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S1. Details of the calculation

All density functional theory (DFT) calculations were parhed with Turbomole 6.2 modified
with the Grimme D352 dispersion energy correction. The SVP Ahlrichs basisSSednd the
gradient-corrected correlation functional of Perdew, ®uand Ernzerhof (PBEJ* were used.
A D3g symmetric gold cluster consisting of 170 gold atoms (ECPv&&3 used as the substrate
(Fig. Sl1a). Calculations including plane wave methods aribgdic boundary conditions are ex-
pensive as the lateral distance between two neighboring TAdlecules is more than 10 A. Fur-
ther, the adsorption of a molecule on each extended Au(Bte} feads to cancellation of induced

dipole errors because of the inher€htsymmetry, and saves computational costs because of the
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higher symmetry of the system as shown in a previous Wérkhe herring bone reconstruction is
neglected in the calculation since it does not significaatigct the TATA island grow as observed
in STM images.

After optimizing the gold cluster geometry the gold atom rcheates were fixed and &-
propyl-TATA molecule was optimized on top of the (111) surface & ¢jold cluster. Calculations
on adsorbedri-octyl-TATA were not feasible because of its size. After the optemion of tri-
propyl-TATA an all anti pentylchains was attached and optimized at the PBE/SV(P) level of
density functional theory. The gold cluster model was erygdbfor both single molecules in the

gas phase and on the surface at the same level of theory.

Figure S1: (a) The Au cluster wittri-propyl-TATA as used in the calculations. (b) Calculated
structure of gas phagss-propyl-TATA.

The adsorption energy of molecules at different surfaesgiEig. S2) was calculated with a
methyl group attached to the nitrogen atoms instead of ayl otin. As extracted from STM
images and mass spectra, theoctyl-TATA ion adsorbs on the Au(111) without tetrafluoroborate
which is the counter ion in solution. The bulk gold acts aswanter ion for thetri-octyl-TATA ion.
Therefore, any influence of the counter ion is neglected ircalculations. The obtained energetic
levels of the gold atom orbitals are close enough to eaclr dtla¢ our discrete molecular orbital

model cluster is acting almost like bulk gold.
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Figure S2: Adsorption energies ofethyFTATA with nitrogen atoms adsorbed at different sites.
Inset shows the possible binding sites of nitrogen atomswii Al).

The calculated adsorption energies should be at the uppérdue to two following com-
putational limitations. First, a Basis Set SuperpositioroE(BSSE) that is expected from an
incomplete basis set such as the SVP Ahlrichs base. It whsitadly not feasible to perform a
BSSE correction for the model system. Further, the Grimmedi3fersion correction is known
to overestimate the dispersion energies and might be ancdiuse for an overestimation of the
binding energies’? Nevertheless, a comparison of binding energy betweerreiffesurface sites
within the model is qualitatively correct.

The geometrical arrangement of three nitrogen atoms of TégdiAcides with Au(111) lattice
SO as to consider surface sites with all nitrogen atoms adsloait top, fcc, hcp and bridge sites
(Fig. S2). While the adsorption energies of TATA for the facp, and bridge sites are comparable,
the adsorption at the top site is weakery5 kcal molt. TATA molecules are preferably ad-
sorbed on either hcp, fcc, or bridge sites. The energy eiffee between these sites are within the
error margin of the used method. Therefore, the exact binsiite cannot be determined but the
calculated adsorption energies strongly suggest a neatdinal binding mode dominated mainly
by dispersive interactions. In addition the calculatiomseal that the TATA ion is aligned with its

axis (dashed line in Fig. 1c) along the compact directiorsugiL11) as observed in the experiment

(see Fig. 1f).
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CIV = 0.06 )

Figure S3: ACID plot of the TATA cation with methyl side chaiat an isosurface value of 0.03
without (left) and with (right) depicted current densitycters. The external magnetic field vector
is applied orthogonal to the molecular plane pointing talsahe viewer.

