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Introduction

hthloynine moleules hve een the sujet of lrge numer of investigtions due to their verstile pplitions in the res suh s photovolti mterilsD lightEemitting diodesD solr nd fuel ellsF 3{6 wore reentlyD mgneti phthloynines nd relted moleulesD hve ttrted muh ttentions for orgni spin vlve deviesD 7 uondo ouplingD 8 spinEstte mE nipultion 9 nd even moleulr quntum itsF 10 feuse mgneti orreltions re strongly eted y moleulr rrngement nd intertion t interfesD there is n evident need to hrterize the moleulr rhiteture of tive orgni moleules on stndrd metlli P pigure IX op X struture spe group P 1 P 1 P 1 from vu 2 a a IH:SSQ # eD b a SH:UWS # eD c a V:WSW # eD tken from efF 1 Y ottomX struture spe groupe gPG from xd 2 a a IW:HI # eD b a IW:HTT # eD c a IS:SQV # eD a IIT:IH tken from efF 2 he higher plteu of douleEdeker phthloynine is represented with lighter olors for lrityF surfes suh s goldF his would result in detiled knowledge nd understnding of the moleuleEmoleule intertions s well s moleuleEsurfe intertions nd possile hrge trnsferF e lrge numer of investigtions hve lredy een rried out on metl phthloynines @wsA on gold sustrte with the im to hrterize the interfe etween the gold nd the wsF 11{14 sn these studiesD ws re found to form losedEpked selfEorgnized two dimenE sionlly @PhA ordered res t monolyer overge with tElying moleulesF sn suessive dlyers the moleules either dsor t or tiltedD depending on the entrl metl tion of the phthloynineF nfortuntelyD these single deker moleules re sensitive to oxydtion tht n our on the entrl ionD degrding their eletril nd mgneti propertiesF his limittion n e detered y the use of douleEdeker phthloyninesD s shown in reent rtileF 15 sn the study presented hereD we fous our interest on lnthnide douleEdeker phthloynine of lutetium @vu 2 AF ih moleule is omposed of two identil phthloE yninesD rotted y RS ginst eh otherD nd ridged vi vu@sssA ionF feuse of tht prtiulr geometryD only peripheri lignds re minly eted upon dsorption on retive Q surfesD 16 preserving the intrinsi eletroni properties of the moleuleF he rystlline strutures of douleEdeker phthloyninesD re presented in pigFIF he most stle struture for vu 2 in single rystl or powder orresponds to the struture 1 wheres the struture is oserved for other rre erth douleEdeker phthloyninesF 2 hespite reent studies fousing on douleEdeker phthloynines on metl or semiEmetl surfesD 17{21 none of them re deling with vu 2 on eu@IIIA surfeD ddressing the glol nd lol struturl rrngement of multilyers in reltion with the sustrte nd the miE rosopi eletroni struture of the rywy nd vwy sttes in losedEpked multilyersF sn this workD the omintion of grzing inidene Ery dirtion @qshAD snning tunE neling mirosopy @wA nd density funtionl theory @hpA lultionsD llows us to give omprehensive understnding of vu 2 Geu@IIIA systemF he struture nd the orienttion of the losed pked moleulr rhiteture with respet to the sustrte rystllogrphi diretions is reveled y using qshD showing squre inEplne lttieF he selfEssemly is unveiled t moleulr sle y wD reveling rottion of the two lignd plteus for minE imizing selfEssemly energyF sn the multilyer stkD n elipsed ongurtion is evidened thnks to unique hp lultions rried out on selfEssemled doule lyer of vu 2 F Experimental and Theoretical Methods Sample preparation he eu@IIIA single rystl used for the experiments ws provided y urfe reprtion vortory ompnyF he gold surfe ws prepred y repeted sputtering nd nneling @t out TSH gA yles until shrp pttern ws oserved y low energy eletron dirtionF nder these onditionsD the well known eu@IIIA PP ¢ p Q reonstrution ws oserved y w nd y qshF 22 vu 2 ws synthesized ording to literture methodsF 23 ell the depositions were performed in situ under ultrEhigh vuum @rA onditions to prevent from smple ontmintionF R vu 2 