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Surface morphology of DPTC on HOPG(0001) 

 
 

Figure S1. STM constant current image (V = 1.1 V, I = 0.17 nA) obtained 30 

for the monolayer DPTC covered HOPG(0001) surface at a temperature T 

= 77 K. Molecular motions are reduced in comparison to measurements at 

room temperature. In the latter case, no structural resolution is obtained. 

At T = 77 K, the STM image shows a monolayer with features of single 

molecules. 35 

Tunneling spectroscopy of DPTC on HOPG(0001) 

 
Figure S2. A set of single )(VI  traces obtained on the DPTC covered 

HOPG(0001) surface at T = 77 K. Each curve was recorded with the 

tunneling set point values
 

SPV  1.45 V and SPI  0.17 nA. The curves 40 

exemplify that a determination of the onset of the orbital mediated 

tunneling (OMT) is not possible without ambiguity. The measured 

HOMO-LUMO gap varies in a range of ± 0.2 eV around the mean value 

ΔESTS ≈ 2.3 eV. These variations are believed to originate from the 

disordered nature of the DPTC layer as well as from residual molecular 45 

motions even at T = 77°. 
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Figure S3. STM constant current topographic image of a DPTC 

monolayer on Au(111) at room temperature showing an ordered columnar 

structure.  65 
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Figure S4a. STM constant current topographic image of a DPTC 

monolayer on Au(111) at room temperature. Some bright spots of nearly 80 

identical size corresponding to single DPTC molecules adsorbed on the 

monolayer are observed. 
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Figure S4b. Line scan across one DPTC molecule showing an apparent 

diameter of approximately 1.7 nm. Assuming a disc-like shape, the 

apparent cross-section corresponds to 2.27 nm2. However, in STM 

measurements the diameter represents the molecular orbital distribution 

and not the “real” molecular size. 5 

X-ray photoelectron spectroscopy (XPS) data of 
the DPTC monolayer on Au(111) 

XPS measurements of the DPTC monolayer on Au(111) (see 

Figure S3) were carried out to gain insight into the molecule-

substrate interactions. The measurements were carried out on a 10 

XPS 5600 system (Physical Electronics, USA) with a Mg-kα X-

ray source (13 kV, 300 W). The pass energy of the analyzer was 

set to 11.75 eV. The binding energies were corrected using the 

Au(4f7/2) peak energy (84.0 eV) as an energy standard. 
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Figure S5. XPS core level spectrum in the S 2p region of a DPTC 

monolayer on Au(111). Each sulfur 2p component consists of a S 2p1/2 / S 

2p3/2 doublet with an intensity ratio of 1:2.1 Two S 2p3/2 peaks are 

observed at binding energies of 161.8 and 163.2 eV, respectively. The 20 

main peak at 163.2 eV corresponds to unbound sulfur atoms of the 

thioether groups of DPTC. The peak at 161.8 eV can be correlated to a 

smaller fraction of sulfur atoms of DPTC bound to the gold surface.2 

Thus, most likely some thioether groups of the DPTC molecules oriented 

in “edge-on” configuration from a linkage with the surface gold atoms. 25 

The fraction of the sample surface covered with the ordered columnar 

structure is only around 10% and the molecules in the disordered regions 

may have a different and varying number of S-Au bonds. Consequently, 

the intensity ratio of the 163.2 and 161.8 eV peak does not correlate 

directly to the number of S-Au bonds formed by a single “edge-on” 30 

DPTC within the columns.   

Fluorescence Correlation Spectroscopy  

The intensity correlation function was determined by cross 

correlating the signal originating from the same sample volume 

but detected in two detectors via a software correlator using a 35 

multiple tau algorithm.3 In this way the artificial contribution to 

the signal from detector after pulsing can be suppressed. A 1nM 

Rhodamine 6G (Rh6G, Aldrich) dimethylformamide (DMF) 

solution was used as reference for which the diffusion coefficient 

was determined to be 
DMF

Rh6GD = (4.20.2)10-10 m2/s at  T=20°C.  40 

DMF

Rh6GD  was derived using the relationship
2 2DMF H O H O DMF

D =D η η , 

where 
H O2

Rh6GD = (3.80.2)10-10 m2/s denotes the diffusion coeffi-

cient of Rh6G in water, 
2H Oη =1.003 Pas and 

DMFη = 0.9189 Pas 

are the viscosities of water and DMF, respectively.4 The 

reference measurement yields for the lateral focus dimension 45 

xyw  (26212) nm. The fit is insensitive to the vertical focus 

dimension and the measured correlation functions G(t) measured 

for Rh6G as well as for the DPTC solutions are sufficiently de-

scribed by the approximate relation, 
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where N  is the average number of labeled molecules in the 

focus, D their diffusion coefficient and t the lag time. For more 

details see Ref. (4) and (5). 55 

 The hydrodynamic radius hR  of the DPTC molecule can be 

derived from the measured diffusion coefficients using the 

Stokes-Einstein relation , 
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where 0D  is the diffusion coefficient in the limit of zero 

concentration, T is the temperature (here T= 20 °C), DMF = 

0.9189 Pas is the viscosity of DMF,  and Bk  is the Boltzmann 

constant. By averaging the diffusion coefficients measured for 65 

samples with different DPTC concentrations we obtain 

0 (3.2 0.2)D    m2/s, yielding hR  (0.72 ± 0.04) nm for the 

hydrodynamic radius. Note, that the error given for the values of 

0D  and hR  include systematic errors (around 6%) originating 

from measuring against a standard for the determination of the 70 

illumination profile which is assumed to be Gaussian. The 

standard deviation resulting from fitting the data are significantly 

smaller, 0 0.02D   m2/s and 0.006hR   nm, respectively.  
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