Further, the anisotropy of the induced current density CP° of the TATA cation with
methyl side chains was calculated (Fig. S3). Onbprbitals were included to investigate the
rr-electron delocalization of the TATA molecule. The isosgd plot predicts a distinctive delocal-
ization of therr system. The current density vectors, which are depicteti®isbsurface, exhibit a
diamagnetic (clockwise) ring current along the periphbaalds. Moreover, the critical isosurface
value (CIV) is very high throughout the whole molecule. THelB plot of the TATA cation leads
to the conclusion that the lone pairs of the nitrogen atorespart of the aromatic system and,
therefore, are not likely to form covalent bonds with thenagoof the gold surface. As a result, the
adsorption of the TATA molecule on the substrate is mainlgeoaon a dispersive interaction in

agreement with the calculated adsorption geometries.
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S2. Proposed adsorption geometry of TATA on Au(111)

Figure S4: (a) STM topograph (100 mV, 100 pA) of the hexagpaétiern oftri-octyl-TATA. The
overlaid molecules show their relative orientation wittiie pattern. A white hexagonal grid de-
picts the Au(111) lattice. The distance between the nim@jems of TATA (4.86 A) fairly matches
with the Au(111) lattice constant along the <112> directidimus they adsorb at equivalent po-
sitions. (b) Proposed adsorption geometrytrobctyl-TATA on Au(111) based on experimental
findings and with the nitrogen atoms kept at the bridge sitdsch have the lowest adsorption
energy according to Fig. S2.
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S3. Ratio ofC3 symmetric molecules in an island for Au(111)
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Figure S5: Ratio o€3 symmetric molecules to the total number of molecules imigécon Au(111)
vs island size extracted from various islands.

S4. Estimation of the flipping rate of octyl groups

The flipping process is considered to consist of two eneapthg processes: A desorption of the
octyl group and a rotation process along)cCs). According to Fig. 1e only five out of eight
carbon atoms are attached to the surface. Hence, the desapergy may be compared to that of
a pentane. In Ref. S7 desorption energies for differentdgatbons on Au(111) are determined
where 40.5 kJ/mol and 55.9 kJ/mol are obtained for butanénarane, respectively. As an explicit
desorption energy for pentane is not given, we use that @neudr hexane. The energy for a S-
gaucheto R-gauchetransition via the totally eclipsed conformation for theample of a butane
chain is Eqot = 17.2 kd/molS8) used for the rotational barrier betweepSC3). The flipping rate

f can be described by an Arrhenius law as:

f=v exp[—%} 1)

S6



wherekg is the Boltzmann’s constant, the temperature, and the pre-exponential factor which
can be expected to be in the rangé®@ v < 10 according to previous work¥¥-512Thijs yields
flipping rates foroctyl chain at room temperature 6f~ 800 to 18 s~1 with desorption energy of
butane and ~ 2 to 1¢ s~ with desorption energy of hexane. Therefore suggestirtglthping

does occur at room temperature tarty/ chain.

References

(S1) TURBOMOLE V6.2 2010, a development of University of Isanhe and Forschungszen-
trum Karlsruhe GmbH,. TURBOMOLE GmbH, since 2007; avaiabfrom
http://www.turbomole.com., 1989-2007.

(S2) Grimme, S.; Anthony, J.; Ehrlich, S.; Krieg, H.Chem. Phy201Q 132, 154104.
(S3) Sierka, M.; Hogekamp, A.; Ahlrichs, R. Chem. Phys2003 118 9136.
(S4) Perdew, J. P.; Burke, K.; Ernzerhof, Rhys. Rev. Lettl996 77, 3865.

(S5) Jung, U.; Schiitt, C.; Filinova, O.; Kubitschke, J.; ¢, R.; Magnussen, Q.Phys. Chem.
C 2012 116 25943.

(S6) Geuenich, D.; Hess, K.; Kdhler, F.; Herges(Rem. Re\2005 105 3758.

(S7) Wetterer, S. M.; Lavrich, D. J.; Cummings, T.; Bernasgel_.; Scoles, GJ. Phys. Chem. B
199§ 102, 9266.

(S8) Wade, L. GOrganic ChemistryPrentice-Hall, Inc., 1999.

(S9) Muller, T.; Flynn, G. W.; Mathauser, A. T.; Teplyakov, ¥X Langmuir2003 19, 2812.
(S10) Zhdanov, V. P.; Padék, J.; Knor, ZCatal. Rev. Sci. End.988 30, 501.
(S11) Zhdanov, VSurf. Sci. Repl991, 12, 185.