moleulesD pled in poket resistively heted or in dedited evportor for moleulesD were outgssed for few hours t PSH g until the se pressure of the experimentl hmers @low IH 10 mrA ws reoveredF huring the moleulr depositionD the poket or the ruile of the evportor ws resistively heted to round QHH gD while keeping the vpor pressure in the low IH 9 mr rngeF wost of the results presented here hve een otined on multilyer deposition followed y n nneling t QHH g for IS minutesF qsh experiments hve een rried out on the s emline t the synhrotron yvisvD 25,26 the photon energy ws set t II keD orresponding to wvelength of IFIPUIR # eF he moleules were deposed in situ in the dirtometer hmerF he optil signture of vu 2 moleules ws heked in rel time during the deposition y surfe sensitive optiE l reetivityF 27 he inident em hs een kept t n ngle of HFR in order to prevent sttering from the ulk y reduing the penetrtion depth of inoming rysF ell qsh mesurements hve een performed t room tempertureD using point detetorF he hD kD l indies orrespond to the surfe unit ell of eu@IIIA with a a b a a 0 ell hensity puntionl heory @hpA lultions re performed with the e pkgeD the erdewEfurkeEirnzerhof @fiA exhngeEorreltion funtionl nd the projetor ugE mented wve methodF 28{32 he energy uto is RSH e nd the vn der ls @vdA interE tions re omputed with the kthenkoEheer methodF 33 truture optimiztions re performed until ll fores re less thn HFHI e G # eF he optimiztions re rried out to relx strutures nd volumes for the mono @douleA lyer of vu 2 moleulesF pree stnding mono @douleA lyers re onsidered in this study to model the selfEorgniztion of the moleules driven y vd fores in multilyer regimeF 16,34,35 por single moleule lultionsD only the point of the frillouin zone is omputed nd the struture of the moleule is optimized while the volume nd shpe of the simultion ell with size of PV ¢PV¢PV # e D re kept onstntF por mono @douleA lyersD the simultion ell ontins I @PA moleule@sA nd the vertil distneD leled s zD etween moleules of neighoring simultion ells is kept to t lest IP # eF he initil lterl dimensions of the mono @douleA lyer is ssumed to e IU # e in oth diretions forming qusiEsqure lttie on the vu 2 monolyerF he ssumption of qusiEsqure lttie is motivted y reent studies of metlEfree moleules dsored on eu@IIIA forming similr qusiEsqure lttie 36 nd y the present study using qshF he frillouin zone is smpled with wonkhorstEk sheme of Q¢ Q¢ I kEpoints where the periodi diretion of the mono @douleA lyer is ssumed in x nd yF houle lyers of vu 2 moleules re studied with two free stnding monolyersD one dsored on the other @dsorpE tion diretion is zAF feuse the dsorption potentil of two vu 2 monolyers is expeted to e dominted y vd intertions 16 nd the dsorption surfe re is reltively lrge @eFgF IQFR # e¢IQFR # e for the optimized free stnding monolyer s disussed elowAD severl lol minim in the potentil seprted y shllow potentil rriers n ourF husD we smple severl dsorption strutures y shifting the upper vu 2 monolyer over grid of points with resolution of HFUS # e in xE nd yEdiretionF ynly qurter of the unit ell is smpled due to the symmetry of the strutureF e ssume tht no rottion of moleules in T the upper nd lower lyer ours with respet to eh otherF he initil seprtion distne etween the two lyers is QFS # eF ith the totl energies of the optimized single moleule @E s A nd of the mono @douleA lyer @E m(d) AD the formtion energy per vu 2 moleule n e estimted s

E m(d) f a @E m(d) nE s A=n
where n is the numer of moleules in the lyerF he dsorption energy @E ad A of one monoE lyer tthed onto the other n e expressed s E ad a @E d f nE m f A=n:

he nd deomposed hrge density @fhghA method n e used to simulte w imgesF ithin this methodD the ondutivity is ssumed to e proportionl to the hrge density within n energy window determined y the is voltgeF he is voltge in experE imentl mesurements is ssoited with the is energy in the fhgh methodF he hrge density within ertin energy windowD eFgF from rywy to P e elow rywyD n e otined y summtion of the densities over ll kEpoints of the sttes within this energy rngeF he summtion n e rried out over oupied nd unoupied sttes reltive to seletive energy levelD here we hoose rywy or the vlene nd mximum @fwAF henD Ph density prole is tken from fhgh t height of z the simultion ellD whih n e used to qulittively evlute experimentl w imgesF e hoose to tke the density prole t height of PFV # e ove the vu 2 moleule lyer in lterl diretions t is energy of EP nd P e @orresponding to EP nd P is voltgeA round fwF U

Results and discussion

Self-organization at macroscopic scale pigure PX @eA X n long the IIH diretion of the reiprol spe of gold efore @lk dotsA nd fter @pink dotsA deposition of moleulesF @fA X snEplne mesh @laHFHS # eA of the vu 2 Geu@IIIA fter heting to PVS gF @gA X epresenttion of inequivlent domins of vu 2 on eu@IIIA lttie @olored in yellowAD sed on the experimentlly determined Ph lttie nd lose pking of the vu moleulesF he upper plteu vu 2 hs een oloured in light grey for lrityF snEplne moleulr distnes re represented y plin line red rrows of a a IQ:T ¦ H:I # eD b a IQ:T ¦ H:I # e with n ngle of WH ¦ H:I etween the two diretionsF he min qsh results re displyed in pigFPF he plot in pigFP@eA shows sn long the IIH diretion of the reiprol speD iFeF long the lrge side of the herringone reE onstrution of gold round the @HDIDHFHSA onditionF he ut hs een plotted versus h V index for ese of representtionY lk dots orrespond to the len gold surfe wheres pink dots orrespond to the signl mesured for IH nm thik lm of vu 2 D s depositedF he entrl pek t h a H orresponds to the intersetion of the rystl truntion rod of eu@IIIAY the peks t h a ¦H:HIP reet the periodiity of the elow positions ppering on the zigEzg reonstrution long IIH diretionF 22 he peks found t h a ¦H:HRS nd h a ¦H:HW re ssigned to the rst nd seond order of PP ¢ p Q herringone reonstrution respetivelyF 37 pon vu 2 depositionD it n e notied tht the peks relted to the gold reonstrution pertins ut re smoothed nd shifted to lower h vluesF he ttenution of intensity is ttriuted to loss of long rnge order of the reonstrutionD wheres the shift indites tht the period of the reonstrution inresesF prom the position of the rst nd seond order peksD we mesure n inrese of out RFS 7 of the periodF e similr result hs een otined y sski et lF when depositing nphthoPDQEpyrene on eu@IIIAF 38 sn their experimentsD the period of the herringone reonstrution ws shown to inrese from TFQ nm up to IW nmF uh vritions my e relted to hnge of surfe stressF sndeedD the eu@IIIA reonstrution orresponds to densition of the surfe plneF st origintes from the lrge vlue of @ AG@a 0 E c A where nd re the surfe stress nd surfe free energy of the nonEreonstruted @I¢IA surfe nd a 0 nd E c the lttie onstnt nd oE hesive energyF 39 hen the surfe stress deresesD the surfe density of the reonstrution is lowered nd the period inresesF uh surfe stress vritions re ommonly oserved upon hemisorption 40 nd redution of tensile stress is ssoited with hrge trnsE fer from the sustrt to the dsorteF 39 he surfe stress dierene etween the @I¢IA nd @PP¢ p QA surfes hs een previously estimted s HFP xGmF 41 sn the present seD the hnge of surfe stress must e muh smllerD of the order of few mxGmF his is lso muh smller thn the surfe stress vritionsD of few xGmD oserved when dsoring highly eletronegtive tom on trnsition metl surfeF 42 his indites tht the hrge trnsfer etween eu@IIIA nd vu 2 is very wekF uh hrge trnsfer hs lredy een evidened for metl free phthloynine on gold y mens of Ery sorption spetrosopy 43 nd is W reported here for the rst time on douleEdeker phthloynine y using surfe dirtion to our knowledgeF he inplne mp @q c