
pl anar acenes bend toward the tsubtaog, raskpansti ll
reducafi omhe wor k f uw.cte™oonotpg dadwvwddn Cu. Not e, how

Agsur f ace, the bend amounts already to al most t h
while for Cu, the inpmesihee omderientped aontther f actors

Foll owing our previous POT analysis, the obseryv
the molecul es wild]l certainly counteract the bendi
of electrons in the acenes afteharagdessoqmdl] whiesar e
excess <charge of about h el ectron (Ag) and h e
experimentally found occupation of the LUMO on Ac

At the sameubidmgeshtaefastthe wor kwhf aomait igggrs,t gl anc
contrary to what we measur e.

The owercaledafs et he work function can be understo
transfer i s balbaanccke de 2beyc tt.heOnp uGh( hh y), the dipol e
muset2ectbheedwercompensated by an oppositéackery |
We can rationali zieth bt s ebdies timotl cand @#Gushues f Bl &

(~h.hji). On Ag(hhy), the interaction with the si
surface, the total change i n womblnfdumgt iodntweulmadl
Thus, the adsorption height of ~h B apparently
equalize the charge transfer e2ect.

THMPhot oemi ssionespatsrokBaogeg transf
to the acenelhfeblsegy dlaece provides el ec
of hexacene and hept a(clelnOs). s Tihielnigienr ¢ r
LUMO but also the LUMO+1.
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Tab2llle Compertiweem experimentall yD3etwomk nednat
adsorption of 6A and 7A on the Ag and Cu sur
Bader charge anal ysiosr patsi onrh.e Berxacceksest s hgai rvgee tahfe

adsorption distance is given as the mean di st
Ag(110) Cu(110)
6 A 7 A 6 A 7 A
Exp. chan 0. 2 0.15 -0. 8 0. 83

Calc. cha 0.16 0.11 -0. 88 0.91

Charge tfe 0.70 0.92 1.51 1.89
(exp) (LUMC (LUMC (LUMO+ (LUMOH+

Addi st anc 2.67 2.66 2.17 2.14

, b) So far, we have treated th
=1 001\ woul d be unambiguously de:
<L \

}2 02N single adsorption geometr

-2 3 049 A calcul ated adsorption ener
T,\i “F—O-ﬁ- acene conygurations in part

‘;2 “ 0.8 are close in energy, it is

-2 -1.0 - mi x ed arrangements on t h

e 1.2 _ Espalkliy without providing
Deconvolution .
c) energy to the systems, i.e.

HO;'OQ HO:O-l HfiMOLUH:O t he molsehcoudleds beeabl éntdoca

2 [001] 4 1
S o
3 1014 B 1 B Ii mi ni ma along both pmpmystal
] . . .

@ [001] A | | | I andimpSuch a situation might
T i . . .
sntoq | | ¥ froSfTM i mages, whergei ooncscasi

A

e of LA or mmpoal &ggchany)be
-25 -20 -15 -1.0 -05 00 05 .

E—E. (V) f ound, besi des t he af o
Fi gafr emX)peri ment al mome Predominant or ppgtnt a3 T M,n of
the LUMO (top) and HOM however, displays only 1loc
deposited on a cold Ag ,
deconvol ution of the ey More conclusive arguments
orbitals with perpietnfdic ARPES measurements, whi ch
projected onto the mo |
adsorption conhiaguvartliaaveraged over a larger crys
Fi ga8rRoxmear k t he bri anbgfm Momentum maps for the %A/ Ag
respective orbital contshownFiigure. Tival kes of t hi

corresporbdiee ¢pggi® confii gt

experimental unit c i3 €mission Ureiaguerdesso ci at e t he

maps t o t he LUMO (top) a
(bottom) of the molecul e. Compagihiegt lwa t B xferei nsein
intensity distribution cannot be explained by a
sqguare pattern of the LUMO or the star tsthaped f
exi stencdesensdi perpendicul ar A mol ecul es, i . e.: al
Fitting the measured momentum maps of several b
[Ywlesults in the defcogveleutwiher & hie®@d&eamd L UMO
peaks appeapdgmnogdfmogi ntdeti on. The di2erent heights
di 2erent oxlcupatilboe directions in agltgemehée wmakht
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of t he peaks areV samé&tveydfoby t e y'HOMO and LUMO,

indicating?2etéeghtley edtronic properties for both
calculations of di2erent ®A/Ag conygurations ful/l
of states onto the emaohboebcsye rawwe oar bviarailast,ieomng i cefs toHe

the fronti Erguwrehi.t aNlest e( t hat our computational q
mol ecul ar coverages, and the iumtidr pcreeltlatsiiozne.i s i I
For Cu, the calculata HOMO-1 HOMO LUMO ELUMO+1 -
mor e clearly favour g,[om]— | 1 111 i |
acenes alpmmnrgo vish.e Howe & [110]7 Il 11 i
- 1
DFT calculattbq'/ttmsugv@émf” IIII IIIIH :Il
perpendicul ar arrange‘mo]_ I
coul dfbearticul aAnail iyts —
: -20 -15 -1.0 -05 0.0 0.5
calcul ated electronic _ E—Er (eV) u
(Fi gutwva top, equi val e *g /y\ —T 1101
possible occupation o g ot —— loo1]
depends on the adsoryg g ',p\:'“‘*«._/\L
the molecules, which z . . : | in
t he binding energy -20  -15 -10 =05 00 05
. Binding Energy (eV)
correspoARPENEIO ment um b) ﬁi_— c)
could be obsemee&tkciept led | ] 1 500 -
P (o) S 01 E
t he mo st stabl e con £-1 1 z
-2 4 o |
fihol | owo conyguppat i bF 5. go
LUMO+" is emptHOM®ha [fewal ] 23007
oempty [siemte) S 01
LUMO | esvhdlfsabd wteWVy.lo £-1 1 =
. . . 72_]1111 0_""I""I""l"II
bi ndemegrgies. -2-10 1 2 0.0 0.5 1.0 1.5 2.0
By modifying the g o (A7) ky (A1)
speciycally bgyubsdaalaitFi g28rea) (top) Density
| i d it d .t he mol ecul ar orbital:
bqul ni rogen urlr]configurations sampFIiigﬁﬁtf
ar e abl e t o produce Boxemayg k t he Iviamodfientgh ee nreel
substantial fraction CcOntributions. The specgg
. chol ppudv c onfiirgutrhae ieoxnper
orieetpendioculae mostgy,ta calcubatefboitbamp

ppT[rowiirectiio.ne.r[npalG’\deconch'Ution of t hgea se»

) ) ) orbitals with perpendi
Character|st|Cat&me55|momentum maps of a 7A n
momentum maps all ow uahoGsurface (samgObicedgi
scans along the whit epn

contributions from l(solid { h etenp ( damnsdh e d |

speci es, either OriExperi mental data poin
perpendicul ar to t hcurves.

demonstrated i n thiegubroett om part oft

hwa deconvolution of the experimental data stack
resulting insitghne ycolasndr vsendi ft aofd tthe omeéewregy akt eveal
ylling of the LUMO+HM

Tohi ghltihgehti mp o rtthaen ccepocefear on coRidg th#ikecnosmpar es
measurements fwot haasampled (top) and a heated
deposition of the molecul es. For the compeaf i son,
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as, at this energy, the LUMO6s emissions of mol ec

heatsednpl e, al most n at tganti es s iomisb lael,onwghi | e wi th de
temperature, e mitsrs@ iomesc tail omgcdarmhebe recogni zed. Th
be inferRiegdhwvter ommhi ch shows the intensity proyles
bothdikections (Whgthele)l.i nElse inpeecatke dc otho t lt@p mi nor i
alignment of heptacene (dashed |Iines) <clearly inc
majority alignment wi tgpm pbeepvackse pAsr al Ilsdldet mot
mentioned that on repeatiitmg amlwme hex p&€mui nterny st al ,
gualitative trend with temperature, but the rati
deviates slightly. This suggests that in additio

the used Cuw.cr ytshteald,enssity of step edges and/or Kk
governing the growth of heptacene on Cu(hhy).

THM:Acesneon metal (&xh0O)i surmaf adciefsf er ent
dependi mgl e toulides tt hael dnlgl O ] or [001]
particularly evident for 7A on Cu(1.
either only the LUMO (along [001]) o

Al beit in the previous exampl es, the momentum p
easily distinguished, POT has proven on several
alignment of the molecules withivryéfpest deni npetl
symmetry ofsuaudrac(ehshy)the technique should be abl e
of Nh yA, which visibly change t Reg Wia)ul aWeedn i n
depositing a monol ayer [ovy ]J1i0A (acsl desqtuA gvtael ,e nit .l g. 8 A
perpendicul ar orientations, STM i mages show a pr ¢
by Ns A gpRdt hecti onFi(grhiviepht Comparing measured mome
for the yHFimpbhybdtef tsionful at evé modgerve no indication

changing the dosage somewhe

but i nstead, a better agreement wi togrmt rnoowlEeheul es ¢
contrasting yndismgs | grannexperetcment al artefact o]
b) fact for tetracene, it wa ¢
rot=0° rot=7° .
R rotation of the molecules v
= coverage wi ndow and i s i
>

-2-1012 -2-10

and a full] mpipol talyer yl ms f

kx (A1) kx(Al

Fi g29r ea) FHiOMOoanteend um szTM and ARPES measuremen

6Aalcul ated wHtol dB3ly¥rr prepar ed independent |y [

su_rface. The Io.or"@d”m_mbbet(chambers wi th di 2erent eq

main crysftfa) dnhndestiogint )

Experi ment al moment um rplausﬂthlae t he measur ement

the HOMO (left). STM ingcorrespond t o t wo slight

arrows indicate the nppr monol ayer coverages wi t

direction. y 9 '
rotational oskangea full mo n
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Beside energy alignment and aeometric
a) b

structur e, POT i s al s t o
the understanding of ) f

our aicrethneer f aces. As r

beginning, the deposi m a
precursor mesktecsl@gges:s

Einhol 4 hayi Jtahe heatin¢® o 4

of di heptacenes,-di me o= Lo

coupl ed atumi thfefngzéebna) "é‘;ﬂ‘

should result in the x:i:

following a cyclorev-e leklx(éw)iz' e C

= bond b rweea l@iont g CompFlingTZJﬂOIe”a) Structure of
successful, we would (heptddcmeerenul ®f edSi momen
photoemission slichr iHOMO emission of a si
simulated for the WomiiPCLLTenial momentun

i nFi guhrthety . The moment of the HOMO emission of

di heptacene is rich j!n theegas th8aB3LYP i zed
by four maj or woelhabuad aredyaddi tional mi nor |l ob
essenicetcheeC Chri dges breagicomhagaxeedndgdtem of each
split of features ofs whsnyasteesmsf rboen tt hteo sematlher si d
pattiesnobserved in the experi mehitguh apeoxmeenmptliuanr ymap

shown for the HOMO regioni bheaempeoni mgeralbnme&ps (¢
mol ecul ar emi ssiope3itilmms eafd, t hdhheptkot oemi ssi on
those of a simulated moment BEimgéhg ) o fOlla i&i nagnl ea rsela

averaging technique, we measure the accumul ated
mol ecules on a madcdhesedyi cosyxramet memdf or mati on of
using a chemical term, a high reaction yield. T he
t hus, demonstrates the chemical purity of the sy
THMSi nce especially | onger aceneacaeal

I nt ersfoancd 8 mecsd rveecssur sor.ARPESc plrevi des
monitor the conversion from aapdecuov
subtletthse thanohgyer growt h.