(S12) Baetzold, R.; Somorjai, Q. Catal.1976 45, 94.

S7



S5. Complete list of Publications that are shortened to the ifst author name

followed by “et al.” in the manuscript

(1) Wade, L. G. Organic Chemistry; Prentice-Hall, 1999

(2) Bartell, L. S.; Kohl, D. AJ. Chem. Phys1963 39 3097.

(3) Knippenberg, S.; Huang, Y. R.; Hajgato, B.; Francois?.JDeng, J. KJ. Chem. Phys2007,
127, 174306.

(4) Lattschwager, N. O. B.; Wassermann, T. N.; Mata, R. Ahi8M. A. Angew. Chem.2013
125 482.

(5) (a) Charra, F.; Cousty, Phys. Rev. Lett1998 80, 1682. (b) Qiu, X.; Wang, C.; Zeng, Q.;
Xu, B.; Yin, S.; Wang, H.; Xu, S.; Bai, Cl. Am. Chem. So0c200Q 122 5550. (c) Schuurmans,
N.; Uji-i, H.; Mamdouh, W.; Schryver, F. C. D.; Feringa, B, lvan Esch, J.; Feyter, S. . Am.
Chem. Soc.2004 126 13884. (d) Nath, K. G.; lvasenko, O.; Miwa, J. A.; Dang, Hu&8t, J.
D.; Nanci, A.; Perepichka, D. F.; Rosei, . Am. Chem. Soc2006 128 4212. (e) Tahara, K.;
Furukawa, S.; Uji-i, H.; Uchino, T.; Ichikawa, T.; Zhang, Mamdouh, W.; Sonoda, M.; Schryver,
F. C. D.; Feyter, S. D.; Tobe, Y. Am. Chem. Soc2006 128 16613. (f) Bléger, D.; Kreher, D.;
Mathevet, F.; Attias, A.-J.; Schull, G.; Huard, A.; Douiltg L.; Fiorini-Debuischert, C.; Charra,
F. Angew. Chem2007, 119 7548. (g) Miyake, K.; Hori, Y.; Ikeda, T.; Asakawa, M.; Shiu, T.;
Sasaki, SLangmuir2008 24, 4708. (h) Lei, S.; Surin, M.; Tahara, K.; Adisoejoso, J.ztaroni,
R.; Tobe, Y.; Feyter, S. DNano Lett. 20088, 2541. (i) Arrigoni, C.; Schull, G.; Bléger, D.;
Douillard, L.; Fiorini-Debuisschert, C.; Mathevet, F.;éer, D.; Attias, A.-J.; Charra, B. Phys.
Chem. Lett.201Q 1, 190.

(6) (a) Rabe, J. P.; Buchholz, Sciencel99], 253 424. (b) Hentschke, R.; Schirmann, B. L.;
Rabe, J. PJ. Chem. Phys1992 96, 6213. (c) Watel, G.; Thibaudau, F.; CoustySurf. Sci.
1993 281, L297. (d) Marchenko, A.; Xie, Z. X.; Cousty, J.; Van, L.&urf. Interface Anal200Q
30, 167. (e) Xie, Z.; Xu, X.; Tang, J.; Mao, B2Chem. Phys. Let200Q 323 209.

(7) Yamamoto, M.; Sakurai, Y.; Hosoi, Y.; Ishii, H.; KajikayK.; Ouchi, Y.; Seki, KJ. Phys.
Chem. B200Q 104, 7363.

S8



(8) Endo, O.; Furuta, T.; Ozaki, H.; Sonoyama, M.; MazakiJYPhys. Chem. BR006 110
13100.

(9) Inga, R.-R.; Zenonas, K.; Olegas, E.-L.; GediminasPHys. Chem. Chem. Phya01Q 12,
4564.

(10) Snyder, R. G.; Aljibury, A. L.; Strauss, H. L.; Casal, H; Gough, K. M.; Murphy, W. FJ.
Chem. Phys1984 81, 5352.