aHFHUV # e 1 D orresponding to laHFHUA of one symmetry domin of the moleulr lyer is displyed in pigFP@fA on lyer nneled to PVS gD elow the sulimtion temperture of the moleulesF wo series of spots re seenX one t q k a H:RTI ¦ H:HHP # e 1 D orresponding to IIH reetionsD nd the other t q k a H:TSQ ¦ H:HHR # e 1 D orresponding to PHH reetionsF he presene of shrp spots lerly indites long rnge order of the moleules in the surfe plne tht selfEorgnize in squre lttie with moleuleEmoleule distne of IQ:T¦H:I # eF xote tht the oserved lttie is quite lose to the lttie periodiity of the @HHIA plne of Estruture of xd with a a b a IQ:RT # e with n enlosing ngle of VWFVQ F vooking refully t the inEplne mpD one n note tht there is n lternne etween sinE gle spots nd doule onesY moreover every doule spot of the fIIHg reetions orresponds single one in the fPHHg nd reiprollyF he period etween two @doule or singleA spots is rougly QH wheres the period etween two spots @no mtter whih onesA is out IS F his ounts for totl of PR dominsD whih divided y the TEfold symmetry of the sustrte nd onsidering REfold symmetry of the overlyerD redues to P inequivlent symmetries of orienttionF foth inequivlent symmetries re plotted in pigFP@gAD denoted s gongurtion I nd gongurtion PF foth re rotted y n ngle of RS reltive to eh otherF he moleE ulr pking is tken in nlogy to the Estruture of xdD in whih the two plteus of the moleule re slightly misoriented with respet to the free moleuleF sn the gongurtion ID reltive to the single peks of the mpD the moleules rrnge in squre whose digonl is ligned with the lose pked diretion of the gold sustrteF sn this ongurtionD the sides of the squre @represented s red rrows in pigFP@gAA re not ligned with high symmetry xes of the gold sustrteF he two ongurtions lelled @PA nd @PAD orresponding to the twin spots of the mpD re generted y slight mislignement of the moleulr squre ell of ¦I:PW with respet IH to the IIH diretionF yne side of the squre is then lmost ligned with the ridges formed y the herringone reonstrution long IIPD while the other is perpendiulr to the ridgesD long IIHF o fr in the litertureD ll studies report on ongurtion similr to ongE urtion @IA in monolyer @wvA or suEmonolyer @suEwvA selfEssemlies of single deker phthloynine of peGeu@IIIAD r 2 Geu@IIIA D guGeu@IIIAD wnGeu@IIIA 13,36,44{46 or in douleEdeker of 2 Geu@IIIAF 20 sn w study of vu 2 Geg@IIIAD oder et lF found tht the smllest ngle etween the one unit ell vetor of the moleulr ssemly nd one of the equivlent sustrte diretions ws determined to e IS D orresponding to our nding for the ongurtion @IAF 17 e similr ongurtion is then expeted to our t the monolyer overge of vu 2 on eu@IIIA s suggested y the qshF o our knowlE edgeD no studies report on the oservtion of the ongurtion @PA t wv or suEwv overge on gold in whih the squre lttie formed y the moleule is ligned with the ridges of the herringone reonstrution of goldF he ongurtion @IA seems to e driven y the moleuleEsustrte intertion rther thn y moleuleEmoleule intertionF ery few studies report on the pking of the moleules in the multilyer overge rnge from the struturl point of viewF sn w studyD the uthors investigted suessive depoE sitions of peGeu@IIIA nd evidened the presene of the pking of oth ongurtions @IA nd @PAF 13 sn the w imges ler lignement of the moleules long the rigdes of the herringone reonstrution is oservedF yur qsh mesurements indite lerly the presene of the two ongurtions in the multilyerD with intensities presenting rtio of out PGQ for the two ongurtionsF prom the disussion presented oveD we n suggest tht even if the herringone inuenes the nuletion site of the moleulr terrssesD it is most likely the hexgonl symmetry of the sustrte whih ts s templte in the monoE lyer regime wheres herringone reonstrution inuenes the selfEorgniztion in the stkF he qsh mesurements llow