X

PS
I n the previous sectioncamte dmaregd i gpaepdf dhmebaeti

substrates and t he aeearnyesphoByemeasuonngsp&ctr os(
demonstrate the -m@betubée T hiermetabn on the core

To i ntr odwusces ptehcetnrés ,0ofweage st discuss the spectrun
of 41 A and ®A as reference samplFeisg it htoaupg ) .i nWhuielne
t he exmpteali megpectra display only one broad peak, ¢c

composed of three carbon species with di2erent c
|l evel binding energies foFRi g0 Baraes exelmpuragd b arcd u
the colour scheme oFi gthied caMhiegnaadesnotmsf oirn + A i s a
Aromatic carbons bonded-Conloy angedt appeaar lmang heC
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energy. TheHtkeramdexdhlatComs (yell ow) areHnegrneaeam) | i
are at | owest bi ndi neg eenneerrggeiteisc. oTlrhdeeirri nrge liast iivnh p ¢
combined experi ment al and [thhwerolust hgat hdatat bhfepen
in their stoichiometric ratio (hhy wspvecftorra 1cAa na nbde
described.

Theomol ayer Bipgétéa (mnddle and bottom) are di st
those of the thick yl ms, as i ntleinditryg seded @y s
Not eworthy however, on the same surface, the spe
which we attribute to the similar ways both acen
energy aFigfment

For ouryepbsoba Ag("hvy), the whole XPS spectrum
compared to the bulk originating from the descri
acenes. Final state screening e2ects in pe&ytoemi:
additionally cause a | owerimeielh biHogviengteneat gi a
overall shift of the C hd&ilgibwdnybnugt ean esrog ya icsh amlgsee
peak shape that could be caused by a relative sh
l ocal charge transfer to certaiaticardbinf atofmst lada
component toward a | ower binding energy would b¢
LUMO of bot h, +t A and A, gets ylled. The electro
the i hkhe(rgrCeen) with | etshse ctoenrimiinoaule i ©owF iogquompar e
hhth)y. I ndeed, we observe a stronger shift for the

of the spectndmngtehewgredi

X — o
-— 7A
.‘{_:3
3
g
z
9 _
= E sim.
5
2
z
286 285 284 283 - 286 285 284 283
Binding Energy (eV) Binding Energy (eV)
Fi galrieEaY)Yper i ment aolf Gend ensepmot t al ager 6 Aaocand dAngd £
Cu(110) .c Blaowl antae &r b igshhd kf gt ge0¥ @ = tcgdengmsar i son w) tH
density of t heobltUaMOn each dD BLohaatclBIB& tYiPon. Car bon
chemical e v(i o roaemoeein, { ly@C | aHw)(,g cidremeurl a@ ed XPS
chaodednol ecul e. Bii githd fiiyh reelo e mgeersesl aAad)veiutl et ed
fromKtShapproachDBh. GPAW ( PBE
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To further substantiate our y rcdil cqud wh evreed ,per f or
simul at ehds tshpeec@rum of a singly charged acene sp
Fi guhthet , we nicely recover the relative positio
Ssimulation without a substrate reaSr ms our inte
spectra is oottttependénte environment but a direc

charge in the LUMO.

On

Cu(hhy), the electron transfer from the meta

and so the LUMO+hM becomes gradually Cylhlse ds.peTche uhm
compared to that of +A on Ag(hhy) is most I|ikely
at the interface (pinning at the LUMO+iH) atWensal so
now appear at the same biendcanlgc ud mmeri gy sac clonr dg ennge r

this to the stronger chemisorptive nature of the
it cannot solely be rationalized by the ylling o
density wobobtdhHa@semxeci efi cadrhebe . (1 nBd epdj hhe to
aforementioned commensurabil it y-s udbreftanceee nu mvhte r @aecleln
both atosm specie®ecated at the same position along
C-Cu bond dominates the chemical environment over
making the-HdinRoerreensti nGC | ar .

Thi s hypot hesi s is = =

theorethuwtal lwe, have a’s €

di sentangle the input £

chemical environment% é

adsorption site depen _;, _os5s o0 05

T T T T
286 285 284 283 °

transleee,hiwet st he mol e E—Er (eV) Binding Energy (eV)

uni t
fihol |

Figalrze (| ef t) Density ppx
. . .. .. bridgedoonomrfojgectaed ont
Owo fWgeot tpe siibuieiodhand t he mol ecul ar orbit

ad eolnpgt f rom t he |

commensurtatbeHS toyf, eacht he LUMO+1 is not fille

this species goDhtap mreaa

uni mgain feel @me miegi nding energi s saome gdh
envirommant moreoverat arc 1 utatcu

approxi mately the s asmer fdicspt)a(nacSe.. btedoowrdeee rCu compar
the Ooholl owdbomonybaer & UMO+M i s &oguyBll efdthha®ty mor e
charge transfer would be t heaadoeexlpyesacntt ap asrpaencettreurm
AglL nstead, t hGeufi Bi IMAPSd spe(Ei guméri ghxhi bits the s:
charactetheiibmd | awo (sbpoetcttBriigmi.h@ wi taHCiH species cl o
imMinding energy. Thi s wo utl hda tessuppiptoer t b eoiurrg adsis2uenrpet ni
systéemse, short dsat baceantd mphoetant e2ect for the ¢

spectra on Cu.

THMThient eraction betwéendoersf aoé¢ a&md
orbitals but also t@re A@,, et He vied asr @ d |

f oar
of
t o

visibl e isthioxXuM Sd esep eiwrtt irtcthe we r at i on
electromedehisctyamlbon atoms. nTEe a
a more uniform chemical environme
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2 .13ntmorl ec DI aper sHeopnt accfe ne

2. 3l.nt roduction

As we have seen in our <characterization so far,
metals is |l argel iyntdeomd mtaiterd dfy tthe mol ecul e with
also di Scul't to extract and el aborate on electr
monol ayer . I nformmaodli eouloen imotl ecadtei on may be gai.l
yl ms, twherenpuence of the substraatreraingemeakened.
crystalline material, however, does notweneéedcagsar

|l aygtriicking to the, mpaosiayeaetri mggdadneg esrurbdsdampan
el2eetiway to electronically dedodwpll €Eornvheniadstdryhe

passivation | ayer also serves as a patterned temg
[ wh,Thywy]

I n the context of organic semiconductor s, a mol
of the mol ecul ar bands as a measure how e2ectiyv
material . The strength of intmeld edicupmarstiioomnedewlkindtls
turn is related to the overlap between orbitals
without surprise that the dispersion varies with
alignment bet we eg[nh hthh eComdviee sell gys measured band d
encode information about the structure, from whi
mol ecul ar bands i n mo ment um s[phahcie,."Nih®1{ iplrioviindge d s |
experiments, we wahnet ctoon niercvt @ otni ghaettewe en band di sy
alignment in monolayers of acenes.

Article I nformation and Aut hor Contribution

In the following, I summari ze t he hedxotneprudead i by a
additional thoughts to the topic. Thlehoammaas | y&.i s i
Bon® Ithe course of the project, I set wup all cal
experiment al partners and converted the calcul at e

10P Publishing Journal of Physics: Condensed Matter

J. Phys.: Condens. Matter 35 (2023) 475003 (8pp) hitps://doi.org/10.1088/1361-648X/acf105

Orientation, electronic decoupling and
band dispersion of heptacene on
modified and nanopatterned copper
surfaces

Thomas Boné'-*(), Andreas Windischbacher'* @, Lukas Scheucher’,
Francesco Presel' 2, Paul Schnabl', Marie S Wagner™, Holger F Bettinger’®,
Heiko Peisert’©, Thomas Chassé’(>, Peter Puschnig' >, Michael G Ramsey' ),
Martin Sterrer'*© and Georg Koller'*

Fi galr3e Header [oJRitchleu dairrtg canler sc.o nTth
published in the Journal of Physi
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2. 3R&2sul ts and Discussi on

Il nvestigated System
To form an interface thads srubkatientflyomretchhas pd elss t

surface was oxidized coveringdghhx®) lwayeérr .a Tphaes so x)

reconstructCiuomr oavdd ant Ommgy 4 thal ati rwiktdam gpanteé d mol ec ul
preferabl y worihegmtaBwi | ding upon previdqusygagdudi es
hexac[ewnhrel] we investigate the behaviour of the | ong
(s A). Like its small er trheel aaliiviensme nST M fi nftaAy erso nsohl o:
troughs -@uf rtohves .0