(11) Kanai, K.; Miyazaki, T.; Suzuki, H.; Inaba, M.; Ouchi,, '6eki, K.Phys. Chem. Chem. Phys.
2010 12 273.

(12) Guo, Z.; Cat, I. D.; Averbeke, B. V.; Lin, J.;Wang, G.; Xd.; Lazzaroni, R.; Beljonne, D.;
Meijer, E. W.; Schenning, A. P. H. J.; Feyter, S.DAmM. Chem. So011, 133 17764.

(13) (a) Yamada, R.; Uosaki, KI. Phys. Chem. R00Q 104, 6021. (b) Zhang, H.-M.; Xie, Z.-X.;
Mao, B.-W.; Xu, X.Chem. —Eur. J2004 10, 1415. (c) Yang, T.; Berber, S.; Liu, J.-F.;Miller, G.
P.; Tomének, DJ. Chem. Phys2008 128 124709.

(14) Claypool, C. L.; Faglioni, F.; lll, W. A. G.; Gray, H. BLewis, N. S.; Marcus, R. Al. Phys.
Chem. B1997 101, 5978.

(15) Zhang, H.-M.; Yan, J.-W.; Xie, Z.-X.; Mao, B.-W.; Xu, XChem. Eur. J2006 12, 4006.

(16) Cyr, D. M.; Venkataraman, B.; Flynn, G. W.; drew Black,, AVhitesides, G. MJ. Phys.
Chem.1996 100 13747.

(17) (a) Poirier, G. E.; Tarlov, M. L.angmuir1994 10, 2853. (b) Delamarche, E.; Michel, B.;
Biebuyck, H. A.; Gerber, CAdv. Mater.1996 8, 719. (c) Kondoh, H.; Kodama, C.; Sumida, H.;
Nozoyec, HJ. Chem. Phys1999 111, 1175.

(18) Baisch, B.; Raffa, D.; Jung, U.; Magnussen, O. M.; NasoIC.; Lacour, J.; Kubitschke, J.;
Herges, RJ. Am. Chem. So2009 131, 442.

(19) Florio, G. M.; Werblowsky, T. L.; llan, B.; Miller, T.; &ne, B. J.; Flynn, G. WJ. Phys.
Chem. C2008 112 18067.

(20) (a) Hamann, C.; Woltmann, R.; Hong, |.-P.; Hauptmann Kéran, S.; Berndt, RRev. Sci.
Instrum.2011, 82, 033903. (b) Hauptmann, N.; Hamann, C.; Tang, H.; Berndd, Rhys. Chem.

S9



C 2013 117,9734.

(21) Kubitschke, J.; Nather, C.; Herges,Rur. J. Org. Chem201Q 201Q 5041.

(22) Weigelt, S.; Schnadt, J.; Tuxen, A. K.; Masini, F.; BagiC.; Busse, C.; Isvoranu, C.;
Ataman, E.; Laeegsgaard, E.; Besenbacher, F.; Linderoth, J./&n. Chem. So2008 130, 5388.
(23) (a) Kuhn, S.; Baisch, B.; Jung, U.; Johannsen, T.; Kaahike, J.; Herges, R.; Magnussen, O.
Phys. Chem. Chem. Phy201Q 12, 4481. (b) Jung, U.; Kuhn, S.; Cornelissen, U.; Tuczek, F.;
Strunskus, T.; Zaporojtchenko, V.; Kubitschke, J.; HergkesMagnussen, Q.angmuir2011, 27,
5899. (c) Jung, U.; Schitt, C.; Filinova, O.; Kubitschke,Herges, R.; Magnussen, Q. Phys.
Chem. C2012 116, 25943.

(24) Sierka, M.; Hogekamp, A.; Ahlrichs, R. Chem. Phys2003 118 9136.

(25) Grimme, S.; Anthony, J.; Ehrlich, S.; Krieg, Bl.Chem. Phys201Q 132 154104.

(26) TURBOMOLE V6.2 2010, a development of University of Kauhe and Forschungszentrum
Karlsruhe GmbH, 1989-2007. TURBOMOLE GmbH, since 2007 :Hitvww.turbomole.com.