us to gin the following informtion regrding vu 2 Geu@IIIA X { the herringone reonstrution pertins upon the dsorption of the moleules ut enE II outers relxtion of out RFS7D ttriuted to smll hrge trnsfer from the gold sustrte to the moleulesF { the moleules selfEorgnize on the herringone reonstruted gold surfe in perfetly squred inEplne lttie of IQ:T ¦H:P # e whih is lose to the moleulr pking present in the strutureF { two min orienttions of the moleulr ltties with respet to the sustrte re eviE dened X either the moleulr squre lttie is ligned with the dense diretion of gold or it is rotted y IS F

Self-organization at microscopic scale sn similr experimentD w imges reorded t room temperture on n nneled multiE lyerD re displyed in pigFQF he top imge @pigFQ@AA orresponds to n re of IHH nm¢PQFT nm where lrge terre of selfEorgnized moleules is oservedF reight prole long the solid line is presented in pigFQ@A nd zoom of the frmed region is shown in pigFQ@AF yn the lrge terre seen in the top imge @pigFQ@AAD sre individul moleulesD ppering s white protrusionsD re resolvedF he terre hs shrp ut irregulr edges nd presents extended defets @holesA interpreted s missing moleules in the selfEssemlyF he most interesting feture is evidened y the height prole seen in the pigFQ@AF prom the left sideD rst protusion of out PFS # e orresponding to single moleule sitting on the underneth lyer is seenF hen step of out T # e is mesured when rehing the terreD with step down of out PFS # e D when rossing the side of the inner hole in the terreF feuse the step from the lower lyer to the upper terre orresponds to out twie the height of single moleuleD the terre is interpreted s omposed of doule lyer of vu 2 moleulesF his trend hs een systemtilly oserved on dierent smples fter nneling ut lso for the sEdeposited multilyersF his ehvior is intriguing nd hs not een reported so fr for IP pigure QX w imge reorded on vu 2 multilyer fter nneling @EPFT D UHH peAY @A lrge sle imge of re IHH nm¢PQFT nmX @A X height prole long the solid line drwn in the lrge sle imgeY @A zoom region frmed in the lrge sle imgeF IQ douleEdeker phthloynines to our knowledgeF uh ilyer formtion hs een lredy reported for the polr moleule of itnyl hthloynine @iyA deposited eg@IIIA for multilyer depositionF sn the oserved ilyers the two titnyl groups re fing eh other in stggered ongurtion where the negtively hrged oxygen of eh group fes the hydrogen of the enzene groupD stilizing the ilyerF 47 sn vu 2 Geu@IIIAD the shrpness of the terres edges points towrd stking in whih the entrl ions re superimposed in n elipsed ongurtion s it will e disussed lterF vooking t the zoomed imge in pigFQ@AD the moleules lerly selfEorgnize in two domins @IUA oderD wFY unupferD wFY hnD hF F FY rietsholdD wF snitil qrowth of vutetium@sssA fisEhthloynine on eg@IIIA urfeF J. Am. Chem. Soc. 2011D 133D SSQVF @IVA mykllD vFY hukrynuD FY rietsholdD wF snvestigtion of ltrthin vyers of fis@phthloynintoAlutetium@sssA on qrphiteF J. Phys. Chem. C 2012D 116D VHHVF @IWA utohD uFY oshidD FY mshitD wFY wiyskD rFY freedloveD fF uFY ujiwrD FY kishiD FY sshikwD xFY ssshikiD rFY hngD F pF et lF hiret yservtion of vnthnide@sssAEhthloynine woleules on eu@IIIA y using nning unneling wirosopy nd nning unneling petrosopy nd hinEpilm pieldEeet rnsisE tor roperties of @sssAE nd hy@sssAEhthloynine woleulesF J. Am. Chem. Soc. 102D HUQHHSF @QRA v uderD tFY irikssonD yFY nylD fFY frenD fF evisiting the edsorption of gopperE hthloynine on eu@IIIA snluding vn der ls gorretionsF J. Chem. Phys. 2014D

140D IPRUIIF @QSA v uderD tFY nylD fFY irikssonD yFY ugliD gFY frenD fF gomprison of vn der ls gorreted nd prseEwtter hensity puntionls for the wetlEpree hthloE ynineGqold snterfeF Phys. Rev. B 2014D 89D HRSRITF @QTA uomedD FY ssshikiD rFY viuD tF wetlEpree hthloynine @r 2 A woleule edsored on the eu@IIIA urfeX pormtion of ide homin long ingle vttie hiretionF 