Ut iilnighot oemi ssion spectroscopy, we gain insight
interface. The experiment al val encw tbhaen dF esrpneic tIr an
(binding -¢.nte rFgnedvVgf, whi ch are attributed to emissi
The angle resolved intensity distqni.&Jytiensthdwn hi
Figuhea (top). Whil e the emis,sieam nmgat toefr nt, h eatmoynre
yngerprintLUM@ itsheuisnsAetdhe previ ous ase-wmbikapj"(ht happ
charactethet HOM®or The unusual shape of the featul
that the mol efgatl esi deo. nowi tth et heir aromatuclk @$ane
for pure coinage metal s, but aFdiogpth éa. t S il melda tg enog
momentum maps of molecules with varying tilt angl
on the surface, we ynd best agroerenmenntanmglten otfh el be
determined adsorption structure for A is in |ini
all show indications of a [mofl ,ehcwdW]ar tilt in the
Periodic calculation? ace
further suppoet pr edu
Rel axation of t he s
mol ecul es rotated {Cw
rows, agreeing with e 2 T

analysis of the elect 9 .
. . - — DOS
the passivatin@Qunsatuuf \ HOMO-1

1 2
)

t he mol ecul aoj eocrtbeidt at
st atFeisg nfhec ) |, the high
l evel is the original
whil e the charge tran \ t he
E A i s supprNeostse t hat f

Cu surface out of al l 'S i n
this thesis, the expe -20 ~15 ~10 ~05 0.0 05 and

. : E—Er (V) )
theoretically pred'C1Fing1r4e a) Experimental

e,

DOS (arb. units)

di 2er the most, €. O0passivated Cusi(muwlpat edr
Ee( e xp) . eV vse( caf-g)ev.isolated 7A gimbeecal al

. . . Model of the adsorptior
Such a deviation In tmolecules i eCutidawd. aof
already t he frontierorbitals illustrate hots

t owards general shofacilUimatesaction. @) 78k
. . .interface projected-l1on:
theoretical descriptimolecule obdxined with the
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weak interaction -Getweendi kAl ywyntdo Obeer sd @mi, n antee dh aby
reoptimized the interface with t-hW@W ¥ an]wvdheirc hWa al
however, did not change our ynding. Furthermore,
l evel of hybrid [lumeclInmiotniaglast fii(midgSeBryge t 5 e h -leorcraolr o f
GGAThi s step has shoownbittaali nepnreorvgei etsh o' aldstor b
andl sa the precemsi carsehltyhei mipOMOv ebsi n d B(ncgafecner gy,
y.€¢vhowever a si gminy cgaemtdisheay ippassi bl e reason we su
with the physisorptiCwe siunfacmeedniomg aeg¢2 d¢ ©ites ,O whi ch
in DFT, may become i mportant.

To complete our <chaCactevei zatrinont oot heAWwOr k func
sparameter character.i siteitcerfmo metdh e riomt eprhfod coee mi s s

the substrate should depend on the adsorptio
coupl i negd, atrhrea ntgielne nt bet weCaun rtolwes @d d rowga tseAd t @
milarly c¢close as on, for example, the Ag surf ac

a

t he wor k dfruanscttiicoand | vy decreases when yepo oift itnAy
(g&-y. eVl i st elcabbh.flp . Since we <claim that the mol e
decoupled from the surface, ti vies riens uplatr tiiscuparha
associnateeqdd edrlgye change in the work functiom with
the previousHowtrearptrer our calculi aewepeothlilearhgee sys
decrease. With no chgrdgddet mohettcet eantbortihe surf e
change fully to the Paul: pushback e2ect. Her e,
of

de

s

TamRRlRe Experi ment al work functiosiummacecebadi at
monotaweared to the absolute work function @O

Exp. WF Sim. WF

Cl ean qu(azl 4. 82 4. 91
7A monol a 4. 18 4. 14
Change -0.614 0. 77

THMOn ®Surfaces passilvaptealc evin ¢ Ihta ebdkpytpe
wi tthheCWO ralwdnrhge [ 001] crystal directi
from the substrahat t we telH@bcehla loansi wad ,|

| ntnelre cu
The clo

|l ar Dispersion
S e e u

|
inter mol cul ar -Os ppaocwisn, g ad mofnagr cweidt hb yt hte
tilting of the aromatineteplanéesn bdbealweesn sntigmdypou
a consequence of the doveéeitappinghef fbrometi @i scre
now form dispersive energy bands. The momentum d
can be observiemernthnalouARREKE®edata. As the band stru
in-shace regions where there i ssescitgminyc atnhte pehxopt eore
band maps (E vs. k) f-6r arlee odOMON&md bHOMOi ci ng tF
stackoméntum maps at the respecthiye(HOM@&Nnsang m

k=h_.i"( HOMOD) ( IFeifgtdr.homf) . Directly mimicking the ex
we have calculated a stack eCfu mmoondeenlt usny snaepns afnodr c
the ment-vaheaes kresulting in simulated bFamgdurmaps
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hhma). Correcting the binding energy ienVv,t hwee syinndul
good agreement bet ween experiment and theory. T
di sper seW)n i(nhy.ai fuzzy shape, wihseragpas otfh e hrboatded MO s |
extends beVondhe. tompari son suggests that althou

interface is not captured cionrtreercniolliiyg ¢ enrea rcatrieo nasb.l e
With the help of our calcul ations, we can furt he
of the dispersion on a molecular l evel . Firstly,
the degoeerbbhp between orbitals of nei gFibgourre ng
hhb il lustrates the ar-Cangeméateobfugdesomiedinbg OST ]
hhe, thews ®she consequences of the | ateral shift
t he qgdiivsepnl ace ment |l eads to an wunfavourable inter
el ectronr ekseun giitnyy in comparably s mawdamtréarnascfteiro ni n
and consegmahti | yWiispersi on. I nhcohttwet adf acebhhem
maxi ma overlapping with maxima facilitate i nter e

regarding the shape of t he tbeogbnsaetruvraet,i oans oafl raenayd yd
in ARPES experimentayadkepbhnldist yonopthhoeem eancmpmeaasinab |

sectamad, therefore, is e2ectivelnyapdeotfertmi en ede sbpye
or biRiaghhae di splays the symmetrized dispersion r e
of k, calculated for a freestanding | ayer of &A,
HOMO and -HOMOhedatihée@d | ine represents the cut fo
the HOMOthis cut goes through <clear dAhillsodo of

responsible for the #AVO feature. On the other h @

var i aits mealri n agreement with what we obsletrvies in
i mport amtte howlmhatr ,t he symmetrizedigheelgandionpegr si

) 9 [fowo) (HovoD)

BE / eV

-2 -1 0 1 2 =2 -1

0
-1 ke k?}l-l 1 2 kx / A-1 kx /A1

0
k,/ At
Fi g2dbe a) Experimental and theor €t ibaaldsb'and kiky
respectively. Simul ated maps are obtaaienesdiffrtae
with experiment . b)}uStsruuctawreals ungagyckelt eodf ftrhoem 7t
in the simulations. c¢) - sorshiuirtfaalcse so fof7 A hvei tHOnv
mol ecules HdromemnSTWMnatd) régpresentation of the s-
1. White dasheodf Itihnee sb@dntidwvarsat pge ec atn i sosurf ace
t he respefcta vtei lotrebd taate toADI BEal cul ati ons
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serve as an appropimahevelettastduetitonihrtecinsod e c L
information about the energeti cf osrubisnisntuacneceee e o D f t |
HOMO, is | ost. Ultimately, beherabagdebatkthe dhepe
cel | as wil|l be discussed in the next section.

THMThe specific geoQGnetsruyr fodc & Af ami Itiht
nei ghbour igigvimbdg eiciund & dracdldescpueix&HA O b a
canualiisze this disper si owhi cthh ewes hcaapn
reproduce by simulating a freestandi

Dependence on the Molecular Arrangement
For the previous comparison, adopting the exper

satisfactorily mo del the measured dispersion. 1
changes in the alignment of the mol edwlcars iompd dte
two quantities, which mostly determine the appeal
and the shape of the dispersion features. I n this
not examine only a singler edranas batt telsgpeaeci qd iyt itth
frontier orbitals- HOMG @rid edMOM®@® computational ¢
comparisons are more robust.

For our discussion, we have chosen three arrang
tiltedulmomd e which arffieg #henmarhiezzed eipmesent three pr
for the overbh-apbofakhsj atdenbommé&nsuoeabiolftiottyheéedenst
full surface calcul ations, we model freestanding
determines the strength of interaction between ne
without any shréegi ¢6sbi bf g etobpdn densityh of bot
wi || simply interact with the same regions on the
bet ween the orbitals <can be maximized and we ob
contradtijnghthe next acenejbymidad|l epnpesietiuons st

hi gh el ectron de#sietxya codldywbadt HOMDOe xt or bi tal . T h e
the HOMGQ@Ii minishes, while it stays strdn@erfemt th
contrast-di ménshentl di spersion map and the extent
The reverse situation can be inducedj bybsthti éd m) ng
where now the HOMOs interact unfavourably.

30



0 1 74
kx [A~1]
energy dispersion [eV] photoemission intensity
|
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 low high
Hgetée Simulated disper-kbidar iofe dH Od¥ees dastaidynegrr O D

mol ecules with different | ateral $ siofstus f @icre w
the respective ar-diamegrmesicai &ptedme ognyjec phat e ME s
the maxi mum of the ARPRES sfyenantedurmre a@dpltyhien gs-BHe

Understanding the basic origin of the dispersio

which determine it sorshhiatpael.s Tihse movte rd mlpy odfe pendent
but also on the relative phase between interacti:!
i n a dtoamea ddinned(ignr e wunf atvhoaunr aibnle@)f acthé osalme phas
t he c ordpeerxitodi cally extendedvemaoclaenctuld easr p @dsyisst tdel nes st
resulting from favourable and unfavourabl e inte
di spersexamplAem of such a PD representationn(E vs.
Figuahea, where | ower binding energies are coloure

bl ulenn the presthé maxlaenpl leegssucahr btohsadits f wetdh di 2erent
overl ap between the HOMOs, of . acimgivevo@mnidalygl enoil retcaud

at the Ganbwee tplo@ ndy mmetry of t he s ulnstrrreotre ,d otntad rne
present on the surface.

