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Sample Preparation

A bilayer of MgO(100) was grown on Ag(100)
following the recipe from Pal et al.*! (cf. Ref.
S2 for details). A (v/2 x 21/2)R45°-20 Cu(100)
missing-row reconstruction was prepared by ex-
posing the Cu(100) surface to 750 L of Oy at
the temperature of 500 K®*®% and confirmed by
the appearance of % superstructure reflexes in
the low-energy electron diffraction (LEED) pat-
tern. Subsequently, a submonolayer of PTCDA
was deposited from a pre-calibrated evaporator
in ultra-high vacuum conditions onto the two
surfaces mentioned above which were kept at
room temperature.

Photoemission Experiments

The photoemission experiments were carried
out using a toroidal electron analyzer®® (pho-
ton energy hv = 21eV, angle of incidence o =
40°) at the BESSY II storage ring, Helmholtz-
Zentrum Berlin (HZB), Germany. This type
of electron analyzer detects photoemission at
polar angles between —85° and 85° simultane-
ously in the plane of incidence. The energy
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distribution curves were generated from mea-
sured E(kj;) band maps along chosen azimuths
where maxima or minima of molecular orbitals
are expected by integrating the photoemission
intensity in a k| range from 1.1 A 1o 1.8A7"
as shown in Fig. 1c,e in the main text.

Normal Incidence X-ray

Standing Wave Experiments

The NIXSW experiments were performed at
the beamline 109 of the Diamond Light Source,
Didcot, UK. Photoelectron yield data were fit-
ted with the program TORRICELLIL ™" The yield
signal was integrated over the acceptance an-
gle of analyzer. Angle-dependent non-dipolar
correction parameters®® =10 were calculated for
a weighted average of the detection angles
(74.8°). The energy of the (200) Bragg reflec-
tion in the experimental geometry with a 3.5°
tilt angle against normal incidence was 3436 eV.
Coherent positions P, carries information about
the height of the corresponding atoms above
the crystal Bragg planes, while coherent frac-
tions F specifies their vertical scatter. Coher-
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Table S1: Coherent positions P, and coherent
fractions F, from the NIXSW analysis and ad-
sorption heights d of different chemical species
with respect to the topmost copper layer. The
adsorption height d with respect to the Bragg
plane is given by (n + P.)dsg where n = 0 for
Ogurf, 7 = 1 for O,y, Cq, and Cozy, n = 2 for
Ocarb-

P, F, d(A)
O/Cu(100)
Ogut  0.180(4) 1.16(7) 0.19(1)
PTCDA/O/Cu(100)
Oguf  0.18(1)  1.13(3) 0.18(1)
Ocary 0.01(1)  0.41(1) 3.49(2)
O.n  0.96(1)  0.52(2) 3.41(2)
C;  0.92(2) 0.73(8) 3.33(2)
Cozs  0.927(3) 0.79(1) 3.342(5)

ent positions and coherent fractions, averaged

over three data sets, are given in

Density Functional Theory
Calculations

Two types of calculations within the frame-
work of DFT were performed: (1) for the gas-
phase PTCDA molecule the ABINIT code®!
was used. The simulated momentum maps
of the gas-phase molecule were obtained as
the Fourier transforms of the respective Kohn—
Sham orbitals.®? (2) for PTCDA monolayers
adsorbed on the oxygen-reconstructed Cu(100)
as well as on the bare Cu(100) surface, the
VASP code™ 514 was used.

A repeated slab calculation was performed,
where the metallic substrate was modeled by
five metallic layers and a vacuum layer of ~15 A
was added between the slabs. To avoid spu-
rious electrical fields, a dipole layer was in-
serted in the vacuum region.® In both cases
the exchange-correlation effects have been cal-
culated with the generalized gradient approxi-
mation (GGA).>% We used a Monkhorst—Pack
3 x 3 x 1 grid of k-points®” and the projector
augmented wave approach,5¥ allowing a rela-
tively low kinetic-energy cutoff of ~500eV.
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The super cell geometry has been constructed
according to the experimental LEED structure
of the PTCDA/Cu(100) interface.® On both
surfaces, the adsorption height has been fixed to
the experimentally obtained value of PTCDA
on the oxygen-reconstructed Cu(100) surface
(3.34A). The vdW-surf method according to
Tkatchenko et al.52052l was applied to account
for van der Waals interactions.
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