  tht hve een seprted y dshed line for the ske of lrityF he two domins present squre lttie of identil prmeters nd orienttionD in greement with qsh oservE tionsF he xis linking two opposite phenyl groups of the upper plteu @denoted s phenyl symmetry xisA is rotted y out PT lokwise or ounterlokwise with respet to the side of the squre lttieD for the upper nd lower domin respetivelyD s skethed in the selfEssemly IF o go further in the understnding of the Ph pkingD two selfEssemlies n e proposed to interpret the w oservtionF gonsidering moleulr desription deE rived from the xd 2 resolved y h in the ongurtionD 2 in whih the lower plteu of the moleule presents rottion of out QU ompred to the upper one @insted of the RS in the isolted formAD two rrngements of moleules n e onsidered to restitute the w mesurement for the two dominsF he two selfEssemliesD skethed in the pigFQ@AD re proposedF hey only dier in the rottion of the lower plteu with respet to the upper one @lokwise for selfEssemy I nd ounterlokwise for selfEssemy PAD iFeF the moleules re ipped from one model to the other of the sme dominF he moleules need to e ipped in the seond domin elow the dshed line to preserve the orienttion of the squre lttieF hierenes re oserved in the two proposed models regrding the respetive positions of the lower plteus X in the selfEssemy ID the lower phenyl groups of djent moleules re in lose ontt whih is unlikely to our due to steri eet nd hydogen repulsion wheres in the selfEssemy PD the phenyl groups re distntD mking this ongurtion more fvorle IR oneF st is worthwile to note tht in selfEssemy PD the symmetry xis of lower phenyl from one domin is ligned with the upper one of the other dominD induing n identil pking for the upper nd lower plteuF prom this rst qulittive nlysisD the selfEssemy P ongurtion seems to e fvorle to reprodue the oserved w rrngementF sn order to vlidte the ove experimentl nding on multilyerD simultions of w imges t positive nd negtive is using hp hve een performed on suspended single lyer of vu 2 in vuum nd the results re presented in pigFRF he stilized pking otined pigure RX veftX ixperimentl w imge reorded on multilyer of vu 2 Geu@IIIA for smple is of CP nd EPY ight X imulted lttie of monolyer vu 2 spnning over severl ells t ises orresponding to CP @topA nd EP @ottomAF from hp orresponds to squre lttie of IQFR # e whih is inline with the moleuleE moleule distne of IQFT # e mesured y qsh nd whih orresponds to the w ndingF he phenyl symmetry xis of the upper plteu ppers to e rotted y PT with respet to squre lttie s lso oserved on the w mesurements @PT E PV ws estimted on experimentl w in pigFQ@AAF woreoverD the lower plteu of the moleule presents misE orienttion of QU with respet to the upper oneD vlidting the selfEssemly P proposed in IS the pigFQ@AF he hp lultions revel how the selfEssemly modies the distriution of lled nd empty eletroni sttesF et is of EP D the lled sttes onentrte more on the enzene ringsD nd only four right protrusions re oserved in oth hp nd experimentl wF et is of CPD the empty sttes re splitted on the side of the pyroli groupD ledE ing to the oservtion of two distint loes of intensity in the lulted nd experimentl w imgeF hen ompred to the isolted moleuleD 48 empty eletroni sttes re now distriuted on the four enzene rings eqully evidening redistriution of the eletroni sttes indued y the selfEssemlyF he similrities evidened here n e regrded s vlidtion of the hp lultionF hp lultions of the selfEssemled lyer eing vlidted y experimentl evideneD we n investigte further the ongurtion of n dlyer onto the selfEssemlyD nswering the question on how the two moleules in the upper nd lower lyer re oriented with respet to eh otherF o tht endD hp lultions hve een rried out on doule lyers of vu 2 nd the results re shown in pigFSF he optimized