THMAnal ywei egul ar di spersion in ARPESES
parameters. sTthrea migitdhptee smiomed by t he
adjacent mol ecudleapse Olkde edims meds byn t |
those orbitals.
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Let us now consider tdhies piemrfsaromatiinv eARRPH Q1 ee xopfer i
det aNel .wi | | yvrst slkekavmd uafe thhe di spersi on featur es
speciycally f orSuopuerr i®mf oisn tnegr ftahcee .t woofF idg tehp&eirssi on p
sketchedgbit®e, where the ylled and unylled points

of higher and | ofvhebisnydmmmegt ré meatgy.n due to the mi
inpuence on ARPESrbmymdRBmaeati ng the reci pbaongat kir
val we § | gradually change the dispersion pattern
wi || appear. We can see this, for instance, for t
i i glhhen. However, we also not e, t hat real istica
often be Il ost within the breopaedaetniinngg tohfe euxnp er icneelnl
resaltsome npoacntpdioctadncevhere the edges of the t\
cross and corresponding maxima meet. This distanc
the anglaend the ftrteicd @ rcw €Ealunidla. In regadndspaee,

determined by the | ateral shift of adj acelhhte mol

| at wer assume to be yxed -Oy thws . paToeobsefvd ha i
without substvalcuar ef tt hee rke as uifet,dl nbuasntd bnea pa nc uit n t

mul t ofjl(EquJ 1 .
EquJ |

Equir

measured Kearure
K. A

= 4
. AR of
A

]
kx 1/2 b,

— -1
J _34—§W D.O;A Z N
o, A,
c c
(=] S o
T —3.6 : S _36-
5 = e N 5
o T — d o
o] \____/ w
5, 3.8 / ¥ w "R
<) o
o &
T —4.0 - < —4.0 -
T T T T T T T T T T T T T T
-06 -04 -02 00 02 04 06 -06 -04 -02 00 02 04 06
kx [A_l] kx [A—l]

Figi7e @) m&dnsional mapet Aypirsdhisfpteed i amr angement
on tCue sQur f ace. Rhei cgi hplir imgchdi g ldieet icth ©d | Is uiper i mpos

Filled and unfilled point ©frheep rda sslporedrpsdiriosgl .@m en ¢
of freegnoamrodiaryegrdAwi th different | ateral shif
along a&0c®Gobdukycode foll owsauwdierome add ament pa

(hi gherrecdmevgwnt a@adipmas.per si on rel at ivaiwia d@RRESY @
t HEFOMO =1k ¥y Col our aedéensaine
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To illustratebdthhe, iwepaltave extended our investi
mol ecul ar shifts and monitored-ppheat diasptetred illo nasar
value ARPEB intensity. The data is showdhexempl a
( k=ky=yj™") afnidg.h & x=kyji", yx%h .i"), butinhbeigndqually tru
HOM® =k .i{) Note that the colour code does not cor
buftol l ows the gradual transition from favourabl e
ener gyb-dorveedr)l ap at-pdih@A Gaonnmmecti on between colour
be madeFifgrdom®) As sFeieggnihiknar ound t he Ganinhae pcohionste n

shifts coaepgpetloéd pokkiml ¢ hei smpetsicen !l , i.e., arr e
¢-i nt er athtusom sARPES Dbanwde mwaopusl | g xople wtartydé ng shapes
andoly i nyzluti agon=gy  Howeeeal l thatteather ARPESt he H
does not show intensityl mstoaiagtl, niohset danntnear epsotii mtg. t

recovering the dispersion zehatachthkhpdbeimti ba ofst
ARPES feature is ratlhdreudnyal xjKe grtiigaoinh a&t)Mhaenr ea irs

a general tendency pfroerdi &RRMIE paapeemnni hdhependent
mo !l eacrmdir angeNeeamnati ohhb¥%zemplEgyiingnBHquWwld raswi | |
belemonsdhireartee e mpl atrhye frmnoorl ecul ar tahr rtalmegemesatt uwif avo
¢-i nter dettiweren nei ghbdqunir kiptodd @@y si oRi gwh@&® . i n
This structure corcmuesg ' ‘

shift of h.hiorbeagqeine _ — HOMO
: . > -== HOMO-1
the anlwgli ttthe r ecliaptrt: — .
. 5 A\ symmetry
di sta®cedv . We compar £ / N\ \v,f
& AN :
resulting, chittd ceavea&kld =2 Vi N
- N
wi t h ARPES intensity = Y
(9]
(Q p&v )andynd that its 1 . | . . |
: L 1 2 3 4 5
al most an intemda p&h)u.lb) 0
Thus, our exampl e re 0.8 - b|

case deFiigtherdd, i cor des
to a change of thEVvd
thoughy-i nheraction diov
shaped dispersion aro
the dispersion -va&lcwe d
HOMO would show the o
For the remaining emal shift [benzene ring]

we can argue in a SiIFjguBea) Energy disperdy

. N . and HOM®Deri ved bands in
for shiftslLoswheree 'Cmd’@function 0of theéalerye reH
emer gepr etdhieciteple ss remgshat tt he edge of the Br
in t he range o f expat t h ep &GiCmtih.a ur coBegale

g ¢ XPh) Ediespggmsidowh)( bod t he
probabl yamakédkgrvati opand maps afdt HBMEOMO f

Forillustoéatitomis ,stalateral shift in the 7/

simulated symmetrizedddreeing with STM —whi
y experimental dat a.

ARPES bandwidth [eV]
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al | mol ecul ar arrangements(Fcagmwhlee found in the A
Whi lhe tshape of the band map is more uniform tha
di spersion $eial lur esaencwaimn faosr mat i ve parameter for
investiFiagrogwn . summari zes t he sroefl athermgybpesdsi dhh
around the Gaomrmaboptoh nar bitals, -t hdhdOMe@e!l andvEeBOM@
obtained thlye take mgysbeit Wereneak maxi mat@eakmini m
ampl it ude aneerfr atnhgecanse FitrgsO.f € The cbhpokirgpbdbhadi rect! y

l inks the bandwi dtdiss pteoc sitr ieafsir g 8fpeA tmnegati ve rel a
bandwi dth corresponds t,o il.oewe,r ¢f¢panvea ugtyal@zl tle eGaomnba t a
(bluegigorhred As a compamgilshebnshows the bandwidth t e
simul ated ARPEShemad®&M® of") and t he a@OMO{). Not e

t hagwamt t o focus$ heesmpeh¢cdR&EISI Wieper si oabwoppabhk i . e.
tgpeak ampl Duedde o the di2erent nodal struature of
strengths modul ate with di2erent frequencies. As

a unique pair ofh)( MOMOMs HOME@r wor ds, each shift
by the ARPES dispiesosibomtnappsr eegt hpomwdlday ed, compar
t he di spersi on of di 2erent mol ecul ar orbitals

arrangements of the moHiegluAide smaMThe tgheys Buea oh
monol ayer det eremipneerd mMérotnalnt ehieg s U s s each da bcaoowmey r me d b
STM.

/THMWe hameestigated the connection b

the predicted dispersiohepnad®RESdme

di s pesrhsaippenonl y weakly depeindenhe oniroon

most mol ecul atrhes hei & dhess, h aypee .f idntde e g =P

informative valndenpllen ogda rdtiiscuwelrasri,on

di fferent molecular orbitals is char}

Finally, it shoul d be noted that cal cul ations
monol ayer -G ghhlest@ ate sho

appreciabl e di 2er e nrecee to t
standing monol ayer (compar

Fi guhthe) . Thi s al so demonstr
: although the speciyc surf ai
2 . B 1 2 2 1. 8.1 2 )
k= AT medi at epsp otviee | ap bet ween ad
Fi gatr9e Si mul ated ARPESYLd grpitals in the yrst pl ace,
obteai nf romsar ffaacé w@al cL . .
freestanding @8hol ayer Pands is sedelby dgaovemrmol ec
interactions.
St rhhpes e
An interesting -Quopanrttyawcef ishd h® possibility t
pattwirtahe oxygen pressure during manufacturing. D
the surface ier emtvleyr etdhiicnk dst2ri pes of alternatin
Combining our understanding of the electronic prc
and on the -passiyvaotxegydyeswsubstrate, we have invest.i
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w o + ~ O um

trpp®ese of equally |l arge stmre pieens Heppren g eteled wind t
s exactly | arge enough to host one row of A mo
uggest that on the c¢cl ean Cu s turiegensp o stihtei oanc e(nseest
hapit.ehr while on the passivated stramp@€ut hewmol e

sebaph gir I n addition, POT analysis conyrms that
heir corresponding electronic properties, whi ch
harge tr aynisnfgerupmctcarpt he LUMO+h on clean Cu and e
ubstratehwrgb toansfer on passivated Cu.

THMOn nanopatt er naeldt esrunraf tai adgeCaaini Apsessi
Cy charged and wunchar gednhédpmphtea seaanme n
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2. CGncdliung Remar ks

Longer Acenes on Coinage Metals

We have started our i nwd widintghaet i @ h e cotnr oand e&n epsr olp
hexacene anadnhdephttaceoneage met al surfacesOTAg( "hy)
we give insight into their frontier molecular ene
the surfaces to the monol ayers. While the LUMO o
LUMO+h is at |l east partiall yt hyelrlmeod ei, n weh ed ecraosnes t o
the electronic properties of the molecul es can
Controlling the temperature of the substrates dur
their shall ow potentiwapyiermgerdiy?2elreamdscagpseor@dd on
Especially on Cu, varying the adsorption geomet |
energy alignment, ultimately deciding about a poc
Finally, the sgeomgtiinbuamdeelodctronic e2ects for

is also repected inhshXPPBeaslpeshampes | efadimg €o di:
of +eqmivalent carbon at oms.

Even though for each substrfadnmi, | yolt dbh aneembwearsy osfi
esults present hexacene and heptacene in a much
as matrices -our fawrer emytntdresi zed arrangement s. \
igniycant net charegnet tsryasntsefnesr aisn stthaebipriezsat i on ¢
hereby hope todeptiht isattuedineosr eabionut t he reaction b
napproachabl e molecul es.

c + 0o a -

ntmelrecul ar MHiespp earcseinoen o f
Il m nexfif wéeemave BbBéhbdvedurt hef 8 A mol-g(cuibe)s on

reconstructed surface. The oxygen passivation dec
i ntrodaesg o@s, in which the molecules adopt a ti
stropapgi nt eraetween badj acent mol ecplbandand s ge veiso
observable in ARPES experiments.