(27) (a) Mdller, T.; Flynn, G. W.; Mathauser, A. T.; Teplyakd\. V. Langmuir2003 19, 2812.
(b) Yin, S.; Wang, C.; Qiu, X.; Xu, B.; Bai, CSurf. Interface Anal2001, 32, 248.

(28) We introduce the terms "paramers” (para, ancient Gre®k to, along) and "perimers” (peri,
ancient Greek: around) to adapt the concept of isomers tafaceuenvironment. An adsorbed
molecule and a crystalline surface form a complex whosetgwoup may be a subgroup of that
of the molecule’® Paramers are isomers that emerge from the symmetry redwdtiomolecule if
the symmetry of a surface is included. Perimers are isorhatemerge from paramers if further
symmetry reduction is considered that arises from neigigarmolecules.

(29) Ernst, K.-H.Phys. Status Solidi B012 249, 2057.

(30) (a) Béhringer, M.; Morgenstern, K.; Schneider, W.-Berndt, R.; Mauri, F.; Vita, A. D.;
Car, R.Phys. Rev. Lett1999 83, 324. (b) Bohringer, M.; Morgenstern, K.; Schneider, W;-D.
Berndt, R Angew. Chem. Int. EAL999 38, 821. (c) Bohringer, M.; Schneider, W.-D.; Berndt, R.
Angew. Chem. Int. EAR0O0Q 39, 792. (d) Kuntze, J.; Ge, X.; Berndt, Ranotechnologp004
15, S337. (e) Richardson, N. Wew J. Phys.2007, 9, 395. (f) Jiang, N.; Wang, Y.; Liu, Q.;

S10



Zhang, Y.; Deng, Z.; Ernst, K.-H.; Gao, H.Bhys. Chem. Chem. Phy201Q 12, 1318. (Qg)
Mugarza, A.; Lorente, N.; Ordejon, P.; Krull, C.; Stepan&u, Bocquet, M.-L.; Fraxedas, J.; Ce-
ballos, G.; Gambardella, Phys. Rev. Let201Q 105 115702. (h) Gopakumar, T. G.; Matino, F.;
Schwager, B.; Bannwarth, A.; Tuczek, F.; Kroger, J.; BerndtJ. Phys. Chem. @01Q 114
18247. (i) Humblot, V.; Lorenzo, M. O.; Baddeley, C. J.; H&j, Raval, RJ. Am. Chem. Soc.
2004 126, 6460. (j) Messina, P.; Dmitriev, A.; Lin, N.; Spillmann, ;HAbel, M.; Barth, J. V,;
Kern, K.J. Am. Chem. So2002 124, 14000.

(31) Wetterer, S. M.; Lavrich, D. J.; Cummings, T.; BerngsekL.; Scoles, GJ. Phys. Chem. B
1998 102, 9266.

(32) At present the reason for this difference is not cleahe ferringbone reconstruction of
Au(111), which does not occur on Ag(111), was observed tsigmnderneath molecular islands.
However, it does not significantly affect the growth direas of the islands, and thus appears to
be unimportant here. Other differences between Ag andeAg, the small difference in lattice
constants or the different surface state energies may béveu.

(33) Siegwarth, J.; Bornhoft, J.; Nather, C.; HergesORy. Lett.2009 11, 3450.

(34) Ernst, K.-H.Orig. Life Evol. Biosph201Q 40, 41.

(35) Weigelt, S.; Busse, C.; Petersen, L.; Rauls, E.; HamBeGothelf, K. V.; Besenbacher, F,;
Linderoth, T. R.Nat. Mater.2006 5, 112.

(36) Mason, S. Ant. Rev. Phys. Cheni983 3, 217.

(37) (8) Hwang, Y. J.; Kim, A.; Hwang, E.; Kim, S. Am. Chem. Soc2005 127, 5016. (b)
Lopinski, G. P.; Moffatt, D. J.; Wayner, D. D. M.; Wolkow, R..ANature 1998 392 909. (c)
Kahr, B.; Freudenthal, J. KChirality 2008 20, 973. (d) Zepik, HScience002 295 1266

(38) Nichols, H.; Hexter, R. MJ. Chem. Phys198], 75, 3126

S11