struture of the vu 2 single moleule is shown in pigF S@eA @left topAF es known from our previous studyD 48 the outer prts of phthloynine plteus re ent wy from the enter of the moleuleD leding to mxiE ml distne etween the lower nd the upper phthloynine plteu of more thn RFQ # eF he optimized struture of the vu 2 monolyer @pigF S@eA right topA shows thtF sn the monolyerD the phthloynine plteus eome t with height of less thn QFR # e tht is redued from RFQ # e in the free moleuleF o our est knowledgeD this is the rst time tht hp lultions determine urtely the experimentl height of vu 2 moleuleF reviE ously it ws ssumed tht vd fores ould led to ttening of the moleulr struture or it ould e used y vertil stking of severl douleEdeker phthloynines on top of eh otherF 48 rereD we dditionlly show tht the lterl intertion to neighoring phE thloynine in douleEdeker formtion leds to the ttening of the struture during the monolyer formtionD resulting in lterl extension of the relxed qusiEsqure simultion IT pigure SX @eA ide view of the optimized strutures of the single moleule nd the monolyer of vu 2 s well s the shifted nd the elipsed doule lyerF he lterl extensions of the simultion ells re indited with dshed linesF houle rrows show the height of the moleules s well s their seprtion in the doule lyers or the simultion ell sizeF @fA otentil energy surfe of shifted doule lyers in x nd y diretion mesured reltive to the glol minimum of the omputed struturesF IU ell of IQFR # e in oth diretionsF sn onstrst to the single moleuleD the two phthloynine plteus re not rotted y RS to eh otherD ut the ontrtion of the simultion ell durE ing volume relxtion redues the ngle to QU D in greement with the xd 2 strutureF 2por the doule lyerD we distinguish etween two strutures s followsF sn the lowest energy struture shown in pigF S@eA @middle rightAD the moleules in the two lyers sit on top of eh other @elipsedA resulting in the sme orienttion of the upper nd lower phthloyE nine plteus in eh moleulesD respetivelyY iFeF two djent plteus re rotted y QU F sn the most unstle struture shown in pigF S@eA @left middleAD the upper vu 2 lyer is shifted y HFS lterl lttie vetors in xE nd in yEdiretion @iFeF HFSDHFSA with respet to the lower lyerF foth doule lyer strutures hve slightly lrger lterl lttie vetors of IQFS # e¢IQFS # e getting loser to qsh nding nd seprtion etween vu 2 moleules of QFQ # e whih is inEline with the nding of QFPS # e mesured y stndrd h @ee upporting snformtionAF por the doule lyerD the omputed dsorption potentil sn is shown in pigFS @fAF st hs severl lol minim nd one mximl potentil height of QHH me per moleuleF por the elipsed seD tht is the minimum of the potentil surfeD the dsorption energy of one vu 2 monolyer onto the other is omputed to e EIFQS e per moleule nd its formE tion energy is EPFIP e per moleule whih equls the sum of monolyer formtion energy @EHFUU eA nd dsorption energy of two monolyers on eh other @EIFQS eAF por the shifted strutureD the intertion is wekerX the dsorption energy is EIFHU e nd the formtion energy is EIFVR eF foth formtion energy nd hnges in eletroni struture hint tht the mono nd the doule lyer of vu 2 re governed y vd foresF hese lultions re performed for prtiE ulr orienttion of the moleules in the two lyers with respet to eh otherD nd result in exellent greement with the experimentl ndingD providing n insight into the generl mehnism in the formtion of the intertion etween mono nd doule lyer of vu 2 F hnks to w nd hp lultionD lol rrngement of the moleules in the lyer IV nd in doule lyer n e unveiled X { vu 2 moleules selfEorgnize in squre lttie forming domins in whih moleules re ipped resulting in the sme squre lttie nd rrngement nd governed y vd foresF { in the self ssemlyD the two plteus re rotted y QU degrees with respet to eh other whih is n intrinsi result of the monolyer formtionF { doule lyers re often oserved in whih the entrl ions re superimposed in elipsed ongurtion with lignd plteu perpendiulr to the stking diretionF Conclusion he selfEssemling of vu 2 moleules on eu@IIIA surfe t room temperture is unveiled s result of omined study using dirtionD snning tunneling mirosopy nd density funtionl theoryF qsh reveled tht the herringone reonstrution of gold pertins upon the dsorption of the moleulesD ut enouters relxtion of out RFS 7D ttriuted to smll hrge trnsfer from the gold sustrte to the moleulesF sn the multilyerD the moleules selfEorgnize in perfetly squred inEplne lttie of IQ:T ¦ H:P # e orresponding to new qudrti struturl phse for douleEdeker phthloynineF w mesurements supE ported y hp lultions dislose how the lignd plteus re mutully rrnged within the Ph pking X rottion of QU of the two plteus is unmiguously evidenedF woreoverD unique hp lultions rried out on selfEssemled douleElyer onrm tht elipsed onE gurtion is stilized for Qh pking in whih moleules pile up in the upper lyer dopting the identil ongurtion thn in the lower oneF houleEdeker phthloynines pper s idel ndidtes to investigte the design of wekly intertive selfEssemlies on to loseEpked surfesD inluding superonduting onesD pving the route to the development of sophistited logi memoriesF IW @PA hrovskikhD eF xFY sytsenkoD eF uFY prnkkmenetskyD yF FY pundmenskyD F FY wosklevD F xF xeodymium hiphthloynine olymorphism E the woleulr nd grystlEstruture of the EphseF Kristallograya 1984D 29D RSS{RTIF @QA rrD FY fouvetD wFY frunetD tFY odr guezEw endezD wF vFY de jD tF eF yn the iet of emmoni nd et etmospheres on the gonduting roperties of hierent vutetium fisphthloynine hin pilmsF Thin Solid Films 2008D 516D WHIPF PH @RA fogniD vFY ernsdorferD F woleulr pintronis using ingleEwoleule wgnetsF Nat. Mater. 2008D 7D IUWF @SA grretteD vFY priedrihD uF eFY timmingD F puel gellsX riniplesD ypesD puelsD nd epplitionsF Chem. Phys. Chem. 2000D 1D ITPF @TA helkktD wFY hmitzD gFY hmidtD rFEF pully porEheposited hinEvyer itE nium hioxide olr gellsF Adv. Mater. 2002D 14D SUUF @UA guinottD qFY ogginiD vFY edriniD eFY fertniD pFY gristiniD xFY orelliD wFY qrziosiD FY gimttiD sFY gortiginiD fFY yteroD iF et lF uning of ertil pin lve with wonolyer of ingle woleule wgnetsF Adv. Funct. Mater. 2017D 27D IUHQTHHF @VA rirokD FY winmitniD iFY erfuneD FY sukhrD xFY tneD FY uwiD wFY kgiD xF ingleEwoleule untum hot s uondo imultorF Nat. Commun. 2017D 8D ITHIPF @WA reinrihD fF FY ihlertD gFY rtterD xFY frunD vFY votzeD gFY lfrnkD FY prnkeD uF tF gontrol of yxidtion nd pin tte in ingleEwoleule tuntionF ACS Nano 2018D 12D QIUP{QIUUD wshX PWRVWQQHF @IHA worenoEinedD iFY qodfrinD gFY flestroD pFY ernsdorferD FY uenD wF woleulr pin udits for untum elgorithmsF Chem. Soc. Rev. 2018D 47D SHI{SIQF @IIA frlowD hFY udieroD vFY rippsD uF nning unneling wirosopy of ID PD nd Q vyers of iletrotive gompoundsF Ultramicroscopy 2003D 97D RUF @IPA kdD wFY dD rF vow emperture nning unneling wirosopy of hthloE ynine wultilyers on eu@IIIA urfesF Chemical Physics Letters 2004D 392D PTSF @IQA ghengD F rFY qoD vFY hengD F FY viuD FY tingD xFY vinD FY reD F fFY huD F FY PI qoD rFEtF ipitxil qrowth of sron hthloynine t the snitil tge on eu@IIIA urfeF J. Phys. Chem. C 2007D 111D PTSTF @IRA vuD FY rippsD uF F nning unneling wirosopy of wetl hthloyninesX d@TA nd d@VA gsesF J. Phys. Chem. B 1997D 101D SQWIF @ISA prrontoD wFY vderD tFY vongoD hFY gruguelD rFY fouvetD wFY frenD fFY itkowskiD xF righ olerne of houleEheker hthloynine owrds woleulr yxygenF J. Phys. Chem. C 2018D @ITA fidermneD sFY vuderD tFY ehmdiD FY qrzioliD gFY fouvetD wFY frenD fFY wrtensE sonD xFY ugliD gFY itkowskiD xF hen the qrfting of houle heker hthloynines on i@IHHAEP x I rtly eets the woleulr iletroni trutureF J. Phys. Chem. C 2016D 120D IRPUH{IRPUTF
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