Given that the intermol ecul ar -siwbsetrraactte oinn toeurt ance
i s suSoireamtcadaseoonpl ed surédateseagbamdiotbyer. By do
we were able to discuss the connection between t
mol ecat mangement in more detail. Notabl vy, the ex
necessarilwhamiggtatl bhe expepeteéegc fargiammgleynelfgsed on
overdfapt he mol e causl epbhso toorebmitsaslison intensity is wusu
yrst Brillouin zone. More importantly, dib¥yeraemmtl y s |

mol ecul ar or biet alls ,gntmee tr eolfattihe mol ecul es can be
STM.
Further moi#€ael, suthéea®e o02ers a plat tofr ni dtses i maant ii ppunl

in a controlled way. FoCmi sagriapeernthéngc€me amadl
comptlediy2erent electronic environments | eading to
charged Vdepepcrioepso.bke &amaunt tofanmlifggbhg¢e governed by th
of the stripes. At | ow oxygen prescsrmurwhidhrgk ma

enough space to orient@ue€uraolwpregtimheg dawviblunmy ed har
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contrast, at high doses of ow»wynpdnert héhant nihped em

forcgihreg motecatdsgorb per pepndivc alvlam stuocht hae conygur at

would only be Thivasg | & mcehehjrgsetdempg t he <ioad do fc otntmee cst
theC@tri pewipthhhsedi recti on dependent <charge trans
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3Controlling Spin at |

A Hitchhikerds
NiTetrapyrrole

/SummarFy):r surface scientists, tetrap\‘
me toarlg awil ecullfTbey form stable compl ex
metals and, thus, allow for the imc:

| ongnge order of Treixd enstpead i« sctael | st ha
simul aNii ke lo fcpohntthaail cicnygani nes and po
substatresal culations empl oy t hienog® Fl
desgpctriidmeofoxi dation and spin sbtddtdee
iBracti onl efc utl esu wé daahe tvheel | as wi th
and expltoe et d dien tphesger d tneé etr f ac e ss wint cnt
heterogenedus tdha&t amoey ®ii v e tf il @@ tine e ind
nat ut bneeottaelnom e geometr ybaodk Wichree .oe g

summarized in the following five pul

T 1 Cojocariu ef{ NaPc, oAd¥€u)Sci . (2023)
T A Windischbacher et @Ni TPPMpbegesThi m.
T H. M. Sturmeit (EAdsadr.pt j$coma INNTfTEEPQ 2 1)

T M. Stredansk@hem. a(lRd &)pteivon of INO t o
T D

. M. Janas et aI..(CdmfocrrgmatCihdrm.of/
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3.Tlheor eBaicckaglr ound

3. 1Shortcomings of DFT

Bef do&eusing on the next target system of this
some basic properties ofl demrsii D& iTpfleen c d e 8 n aln  tehxe

framewor k to predict grosad,fwenr antapep i @d@e rtthieeosr yai
extenstiovetdgscribe t he interfaces bet ween basic
surf.ackBewever, the approximations enabling the
introduce errors to the theory, which we wmsmboel d
complicatednsybéemsl | owi ng, we want to give an ¢
density f unctrieognaarldi i d¢n e otrhye interpret atnidontrhef 0 |
consegces in practical applications.folFloow thhe
explanati &neni k and K¢mmel i n[ Mthhvelir review on the
I n DFT, a seriousisampehateod toosplei gwbhi ceH ectr

complicate td cdmudraiti om»speri mensabartdalbyw. consi de
a single electron sydteemr oWi timdwetr aet eonhron he ene
can only consist of the kinetic energy of the el e

Consequently| ecthe omaoompmot tihlruteiner gy functiOonal, t
and the -emchatiCgeimamve to cancel eealcehc tortohne rd efnosri tay
The relBguodholias true for the exact functional, |
practicable approximations | ike LDA or GGA.

O ¢ O ¢ I Equdah

The error that aroi nseelse citsr-iokmt asverd dd 3§ omherr or and ca
visualized from the expre&sgiudnHeorfe hteh ee | teecet thswene p o

whotdensity and, hence, al so itself.
® . > Equ.h
> »S
AsouKS orshi twahli ch we i ntaeaide ¢ tod oi mdtherrupcrteetlde atsr amm e
denisggs tdhreey | i kewi se prone to thisteraotionni parod
or bidtegplendent shift olfn tcheen jeunnecrtgiyo nl ewietlhs .tihne di st
Equbh,especmal eyxad lairt al s wiltohc adc irsater@ocntgel ry, i .e., wher
electron pictuakecpredhaiglesmtrabiriei aed e2o0rt to mini
el ecetentron . Cepuéssehy, t heded yowstad ir ot & isoyosrtse ms [

which Dboth types of -ionrtheirtaacltsi omc ceurrr,ort hceans eullft i ma
ordering of the [orhbsi,thahlw ehifgye nvial]ue s

Movingt heiomgl ecpirotnutrlee tsoyst emi @ saac avimprhmaite di sby
sometirmderred to-ehecthentmmamddtii OAMAEbedt di Scult
di stinguish -l emtrtéhmt eoradeft i on error, t his name
infamous fAband gafgopibdbbluemoabée BR@ragr dbyl em,t rwduc
property of the EegxiaicWhd Rmrcdewhmligdarnner ali zed the e
functional t o diemtsdagdre spawittihc | reo nnhuantb etrtse tt ditegyl neont
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any fractiongbkteymocauopibed obtained by a l|linear in
energies of its integer electron neighbours.

00 A p ROl AOG p Equl
From the c&gdifiobdhowtg utnhcatti othotod | yt ddeepgndent on
el ectronnooumbedtes eneagy an @ofp)el ectron nsyastsetnm ai g h
i nelencleee xtafcuncti ead$ to an expected piecewise |i

eneragy s k e tkcihgeidr.ei n
As the of| eamey sleigmeias

constant bet wegear t avic 1)
E(N-1) 4
number smayeweal @t otee quan
the <change of one f L 3 e
removal of one elect g 1e
E(N) -
energy functiomalp) ban (
. E(N+1)
electron system séemph ‘
of their Oéngraqid@G. Thi . i ;
. ) ) N-1 N N+1
di 2erence is nothing Electron number on
of the ioniz@iiAmalpdgdi g3lreSketch of the tof
. functiontefemoael ectron
adding an el ¢dhter eath OP®W{ g nhi zati on potential (I
di 2erenceOben@édep, which
corresponds to t h® Felrecatlrlons yasStneintisy wi th a band
i nization potenti al is |l arger than the electron

[
of dtdkectron system Maushte ddel iyti 9pe akitng, even thot

functional is continuous, t Demud ¢ r ihvaavtei vae Bdyfs ctomd i

analysing the contributiomsoncoubbthaKEupotaethanglke,
i nteger poi nt se xsctheaomsgref e lo ant it diaen dpett @ o ricsotardpnetn s at i n g

for thwag umer medcexcdlaatgieon derigative discontinu
Recalling Jafahapt 8,hetohremder itvateanlee gpf wt hk r espe
the occupation of an orbitaThwo,mbhd stihtehe oo elmi wal &s
t h®@rguments di sEqésiempldibemste,t he sl @peahbdt,weien.,
the ionization potential, corresponds t-oaThé&de ene
expsiesn i sEqivienwhetakwet he sliappratacphongt it fror
by an inynitesimal. Abcdbopagthi adhmhecliamg& theorem i s f
t he hiogltaupti edt e bewmat gy ohot beoprilbemdteaadn be rel ated

the sl opet aif ptsheegmente, , t hael naltgquutbhonHer e, we take
slope to the Ori gbhut odeaowgoeitnbt it for t he afor eme
di scontinuity.

- 61 0b Equ

-0 3 00 Equ.
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ComparEqgnugr an@&qu.', we hateethe fundamertal tdap di 2
between ionizatilectpothermtCinalmyamd da2eystfemm t he g:

the frontier KS eigenenergies. by the derivative ¢

00 06 - - & Equ .
Unfortueara@&pyyroxi mati ons t ol itkhee -l HeBrailpo Lt ®At ioal GC
f unct inoeniatl hse r respect t he pi ecewi se lineaqity of
correlation der i vAad iceoen s d [J si enatoeeripnrueittiyn. g the respe
energiexpeas mental excitation energies often | ead

3. 1TReHubbaGod recti on

The pi ficalnift eafacan pla®t|l y avoededebypyf hybrid func¢
chaphit.ey.h ghplorchidteplende eat ment of exahdependaestea
on the whole electron density prevents interactic
shown to improve powegwidpe tdd ehlaop mgnt of several
techn,jqbhgekrid functionals are usedt leaaoumpiuotuastliyo nianl
coefsuachl cul.atHoosnismhé @af i @axt ended nsuycsht enmosr,e iap pilsi c a
to addioor te@em tintsdca@PAofor aG&At heemrheabtybe physi cal behav
these-cdsbow f urMctcioonmmalns appr o-aahl é@ Ffetehhosdo,h wve
outline below. A moor tbhetadrelle dicswcrud siifphMftecent
hh{]

The gener al DFT+U scheme is based upon the expl
wi t h an addi tional [md,dwHi cHa md dtdhoeniitaensell eecctt rrcom
interaction withirear rkumaharndggmodcgdtemaedtyedse atndanm «
DFTTLo obtain the tot@l ,entelsegHF TT vuennCetrigoyn atlhe i syst em
si mpelxyt ended by the OHulbterréin temeemognpensadesblfer
count hegercgwntri buti esenotl kelkddiFcBmods eethe Hubbard cor
(Equ ).

