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EXPERIMENTAL METHODS

Experiments were carried out in a home-built ultra-high vacuum (UHV) cryogenic (closed-cycle
cryostat-based) STM system incorporating a STM scanner from RHK Technology.* A
Au(111)/mica substrate was prepared in situ by using multiple sputter/anneal cycles. 3,3"'-
Didodecyl 2,2":5',2":5",2"" —quaterthiophene (DDQT) molecules were prepared by Briseno et
al.2 DDQT molecules were deposited at ultra-high vacuum via in situ sublimation on to a clean
Au surface. Scale was determined by atomic resolution of Au(111) lattice.

SCANNING TUNNELING SPECTROSCOPY

In constant-current mode, a scanning tunneling microscope (STM) can image the topography of
a sample by recording the changes in z-height necessary for maintaining a constant tunneling
current as the tip rasters across the surface of the sample. For scanning tunneling spectroscopy
(STS), the STM is used in constant-height mode, with the STM tip held in a constant position (X,
y, and z) while the applied bias is varied. In this work, STS measurements were carried out using
the lock-in technique, with a modulation frequency of 570 Hz. This allows for the direct
measurement of the differential conductance (d1/dV) of the sample at that spatial location, giving
a measurement of the local density of states.®
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Figure S1

Possible adsorption configurations for DDQT conformers in the main text. S atoms at Au top-
sites are highlighted by green circles. (a) cis-DDQT conformer with S atoms at Au top-sites as
observed in this letter along with other possible orientations with (b) both exterior S atoms at Au
top-sites and (c)-(g) one exterior and one interior S atom at Au top-sites. (h) trans-DDQT
conformer with exterior S atoms at Au top-sites as observed in this letter along with other
possible orientations with (i) both exterior S atoms at Au top-sites, (j) adjacent interior and
exterior S atom in Au top-sites (this is the only possibility for trans-DDQT having neighboring S
atoms located at Au top-sites), and (k) and (I) non-adjacent interior and exterior S atoms at Au
top-sites.
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Figure S2
Manipulation of cis-DDQT monomer and alkyl side chains with STM tip. After the initial

topography (a), the DDQT monomer rotated by 60° on the substrate (b). Subsequent STS
measurements of this cis-conformer resulted in the alkyl chains folding over themselves (c) and
the DDQT backbone (d)-(e). Topographies acquired at 1.0 V bias, 5.0 pA set point.

Figure S3
Examples of scission observed during STS at higher (~2.5-3.0 V) bias. Topographies (a) before

STS, and (b) after. This susceptibility of DDQTSs to scission limited the lifetime of individual
DDQT cis-conformers and inhibited detailed study of unoccupied states beyond the LUMO. In
addition to the scission of DDQT backbones, alkyl side chains could also dislocate from the
stable dimer position (b). STM topographies were acquired at 100 mV bias, 5.0 pA set point.
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Figure S4

Density Functional Theory gas-phase electronic structure calculations of (a) trans DDQT and (b)
cis DDQT. (c) and (d) LUMOs and their energies for trans and cis conformers, correspondingly.
(e) and (f) HOMOs and their energies for trans and cis conformers, correspondingly. The dipole
moment of the trans (cis) conformation is 0.06 Debye (2.32 Debye). Computations were
performed with Gaussian09* using B3LYP/6-31G* and visualized with Avogadro®.



HOMO-
DDQT LUMO Dipole
Conform- | HOMO LUMO Gap Moment
Functional ation (eV) (eV) (eV) (Debye)
i -4.95 -1.53 3.41
B3LYP cis 2.32
trans -4.94 -1.50 3.45 0.06
PBE cis -4.37 -2.06 2.31 2.46
trans -4.36 -2.03 2.34 0.06
PWO1 cis -4.40 -2.10 2.30 2.45
trans -4.39 -2.07 2.33 0.06

Table S1

Frontier orbital energies and dipole moments from DFT calculations using the B3YLP®’—a non-
local (hybrid) functional—and PBE® and PW91°—semi-local exchange-correlation functionals.
The calculated dipole moments of cis-DDQT (2.3-2.5 Debye) were significantly greater than that
of trans-DDQT (0.06 Debye), leading to the enhanced interaction of the cis-conformer with
image charges at the metal surface. In all three calculations, the cis-LUMO was found to be
higher (by ~30 meV) than the trans-LUMO. All DFT computations used the 6-31G* basis set.
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Figure S5

Registry of DDQT molecules with the underlying Au(111) surface as in Figure 2 of the main
text, with surface reconstruction ridges highlighted by white dashed lines delineating face-
centered-cubic (fcc) and hexagonal-close-packed (hcp) regions of the Au(111) surface (d)-(f).
(a)-(c) STM images of DDQT molecules on Au(111) substrate. DDQT molecules primarily
adsorbed in the fcc regions, with the quaterthiophene backbones aligned along one of three
(110) directions of the Au(111) surface, perpendicular to Au(111) surface reconstruction ridges
aligned primarily along the (112) directions, as shown in Figure 2 (main text). STM imaging
was carried out at bias voltages 0.1-1.0 V and tunneling currents 1-5 pA.
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Figure S6

Distributions of LUMO energies for 50 cis and 18 trans-conformers, as measured by STS.
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