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Methods:

STM experiments

All STM images were acquired using an Agilent PicoLE system operating in constant-current
mode with the tip immersed in the supernatant liquid. STM tips were prepared by mechanical
cutting of Pt/Ir wire (80/20, diameter 0.25 mm). Several samples were investigated, and for each
sample, multipul locations were probed. The imaging parameters /s (tunnelling current) and Vpias
(substrate bias) are described in the figure captions. Voltage pulsing of around 3V was repetitively
applied until high-resolution images where black contours are visible. The substrate bias was
always kept negative, indicating a tunnelling current from the substrate to the STM tip. All DBA
derivatives used were synthesized using previously published synthesis protocols.!*3 The solvent,
1-phenyloctane (Sigma, 98%) was used without further purification. Concentrated (1 X 1072 M)
stock solutions of the achiral and chiral DBA derivatives were prepared by weighing the
appropriate amount of solid powders. The solutions for dynamics experiments were prepared by
mixing the stock solutions at a certain molar ratio and these were further diluted. Immediately
before use, the HOPG substrate (grade ZYB, Advanced Ceramics) was freshly cleaved using
adhesive tape. An open liquid cell (inner diameter = 3.1 mm) constructed of
polytetrafluoroethylene (PTFE) was used to hold ~40 pl of the desired solution on the HOPG
substrate (Supplementary Fig. 1).

copper heating stage

Figure S1. The experimental setup for all samples. (a) Liquid cell (b) Schematic showing an open
liquid cell arrangement for experiments at the solution-solid interface. (c) Picture of the liquid cell
setup.



Molecular Dynamics

Molecular Dynamics simulations were performed in order to investigate the effect of a nearby tip-
like object on the self-assembled cDBA structure.

First, initial structures were generated using 8 cDBA-OC12(R)-OC13(S) molecules interdigitated
into a honeycomb structure. The method of the supramolecules* was used to obtain equilibrium
lattice parameters of the cDBA (a = 4.72 nm, gamma = 60). Then, a quasi-commensurate bilayer
graphene was added as well as a tip, placed 20 A away from the graphene surface, and 1065
molecules of phenyloctane (density = 0.84 g/ml) using packmol® forming a box of 9.37 X 8.36 x
6.20 nm?,

Initial structures with the tip at different heights (in 0.1 A intervals) were generated by tip
displacement and optimization followed by NVT equilibration (300 ps, 298 K), considered as
stabilization of the RMSD. These, as well as the production trajectories, were carried out using the
OPLS-AAS% 7 force field and the GROMACS? software package. The atomic positions of the tip
and the graphene were restrained in place by a harmonic potential.

From every tip-height starting point, production trajectories were obtained at 298 K temperature,
using the velocity-rescaling method.” A 2 ps timestep was used, facilitated by restraining the
carbon-hydrogen bonds with the Lincs algorithm.!® The particle-mesh Ewald method was used to
include long-range electrostatic interactions.!! Trajectory analysis was carried out with
GromacsWrapper.'2 Upon request, GROMACS topology files are available.

Probability estimation

In the experimental observation (Fig 2b,c) of spontaneous desorption/adsorption 7 cDBA
molecules either 1) did not desorb, or 2) after desorption have re-adsorbed in the same locations.
The proposed calculation is a rough estimation of the likelihood of “2)”, i.e. the probability to
observe 7 out of 39 cDBA molecules re-adsorbed in the same location. C;* = C(n,m) = n!/m!(n-
m)! is the number of possible m-combinations out of total n objects. Specifically: C7y is the number
of possible combinations of choosing 7 out of 39 chiral molecules. C;7y; is the number of possible
combinations of 32 chiral molecules re-adsorbing in different 1101 positions that were previously
occupied by achiral DBAs. C37,, is the total number of possible combinations of 39 chiral
molecules distributed within all 1140 adsorption cites after re-adsorption.

#of BC appear at the same location C# of BC apear at different location
#of BC #of achiral DBA

C# of BC
# of total adsorption sites

P(BC to BC) =

C7 . C32
P(7) = % =19 x10~*
1140
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Figure S2. Scanning induced desorption dynamics of cDBA-OC12(S). (a-q) Selected STM images
from a sequence obtained on the same area, recorded every 2 minutes, for 40 minutes with
continued scanning, taken at 26 °C. The monolayer was formed from a 1-phenyloctane solution of
DBA-OC12 containing 30 mol% cDBA-OC12-(S). a) is an original STM image without filtering.
The wavy background surface was purposely chosen as a guide to help minimize thermal draft
during scanning. For better visualization of the ‘black contour’ molecules, the background was
filtered out using the FFT filtering in WSxM. Image a2 is the FFT filtered image of image al.
L5e=0.2 nA, Viias=0.2 V.



Figure S3. Scanning induced desorption dynamics of cDBA-OC12(S) at higher current set point
(0.5 nA). (a-1) Full sequence of STM images obtained on the same area, recorded every 2 minutes,
for 16 minutes with continued scanning, taken at 26 °C. The monolayer was formed from a 1-
phenyloctane solution of DBA-OCI2 containing 30 mol% cDBA-OCI12(S). Black contour
molecular are highlighted by coloured circles. The blue coloured circles in (a) correspond to the
cDBA-OC12(S) that were observed in the first frame. A new color are applied to represent new
cDBA-OC12(S) that have replaced DBA-OCI12. It can be seen that in 4 mins all the original
presented cDBA are all replaced by DBA-OC12. I5=0.5 nA, Vpias=-0.2 V.
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Figure S4. Scanning induced desorption dynamics of cDBA-OC12(S)-OC13(R) at the 1-
phenyloctane/HOPG interface taken at 26 °C (C =2.5 x 10-° M containing 6 mol% cDBA-OC12(S)
-OC13(R) and 94 mol% DBA-OCI12. Selected STM images from a sequence obtained in



approximately the same area by 50 minutes of continuous STM scanning. Each image was
obtained in about 2 minutes. Imaging conditions: /st = 0.2 nA, Vpias =-0.2 V.



*

Figure S5. Molecular dynamics simulation of the early stages of tip-induced cDBAOCI12(S)
desorption. Snapshots demonstrate how tip, approached within the distances required to maintain
the set-point current, deforms alkyl chain interdigitation and weakens cDBA adsorption. The tip
is colored according to its distance from the surface: from blue (10 A) to red (5 A).
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150 mins

Figure S6. A demonstration of the local nature of cDBA removal at the 1-phenyloctane/HOPG
interface taken at 21 °C (C = 8 x 10 M containing 70 mol% cDBA-OC12(S) and 30 mol% DBA-
0OC12). a) A 200 x 200 nm? scan. b-e) Zoomed-in images at the area outlined by the square in a).
Selected STM images from a sequence obtained in approximately the same area by 26 minutes of
continuous STM scanning. Each image was obtained in about 2 minutes. An estimated rate
constant of the tip-induced desorption at 21 °C is ~0.116 s°!. f) By continuous scanning at the same
100 x 100 nm? area until most of the cDBA molecules are removed, followed by zooming out to
obtain an image at 200 x 200 nm?. Figure 3e and Figure S5f are identical, but were used for
different proposes. g) Without scanning in between, another 200 x 200 nm? image was taken at the
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same location. (a’-g’) Original images without processing. (a-g) Imaging conditions: /. = 0.2 nA
and Vi =02 V.
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