O (0] (0] (@] Equus
I n its most compl et e -doumudileragmi ocenx,pl i cét ldpultloe r e
Coul omb ™amedr ggyhcehangebodneé hgy subsdth hidvfh e lhec tfrodn o wi
we wi || introduce the simpliyed variant of the D

[ "hy lwhiméi neleypl oyed i n tdheirsi vtatbarsbinsn.e sl ttshe Hubbard
and deaewhlng i ng ttleatm tsloe correlcgdtornont oi ntlee acti or

characterized byYa vshiacghh # chga tCaoomd toa¥andnehgyexchan
enengyBquM™.lt can be thelgbtinwed gwshbaihmedrelri ttaol ywilt h
a second Oalceeltda g ®iHludd bar d parameter wafcta Dme @il yc ad
species ctohrer eclte mtgrscanbss he |l | with qgéeaahhae mHwhbnbred s
functional added to the pure EDEY.Nenter gy aftunecxtpircen
Equyis evaluated for each spin chagmwmselonsietptaerdatted
avoid crowding superscripts.
Y'Y 0 Equ.w
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0O O — Yiv v v Equv

Here,corresponds to the lacscunpaatnrciyo bneahtermexdt byape oj e

the mol ecul aroKiSo olrdvé alail z3e%d gavomajememdt avs th i ndi c

a

S

(0]

n

e

c

doaas Eignnhy n pr &%t sceepresented by a spherical h
tabfinctions with aaGhé apr onoenetnitaumweiisg ha dedilieth yo n a |

cupaitomccordangméeari nge.fgbreaot@®icrmc distribution

i “Q° %o %o A Eq lj.h -LL

The eigenvalues of the occupanacogc unpaattriioknosc adnfi btehdei r

O O O”v

r
u

u

bi,t awhsere h corresponds to a fully occulphieed and
m over the eigenvalues correspond to the numbe

bsbe@elfl either spin channel

To il lustrate t he consequences of t he Hubbar

To

S

t

p
h

Wi

t

S

h

WO

p
I
h

o

® S5 € O M T

D

(0]

r
[
y

o v O

n

mul ati ons, heftpl mitgdet aimteed ysontri buti on tFoort hae K
agonalciczuepdat i on imet.r,i xwher e tlheegmaatlritxheel ®@anewnpas
genvalues, thec#dimbbardepotedtfabm Efdyasergy f1
: Y ,
w T P Gi oo (o S Equdhh
h

start the, iintt esipoltthadtoent &Jr m only a22ects el ect
eocdi @s t he é&obshheelilnt eraction within theW éeémai nin

is i,ofmiomdi aal eswi-fhhaedhakttuppati ohe(Hubbard pot
1 hevepogptel.siFkiggur ati vely speaking, el ectrons

is particCbasiEdqqaitityggt here mi ght be two possibl

t uaRiirasttiie occ@péatitbde underl yingi mobtdsemaulbhpirchor bit
uld transl ate to the drelvietlalanbdei rhg nacbeg v eu ntohcec uFpe
Oj ect% 0% » of ®@hke mol ecul ar oar-tbhH tlad c aolnitzoe dt hset at
ttle atomic character. The seconid omesd meor rcead d a
bri doebdOnal she contrary, occupisadd omgl eowltar bat b
e atomic state wildl gifie 9.1 édsgar quemuc@adubibamad

tenti alt twialalhidlve ] ectrons are more EvihRéuwntiagl od
ect of the-ppugmandredt KeSs energies of the mol ecu
rrection stabilizes oandpipeednal t beal ilecetdh, o rdbeilt
occupied orbitals. From a chemistds perspective

oor @dmotnidshgaed | ow for bonding ones, meaning wt

n

ergy within DéFreeh@fttulpecadrmapsareerd t o pure DFT

With regard to Elgeytoada aswidtienmgwdivde penalty on

n

X

ergy inpicted-cdhdryr eehteidobutblhbag,d to minimize the

presvsiwny . Empl ovYiinnegar al gebr a, it can be shown
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when the occuipabneccyo maast riidke mp ot ewty, apgpleAes pefci al

property of such an idempotent matri x Jiisng htalhti 9 t s
in context of t hev me anparndepgatl mathdaritixvoens t owar ds e
completely occupying or emptying t-kerfrecalboned o1
By propagating the I|,bbal DEat+t Uoudpefcaadl ctbrumnter ac
sei hteract. oMt et her s ame ti me, chahnegesortrieect po b i toa
pl acemenwheaandal2ecting t headjruwsnttsi et h edAr bnaachldd cgud @.r
compound c| astshe wshciocphe yotbsf appB B+ Ba tmied a | Bosr pgeamii aclsl. y
t heordbi tals of the chel ated met all oacrad iizreagqidnrebd tian
proyt from the HUmMmleaded mc arengrcdteheafd hybri di zati on
subsystems$al aaspect oformaddalcl i a@mprhetxeals i s t he
alignment betweend |drglaintdalasnnd met al
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3.2piShates | hayaerNi Pc

3. 2l.nit roducti on

Being Babterporate various metali §aoameswudiltyhebtbueeda
with the ability to host i ons wWWhen de Rteereddd stpd n
ordered ,s$bifi 8a@pesegeosmagypeafl omgsensing, heterogeneol
mol ecul ar spi pthrdinii]lc devices

I n the cionntteesxtarcdemabpilre ot atlees cemdamiabhé meedwnrd de r
as iamtrinsiofptbpemey al o,r gia.né .c, ctomp lelmowirrdd mmdnt of
organic backbone oiransd uac ecso ntsheeg osepiy and, hienttiecr acti i en ,

i nter awttihonot her mol ecul es aftefrhlifywr Bat hon i me s t h
research stexteemsal ostyinmul i such as | ight, pressur
tooransition bet ween di 2erenthel poteaohi aclonggar gy

Prefesabbyan cshhaonugledwibtechabbhpalalrextoubed under ami
condi tlinontsheigsautdi | imzitrad os, §ami cwhi ch t wo @&lpriemadsyt at ¢
i nherently clpboesenhtsledmrl ggngomoga tawsrdféatest,r ong
interaction with the |swxbsitnr aa es pleocci kysc tnhaeg nceadamp m
way, deactivates the spin switching functionalit.y

It is also fot hehies areasanhy Wwkhkw rea@loimpdtixess acf
periodic]|[hdary,ays , eveh f bex@gmpnheet-pht hal ocyamri nes,
frequeasbygi atmadneitilc [ hiCurrf aaciens i s tbhi $wigtalpbean y I |
i nvesitogaRhit hNeil ocyRBpo meas(uiuf, acwveherde moeashar ptur el vy
surface mediated bi st admialgintey i cof mnagroetliesc amdan oo

Ar t indlog matAud mGpanntdr i but i on
The f olsluowianrgy covers the computatiophiaaindoirk in

ext emdeeodmpl ementary data analysis.offhehicaweresjpe atd
mai rclomdubtedi a Co.jlocwaarsi uu esponsi ble for tHe comp
the sysantemordination with the experiments, I set
and discussed the results Whehw odwuaftxgper hemenpt at
manuscfrawhti ch pr avhieched t extt lateahde oyrgpurietsalf or

W) Check for updates
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3. 2Re&sul t and Discussion

Il nvestigated System
We start the cchoampaucttaetaifNozrbBatli on t he Cwi{thya bHuobhd

screening ffoarv otidrdes dmopstti on tglkeeo mey s ®em fisrealr tcthe s
three most common adsorptiiofeteopdbes idfi dheo (maqmgd) i
topwbhich the Ni center ofAddhe¢i onmalelcpyl et he 9t ace
consi dieousvaazi mut hal rotationst of octrhybset md | sedci urleec t w
Optimization of the systems | ealdissirtdod btiitheeT hreel at i v
azi muntdtadti on is given asNiNhexamsglod INetPwe eamdt hHeel
direcmtpmn

TaBLRel at i vaen de nmear lige dewslc o fd i dsdt Paonrcbe sn @ d & to s it fiefdantr @

vari ouisn arnegfleersence to the main crystal direct

Adsorpti Rel atiwv Nisur fa Macrosycf

(rotati [ eV] di st anc di st ance

TopA(O 0.87 2.91 2.96

Top A(30 1.01* 3.10* 3.00*

Top A(45 0.11 2.81 2.58

Bri die 0.58 2.79 2. 71

Bri dde 0.66* 2.82¢* 2.72¢*

Bri dde 0.56 2.87 2. 77

Hol | dw 0.15 2.78 2.51

Hol | oAv | 0.00 2.33 2.34

Hol | oAv | 0.90 3.00 3.01
*These values correspond t o sltoouscet ucrcersy e rwghei ncche wseertet
bel ow y. y* eVvV/ A). Tighteni ng tijhreevceaan veedr gtehnacte tchrea steer
conygurations are not | ocal minima, but |ie on a pat

furtheratipdn mATZotpr gnsy ti onBdaint & AT dmeel( A X eyd tAo. Hol | o0\

As wi l | be descrilmed sittetrmoamed € edala@d n g ernehnet
interface is dominated by the interaction Nietcween
favocuamygurations where the benzealkowve ng mHoltlhewd
of the Cop A)Hoilcl@yHo !l I(o®), which allows for bes:
between molecul eecandespofhfadceglegndshortest adsorpti
Tabilh¢ . Among these candi datwisttthé henoINe oot at ehddb | by
(showhRigwia)seems to flheomoathbe mol ec plos ial i mors e d
perfectly pat on the surface.
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THMThient eracti ofmhtblealweeyamMNine and a (
when the adcloebs|l Matth obhbél owo HNiN ea xai
ori entteod t3n0eA main crlystal direction |

STM i mages toep9ormtitbal | yoprefditche dmaloeaaulie with
main crystal directi omwsconFsotrrtubchteeed oohtygoebat soof
in accordance with t{hd hexpoédyihmeairgydlnlgat udpverage
monol alyher .t hree cover dgagurledt eamdhoawne i nepresented

ri ghy the epitaxisal aq‘{n%dlrdccéesp,deesu S with an
18 o O ¢ U

increasing molgchlar ydée mpiheyubyé.s/ ( nm)

Spi Me b@elntr e
Chel ated i4pltamears egmariece onment of the phthal ocyan

Nicentndepts a diamagnetic (+h) oxidation s-tate. T
statmdaonygurmwattiho mndkgmmp bijatsals hown ofiglie.el@ddahof
an electronidesondmrygemdatfirom gas pEhkegpsaeteal Tdholra tNii oPrce
is, however, not the only spiHo|lsdowiWw&dewr phiadbncant
Duetthe cl ose distance bet,wecehnarngceelrezcaumlifed eared sf urofm
the mol ecul ar Nlidaeyrer t §1 Bi sgng¢ghfei epgilfec tri @gdmt as,eesul t

a spin is induced on the mol ecul @ ceomdy gturé@u ¢ loenl. at «
cal cul at isongsgtewstthtu ® c al mini ma for the same adsorp
spin of the sysdppimih(isspimreadndcctnon is conyrmed ex
measurements, where two peaks arise in the Ni sp:¢
dandspecies.

