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2.  STM images of phenanthroline obtained under electrochemical potential control 
This section provides further STM images of the bare gold surface and the phenanthroline 

monolayers formed on it.  The images were taken over a 10 hour period, with the images presented 
in Figure 2 being obtained towards the end of this period.  The drift of the STM tip reduced 
continually during this period as the instrument stability increases.  Figure S1 shows two successive 

scans of the bare surface, each scan imaged in the opposite direction: the gold (√3 ×22) R30° 
reconstruction is readily identified in these images, and the image drift, even at this early stage of 
experimentation is clearly identified.  The observed spacing between the reconstruction lines is used 
to calibrate the instrument.  Soon after addition of the phenanthroline into solution, monolayers 
appeared on the surface as short chains of stacked phenanthrolines whose structure evolved rapidly 
with time as shown in Figure S2.  However, the long-range order increased gradually, with typical 
long-time configurations displayed in Fig. 4.  Occasionally, extended regions of high order are seen 

such as those displayed in Fig. S3.  High resolution images indicate a surface coverage of 2.5±0.1 

molecules nm-2 as expected for a (4 × 4) lattice.  The images shown in Figure S3 were obtained 
using feedback conditions (I = 5.0 and P = 5.0) typical of constant-height STM scanning, but do not 
achieve sum-the molecular resolution needed to identify the molecular orientation.  To obtain the 
resolution required for this identification, the feedback was reduced (I = 0.6 and P = 1.0).  Although 
this reduction results in contamination of the otherwise pure differential current-deviation image, 
the resolution of increased sufficient to observe the molecular plane and hence allow the full 
characterization of the structures given in Table 1. 
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Figure S1:  Two successive current images of the bare Au(111) surface, scanned in 
alternate directions, obtained in constant-current scanning mode at a set-point current 

It=0.15 nA, nA, Vbias = -0.1 V and Ew= -0.6 V vs. SCE. 
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Precise definitions of the quantities used in performing the in situ STM experiments are: 
1. Vbias = difference in potential between the tip and the working electrode. 
2. It is set-point tunnelling current from tip to substrate (in these experiments, the substrate is also 
the working electrode). 
3. Ew is the difference in potential between the working electrode and the reference electrode. It is 
corrected to be vs SCE. 
4. Et is the difference in potential between the tip and the reference electrode. 
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Figure S2:  Three successive current images of phenanthroline on Au(111) surface during the 
early stages of monolayer formation, scanned in alternate directions, obtained in constant-current 

scanning mode at a set-point current of It = 0.60 nA, Vbias=-0.55 V and Ew = 0.03 V vs. SCE. 
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Figure S3:  Two successive current images of phenanthroline on gold(111) surface, scanned in 
alternate directions, obtained in constant-current scanning mode It = 0.85 nA, Vbias = -0.607 V 

and Ew = 0.08 V vs. SCE. 



 5

Three images of the monolayer formed in situ are 
shown in Fig. S4.  The upper of these images is that 
shown in Fig. 2 while the following images show 
regions of the surface that overlap in the vertical 
direction. The blue lines show the boundaries 
between different regions on the surface, while the 
number of PHEN molecules per chain in each region 
(in order 9, 3, 6, 3, 6, 3, 3) is indicated. 
 
 

9

3

9

3

6

3

3

3

6

3

Figure S4: Scans of overlapping regions 
of PHEN on Au(111). Imaged in aqueous 
0.05 M KClO4;  tip bias = -0.60 V (vs. the 

Au(111) substrate), set-point current = 
0.85 nA (maximum deviation ± 10%), and 

sample potential = 0.08 V vs. SCE. 
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3.  Reductive desorption of the PHEN monolayer 
 

The results of reductive desorption experiments performed for PHEN on a gold electrode in 
0.1M KClO4/water solution are described in Fig. S5.  The monolayer was formed by exposing the 
electrode to a solution of 0.36 mM PHEN in water at pH 6.5.  This was then washed with water to 
remove excess PHEN. Figure S6 shows two cyclic voltammograms taken with a time interval of 1 
minute, each consisting of four cyclic sweeps of the potential.  For each scan the scan rate was 5000 
mV s-1.  The first scan commenced at point A on Fig. 6 and reveals the reductive desorption of the 
PHEN monolayer at point B, -1.15 V.  Subsequent cycles of this scan reveal no further reductive 
desorption current.  After standing, the cycles were continued from point D, showing a small 
change E in the signal at –1.15 V.  This first cycle was used as a baseline for the reductive 
desorption shown at point B, and the differences between the first cycles of the two scans, followed 
by linear baseline correction, is displayed in Fig. 3 and used to determine the monolayer coverage. 

 

Figure S5: Reductive desorption cyclic voltammetry of PHEN from a gold electrode in 0.1M KClO4/water 
solution showing 2 scans one minute apart each of 4 cycles  The scans start at points A (first scan) and D 
(second scan), the PHEN layer is removed at stage B. 
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3.  Oxidation of gold surfaces containing PHEN monolayers 
 

The stability of a gold electrode in presence of 1,10-phenanthroline was tested by 
performing a series of electrochemical experiments where the switch potential, Eë, was 
gradually shifted further and further into the anodic potential range.  1,10-phenantrhroline 
has the ability of stabilizing oxidized gold atoms and thereby lower the potential needed 
for gold oxidation. From Fig. S6 it can however be seen that no current flow i.e. no 
oxidation of gold is observed as long as the applied potential do not exceed ca. 0.9V.    
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Figure S6:  Cyclic voltammograms depicting the response of a gold electrode subjected 
to a 1,10-phenanthroline/0.1M KClO4

-1, switch 
potentials, Eë,  0.7 V (top), 1.0 V (middle), and 1.3 V (bottom). 