For an isolated molecule on the surface, t he s
gain oefVvUpomweieasi ng tthoe ac olvoeorsaeh @®dpsatcaktiengi s st i | | f
by wWéinahéystability ofyu.NeMwhegni $ heedotedut es are
i n a closely packd@ddswmmirrmpmgementmol ecul ar states
di stri[bwuittifon her modynamic equilibEgumfat room tem

0 j o Q Equdhn

the calculated 3OnebgywdeRet b-apiepi nomnhglurnadthheon s u

spiprol ari zetdospecpesedominantl y (fpooynud aato dlnow ad dowoe r
and’ : f@%rsol anldalgs & esplelct iavedayt uratedNmosbvhobged, bo

exisbsal mqually on t:hhey%)ur flancdee e(dr,ata osiimj | ar tren
coverage dependent XPS experiments. Evaluating t
with increasing mol ecpleaiise praccrke nagly am dhdBrintNIt 6} ) | e s s
dense | ayer, while in saturated covwvadrodpgpd halspo st

conygurations.
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a) b)

* T :
Ni(1T) 2 1.0-
31 2
2
21 $ 05 -
GJ .
1- = Ni(1) Ni(I1)
s — g 00 : .
- 0 p======"""""""" Ni-surface distance (A)
W 18 2.1 2.4 2.7
|.I|-I - A % L L 1 L L 1 " " 1
5 < 1.0 A
2
()]
=31 5 0.5 '
-4 - CIZJ —— I’IO-SDII’]
p~ —&— spin
. | 2 0.0 1 P
|pDOS tpDOS |pDOS 1pDOS T 18 21 24 27

Macrocycle-surface distance (A)

Fi g34a¢e¢ Density of statas epridpgotteécomdmd HEhemrH

in referencreertgoy tshhreowne Pansedts Alkefden e mey h PRaBc

varying the adsorption height of the two moliea

ut il i zDe3(VPBEH U

In this regard, i t sohcocwlrdodémep sapt er ceicdsse diesihimatc t elle

to ubeli npdtiDFNMTtU.t he present study, we have <cho:
parametey Ndétabthehtcal d¥ficicmnoloditRad suggest a much
val vewg\ hi ¥ )hhiewelver, due to the screeniYognobesurr
expected ton deercoaspeasr echet arse pWWas bout t he Hubb:
correctibnwas not possible to optimizdnatesadabl e

estimatingglfer opnoisitn, pak eufPaBtEotohrds a mag MNe t( il ¢ ) state
yy‘e v

THMEmpl oyi ng DRTh+al, twvhee fsiutrdoa @aé mos a b i
spin states of dahdi amagnati &Ni Nia( lolm)
accept the additicomdli galradati oan nofudt e so:
tetrapyrrole environment towards the

Apart from tdh@eerarcgetoifc dhhe $mpdinngds asdees, robust
tda hdi R_Rcover age. A detailed anal yrso® o lolfeoxwedmp | mo lye c L
onlfyor the | oosd&oar rtareg ecneennttr.a | Ni dem, nchpamdircg
geometric colmseequeneeracti on with the Cu substra
mo | eacrulpt awar ds the surface ,(fwhoinh el .tihie jmotloe chu.l gsr
is locked at approxi mat eRiygiutrbee stame heisglaih ©Ffh 1t h
eneregs of theagdswai ome wifest h-eumiodeeudést ance, i . e.
gradually adjusting the adsslonr pytrisotn ahlpepirgphxti maft i tome
estimate the transition betdweddregtdcsei ttivwbn (d tiGnkelee s
approackes aan height above thetewafdsethéhdi enenrf
struconadrneloyncerns t he Ni |l eaving its coordination
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CharfgeansfMacrtoaeycl e
Thal most ihdee mgthftc inher ocycl eadbor gchhinylgur alti eady

indicates a sitbrionndg miegn c @ar & o nti tbhaec kbuo nslitbsrtgat e ns i t
di 2erence analysias chadged transéks from the surf
I ndependespgi mfonrhaghieoMs ,associ ated with the degene
of the molecule get populpakiegdiuraep d6or adlsiog prbsaod (
for NP¢bfeprting the odendiet  oad fatl & tstylset €mo | ecul ar o
Ni Pfcur tshieprports oUt | 9 tdrFatgeudr &, on the surface, t
unoccupied states LUMO/ +h Thea fdh areg eo wt rtehres fFeerr nmi s
by a | argeidetheasor k fewndtoiron hfersogpm fra.tieenve o ©ur. Vv
the mol ecul alrn momiosl aryeegar d, it mighthwbrek imMtrcteisa
change is not unisfpeercmefsor Imesttreaslpi murt wdrckul at i ¢
function for a ylenw wiatrblgeNMi (tlh)ani & ohyn yehteh eNh éwolr)d ss, p
additional el ectron PpodrsfieecedlRldcifioy@ctyheespt he w
function. Tahifsurctohuelrd ebxep lodbrsatriveen {swpheyt iviegsi ron t he s
as such |l ocal wor k function increases during y
mol ecules to adopt the Ni(l) state as wel/l

a) - b) :
20 — charge density difference 20 —

— Ap (%200)

P, T — Ap (x200) e e
LT _ PREEE
10 A ) ) 7 2 10 A A )

spin density spin density
5 Lo L0t rg 5 4 ~M@W—‘

roerlefDloin0n
loss ¢ gain W\M s loss @ gain i l

electrons/A electrons/A

Fi g3br eCharge demaibtngi ¢ipfffoedermeetcyompl ex hostin
as obtainebd3.with PBE+U

Experiment al i nsight into the energy | evel alig
phot oemi ssisocno plghpee ct aloence band spectra acquired
presence of three peaks |l ocated etV.biEmpilmgi egert
approach of photoemission orbital tomography (PO
t hese bienrdgiinegs eanr e sciommplaarteidontso obt ained from the
Figurke) . Note thatbamuae$ ttohea nt emsterad tuschseat s il muM akt e d
intensities insidw.yw" haivrec lbee emf $rogpditest 4 @edh| o ntr a:
note thdtwldheymmetry of the substrate and the ¢
domains has been taken into accounhte ipeetatkine gk sl
binding ep¥jgyafhbe attributed to emissijomsst fronm
bel blwe Fer mkiB=1.eévWel bel ongs to theévelUMP/ g ofFemMNid®c

charge density difference

z (A)
z (A)

aredthin the molecular assembl vy, t h eo nseh asr ppe cp hyoct
orientatioheofil eeom the substrate, Aroodmsd gue rotfl yt
N-NEN axis to the main crystal direction [yhh] see
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b) (surface) ~ HOMO is _LUMO/+1

1
~—

NiPc/Cu —— DOS ?
— HOMO -1
o — LUMO/+1 <0
= >
c -1
3
-2
£
g 2
o is _
fa | 1
== < 0
2
—— 5

-2.0 =1.5 -1.0 -0.5 0.0 0.5 1.0

-2-10 12 =-2-101 2 =2-10.1 2

E —EFr (eV) kx (A-1) kx (A1) kx (A-2)
Fi g36lag¢ Density of states of the NiPc/ Cu inter
The intermediate state found bi)n Qoohnoptaore nsiosns ioof n

maps (top) to srmobdatemindnédlp®dapRBBEHE pebbet BBB
Not éfadr t he petrieddicmuleated d ice & ,rFehdSi0Yitca va cbiié e o lo
i ntemster ad@Uur dvsaw ules endonncaets

As we cannot straigheéfohiwanddlfyatomichhab emobeatl
orbital abieWteent ataisvebn i nter mediSate c hsitnagt etthhériou)g h
correspondingi ®@heir gwldatanlogne nt ym wraa phsd daenidnt ensi ty
patteringi natibmdg hf s@gmn hapecyitess t he expelrni memdear tn
understand the origin of thuetipgdak osn maul mdleac unagrs
the gasFipgiatseeo t(t om Whinéeeégui tabl e emiasiqniodn bpa tftoaammnd
t hgas prhalsecultdne i ntensity ciasmt riinbdrgedplr mbdeo¢ ed hbéy i
supenposni of HOMOemhnssLtMOontrast to energeticall
a gas phase mol ecul e,sta dmgresreaarit d ome b It éd @tl hee
s

ubstrate is a broadening of the electronTHdensit
resultindebweehampotgh vesbirtiasles t o t he , o bwsheircvhe di sAF
therefore, a true interface feature.

THMStrong char gCu (tit0aOnt dhheer apyomol e ba
macrocycle on the surface regardl ess
tomography suggests the occupation o

l evel s.

Annealing

Next, we inwvkeesrtatmdaktot htehyeNi (I ) conyguration obser
Ni Pc | ayer. médasodadtdasgy ibteonygur ati on i s stable up t
temper aQnuirye supon annk,aldmign tsoengi‘ti ve met hods | i ke¢
detaeosti gnal edelt o d heciNds any more suggeadti(hg) full
Simultaneously i n phot oemi ssion spectroscopy, b
HOMO and LUMO aree¥ht otwadd byhe. et al Fer mi | evel
st awtams hEBlki s points towardssabstercatasiedt ennd etciudr ¢
decoupled molecular system after annealing.

We can mimic the expanrtiimemnitalll yynidn eirgesa shiyng t he
Ni PEs nf errdacef pomenti aFi @uinfdg) oy aec-sanrNiace di stanc
h i, the diisspolraridzed speci eusn fgawiocakmalb Ittreacrosmietsi on s
the planar mol ecul e without spin. Lifting the m
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changes the spin but

interaction of the t
surface. As the mol ec
the <charg,ert riann sdtehtehe
mol eewlred ace hybridiz§
interfacegradually Tilse =
i npuence on the front
i nFi guirseby t he densi f

projected onto the at _yg

Our calcul ations i nd E—Er (eV) n

upwar d shift of t he nFl g3UreDensipyojpéctseaters

j macrocycle fosulstifatre
OyX j |l eads to a -diodvvi s y

i nset sketches the art

t he HOMO and LUMO lopti mized position upw:e
agreement with the expgaritrhentmalr eobddarwadtaifcerwdnedh a
seen as a c¢clear peak in the projected density of
increasinglabhef moéd edustance.

Supporting our adklmocwe asti smtge mehret sa,d ssoirrmu li aotni ohnesi galt

nicely rsépreoldatciev e nc Wwamdge $ uvonfc ttihoen sampsesvedher en

poisntowat dgual i tdtReebnt interactions brFefresite and
wor k f udnecctriecansnepsar ed Ciuo hadjyggant o t he stobnbWwiRoht er ac
the sur-ffaetw) .( By annealing, this interaction is r
thereby i ncwoeraks i fnugh-etihiedvn , which we recover i n o1l

lifting the molecule away from the surface.

TalBRe Experi ment al wor k functdwrmnf aamea, reefl tadri vdee
annealing to 575K compared tcch atnlge dogo It thtee cwa
PBEBUY.

Experim WF [¢ Change Simul atWF \J]Je Change

d ean Cu 4. 7( d ean Cu 4.5¢

Ni Pc mon 4. 0( 0.7 opt . Ni 3. 87 -0.69

anneal 4. 1¢( +0. 1 di s®.j4C 3.9t +0.08

Compl ementary t o t he NEXAFS and POT @rxapyeri met
photoemspecbnoscopy (XPS) to study the e2ect of
As the frontier orbitals of Ni Pc, whimoh eaué ei nv
interacti on, are mainly | ocalized on tthencerdrmn
t hehsC spectra. To establish theamal nsipse,akwe i a1t aori
experimental data @fasNiRated L£Lnu ocuydam digsura ref
fwa) Simil ahetonvestigation ofi. hewe agmdhaenohaiicechapt e
behagyephabelead is electronically dlehceoxuppd reidmefnrt carh
spectrum consists of twandbtrdhbatemieakisognswhicdm
bound to othere¥Yhraondstd¢hiwevVpogerbpeeihg small p
hwe vhapWMevi bedidye ntaisy¢dap *s at el 1limr "] I n accordance wi
stoichiomet+Ci andafCho NoPcC(hr:w), 6 we obtain a rat.
intensities of T :h., The el edturdahlielcovds cou ptl o ngo rhp a
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1]

Intensity (Arb. Units) —

c)[m experimentalhspearnergi bd C

(NPc/0-Cu(z00)) A, ST the gas phase mol ecule <cal
gK-S approach. Her e, we yn
agreement i n t he rel ative

bet ween experi ment and t

(Nipercu) supporting oOuFi qma gtnonpe nt (
the absolute calschulfateedd fwoal
“ comparison).

Goi ng tfhreodmmtiher pasismgat ed

satellite
287.8eV
'

288 286 284
Binding Energy (eV)

Intensity (Arb. Units)

tdhe above,pdirsecuGw edur f ace,
asleposited Ni Pc receives ¢
| substrate. According to our
. . additional octapatiudMoOs of
286 284 increases especially the el
Binding E v _
inding Energy (eV) C-N component F(isgagnw) .i n
Fi g38rea) Cls Q®PES100) NwiP As s umin such a local char
peak fits. b) CalculratLe .g _ 9
and LUMO+1. ¢) Experimalso imply a shifthsof the
passivated Cu and depo:component toward | ower bin
annealing; ' ines marka—EI q q d
approach; absolute val ' NO€eed, we see a ecrease o
experi ment i n t he experiment al XPS S
h ., lety -CO) t eVh (h€GW g ufemi dil e This relative shift b
componemitcsedgroduce dXAS stihmul ati on for, twherHdi Rdh/eC
relative peak edvi sftoarn cteh eo fmohl.eicwwl e i n teh\e ogm st hpeh a s
Cusur f ace
Upon annealing, the expewniamemtat hXPiSwe pmainume a
further aparetV)agawen c(amn. hexpl ain these yndings by
density in the LUMO, pointing toward a reduced ¢
surface. Artiyciall yarldisfamnigt & hep tnioniezceud esmadipavr pt i
similar reélnattihwee sdmufltat € & . X\PdS swaesc tfmaas diried dat a
(Fi guvce bo}YThouns, the comparison between XPS exper.i
supports our idea of a change in interaction bet:\
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I n our Ssimelrataiso mg, t-her fnaoclee cdinl eed @aitca@r yiesduce t he
calcul atedsc¢rar qqen dt, r & o npreogpueernttileys swaR®ekttast tehe wor

Chs XPSaBpweevter, it should absctoerhpe mathu rkessTdMalf t *htat
i mages show the ocafashewalsupoamat ewintlelasrt | mar edt u
di stances bet ween adjacent mol ecul eSS misimad | éri ght
temperatures (close to 8 LsukK)f alceev er elaeced i ornesp o rnt ende
mol ecul es on mdgthalh ,.3Mhb B ter awes s c annostl yu niadishnetgiufoy

processes taking , ploaucre cuopnobni nteedatexnpger i ment al and
mo st i mp oprrtoavn tdleys strong evidence t hatsuadmeal i n

interaction.

(THMinon anneal i g, geedaircndmeEmd st i on ¢
surface. I n our calculationdelwieb ao®t
the molecul e away hfer®ecyd ntghr es uebxspterrai tn
| evel alignment, work fuHehcen ikchan:
believe that the interaction is 1ind:¢
mechanism remains to be solved. )
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3. Bdsor pt $nmanGhosfes at Ni TPP

3. 3l.nit roduction

Beisden®viomrg an intrinsically akahmedw!| eciempy b&and:
previexwmampalne alternative means of switching the s
externall esadimag it t metdiyf yiheg | i gand yeld around th
[hMid ,hr Suths modiycations may include conformati on
adosr ption of Esipzici i bpnddhe flretqgiuempimpi hedur al

processvhs ch utilize t lodpo mph wictiuhhes rb isotlrougcitcuarle pend:
synthetic pht hatlflboecy aecoasd ampgortantesdh®upno off t e
prominent example of-chahggamnd theéeuaedospithon of

group to transport the | ife [shuishtravi$n i ma lbgytasid i n t
success , ntmeatadeor ption of smal/l gases to porph
attentni arhe pl asywgrfawcred & ‘ein]c e

Whil e various experiment al technigues <can give
changes inducedl blyi ¢ddrd,addhoirongh understanding ¢
from comparison with theoretical simul ations. Her
exclusively the method of choice from the ,theoret
howevwel ies on sever al approximations, which in t
the calculation. At the moment, modelling surfac:e
generalized gradient approximations ( @&@&#Mnowhhi s |
and yercely di s[chuhsysjéhd! yi pormoebtlheenhse s s, it alslimes acc.L
the electronic strfuet ueat efdepdor phly &rgimilslaOn | aher s
opposite, the adsorptioniomf ismmla8lamesaucwlesss faitl |y
model |l ed by applying a cluster appa oclcluhst ewheoafe nt
at oms, or at 8Bhesi agt[eelme, dmBlyyssing the e2ect of [
comes at t he laldovainn ghg fgdhre frtehae or vy, e. g.: in the f
functional s, for the description of a rather 1| oc
of the centradn ntehteal otahteorm. hand, neglecting inte
simphgfyhe mwalbesaulad e interactions may as well | €
electronic structure when compared to actual exp
Either way, careful analfysihe wiettthiord tilse nleiedietda tti
interprehatebmse hiTsweya@tiinonn o deepen our wunder st a
and spurious interactions t hpor ptaiym i aarr if ae€ e wh eann dj,
parti molecul arbesfwointe hesvwal uating experiment al dat a

Art indlog matAua mGoanntdr i but i on

The following section summari zesswiurchs e airtcehr ffaocre
investigation eventually cul minated iThhe war tpiudlld
[T hrlepresents my imai,n acso nittciofwpméhes ycheédbyeti cal asp

complexity of mo d d Inltiemrd agersicadies | ded wehecr dat ed t
underlying concept of the manusrncirjapnol acd!| -awr i speém
swi thah beemlimedl|l ose col leslpercH &l diyMgittuhr man d

Gi ovanni Zambwhdmnoéept ual i zermdd tchoen dsutcudeyd tWee exper
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di scussed the r elsuddarst rtiobguetphdetra thaeodh at | padirmg t ext
yguried the manuscriopt, as wel |l as revised it.
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Fi gdbr eHeaders pB9pathudingchkeb contributi
published in InorganiwarChi mi S8malAkcta, the
3.3R&sults and Discussion
Adsor bainTPP)

Our i nvegcteing @ateicsam d tfoe gmet al Nampglreaxyhenyl por phy
(Ni TRP which we wil!/l study in three di2erent envir
properties of Ni TPP, we present gas phase si mul
adsor pteihmwobumddi tional | iodgcahredrsi ciah | y hdahlt gemidv e |
interactions. Building the bridge to surface sci
which control the oxieddtrieomcet ahe efetheoNi densi

repect the way how additieamdl altiognand ads drhke a&stec
have chosen Ni TPRsesnvahedxyCidintapy)h xh) Rr reconstr
(&Cukigukwg . I'n a previCauys tahteumgli,e xomva®@of bendecoupl
from the surface, essentiallyh wrael]daicthien@ti hyg @agd c
Nid)( cFi.gu.hg) Our third system consists of a monol
Cu(hyy) Biugdlde (Previous studies on this system
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transfer from the substrat
resul tistwgroinngly distorted a
geomef{hyh 1S multaneously,

di amagnetic Ni (h+) i s re
paramagned)i c s phic@ f&s$ gur e
hd)
Adsor b8&maekl Gases)
As | igands, we have choser
(CH,HO,NH, CO, NO) andhich are
typically associated Wi t
coor di nbaethiaovni muro rmgeatnaol | i c
chemistry. At this point, i
revisit the bonding concept
compl exes wéefloogek i nto t
properatti etshe-mettoivanyebdr i d
Fi g3diBei de and top Vviews interfaces. Usual l vy, t he i
Ni TPP opnasosxiyvgaetned Cu( 10 met@aénwiehurteusding | igand
(b), respectively. Panepe ynderstood as a redistri
projectedsboatest her Nbot . .
is in refeaacsuwuen temerlyy, €t ween the involved specie
the Fermi energy E mai nly valence electrons cc
formati on, the ligands are then <classiyed accord
donate/ accept el eotrrbansaltso/offr otnmet hmeetdal . The stre
gover nede nbeyrl giywae limgm t and symmetry of the interact
understand the <classiycation ofdeosucrr i d@&s otrhbeaitre hg
occupied and | owest unoccupied mol Ecgukd . oFbrtal.
the bonding, we wild.l adoptant-epibomembs depanhdobngof

pl ane passes throu@h ohegnodoobn@ded nucl ei

THMAdsor pti omnanpaspusvuartfeadc eCucontr ol
spin s ttaetter aopfh eNniyi Inpg eenfdoleyemeisnge mol ec ul a
Ni (I') and a Ni (Il W¢ wipllci esyestespacei
I nitial stpheetbgspttaifoersx f @ernal gas | igan
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