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Supplementary Figure 1: Substructures in basic monolayers formed in a methanol-water mixture. Phase
images of structures in a 50:50 methanol water mixture reveal angstrém-scale perpendicular sub-features
(dashed yellow lines) corresponding to water and methanol molecules forming correlated parallel ‘wires’ on the
surface of HOPG, consistent with observations in previous work'2. The scale bar represents 5 nm. The blue scale

bar represents a phase variation of 10°. The purple scale bar represents a topographic variation of 0.8 nm.
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Supplementary Figure 2: High resolution images of some of the unique features observed in a methanol-
disodium phosphate mixture. (a-b) The two consecutive images were taken within approx. 1 minute of each
other. The pink dots denote example features (potentially molecules) that undergo a translational shift,
indicating that the assembly is not stable under imaging conditions. The images are phase images for their better
contrast. The scale bars represent 2 nm. The blue colour scale bar represents a phase variation of 12°. (c) MD
simulations of Na* and HPO4? ions in a 50:50 water-methanol mixture. The ions concentration corresponds to a
weight percentage of 1%. The simulations demonstrate a tendency for the charged molecules to cluster together
with their hydroxyl group facing outwards. The water and methanol molecules have been made partially
transparent for better visibility of the Na* and HPO4* ions. (d) The size of clusters involving 2 HPO4* ions is
comparable in size to the features observed in (a-b).
Details of the MD simulations: The simulations were performed using the molecular dynamics package
GROMACS version 2016 3. The methanol molecules, sodium ions and HPO4% ions were all described by the all
atom OPLS force field*. The water was described by the TIPAP model®. Using this description for a system with
NazHPOs in water with a weight percentage of 30% at 70°C gave a liquid density of 1203 kgm3, which is within
2.5% of the experimentally observed value (1232 kg m3)®. The system was a NPT ensemble maintained at 298 K
and 1 bar using a velocity rescale thermostat’ and Parrinello-Rahman barostat®® with coupling times of 0.5 ps
and 1 ps, respectively. The simulation was performed with a 0.002 ps timestep. The mixture contained an equal
number of water and methanol molecules as well as Na* and HPO4? ions corresponding to a weight percentage
of 1%. This is higher than would be the case for the 10 mM Na2HPO4 mixture studied in our experiments but can
be justified by the limited size and timescale of the simulations. Furthermore, it has been shown that similar
molecules tend to cluster together in aqueous solutions and the local concentration hence fluctuates'®. Prior to
analysis, the liquid box was equilibrated for 1 ns. Then a further 3 ns of simulations were performed during which
we observed the behaviour of the Na* and HPO4? ions. The snapshots were taken 1 ns into the run. At the end
of the full 3 ns all of the charged molecules had clustered together. However, obtaining a meaningful average



cluster size for the concentrations studied in our experimental system is beyond computational feasibility due
to the size of the simulation box.

Generally, highly charged molecules are difficult to simulate and can require force fields relying on quantum
mechanical derivations'~3, We therefore compared our result with previously published results obtained for
HPO4% ions in a calcium diphosphate system, and which uses a force field derived specifically for phosphates4,
The published study reports a similar effect where the HPO4? ions form clusters with the hydroxyl groups facing
outwards??, consistent with our findings.
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Supplementary Figure 3: Impact of disodium phosphate on the basic monolayers formed in a methanol-water
mixture. The white and black arrows denote the two different parts of the monolayer, with the raised parts
(white arrow) appearing on average 0.32 + 0.06 nm higher than the surface of the basic monolayer (green
topographic profile). This is identical to the effect observed in NaCl and KCI within error. The phase also shows
a contrast between the two types of layer (red profile) The scale bar represents 25 nm. The purple scale bar

represents a height variation of 1.5 nm. The blue scale bar represents a phase variation of 6°.
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Supplementary Figure 4: Impact of NaCl on the basic monolayers formed in a methanol-water mixture.
Topographic and phase images of raised areas formed in a 50:50 mixture of methanol with 137mM NaCl (a). The
white and black arrows point to two different domains of a single structure (white dashed outline), with the
green dashed line marking the boundary between the domains. The red arrow points to a region covered by the
basic methanol-water monolayer unchanged by the presence of the salt ions. (b) High resolution images of the
raised structures (white arrow) show small localised features sitting on top of the row structures and lying in
registry with them (highlighted by the dashed black lines). The features are presumably molecular clusters
involving the metal ions. (c) Some regions (black arrow) do not show any of these ‘clusters’, indicating standard

basic methanol-water monolayer. The scale bar is 25 nm in (a), 5 nm in (b) and (c). The purple scale bar
represents a height variation of 1 nm in (a) and 0.5 nm in (b-c). The blue scale bar represents a phase variation

of 8°in (a) and (c) and 6° in (b). The direction of the patterns in (a-c) differ due to changes in the angle of scanning
to obtain optimum resolution.



Supplementary Figure 5: High-resolution structures observed in a 50:50 methanol:PBS solution mixture.
Distinct longitudinal structures with no well-defined periodicity are formed (a). Multiple round features (green
arrow) can also be observed, likely due to the incorporation or clumping of the salt ions. Some regions (b) exhibit
co-existence of PBS induced structures (white arrow) and structures resembling the basic methanol water

monolayers (black arrow). The scale bars are 50 nm. The purple colour scale bar represents a height variation of
0.5nmin (a) and 1 nmin (b).
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Supplementary Figure 6: Details of the filtering and averaging procedure. The procedure is applied here on the
set of measurements taken in the 5:95 methanol-PBS mixture and used in Fig. 3. (a) Shows the processed data
after Gaussian filtering and interpolation procedures have been applied using a home-built software. The raw
data is shown for comparison in (b). The images presented in Fig. 3c and d (main text) are then obtained by
applying a further average filtering process that uses a pattern matching algorithm. Details of the algorithm are

described elsewhere®.
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Supplementary Figure 7: High-resolution images of the HOPG 50:50 ethanol:water mixture interface. Co-
existence of two types of ordered monolayers (a, black and white arrows) is visible. Higher magnification of the
area highlighted with the white arrow in (a) reveals a basic structure with a periodicity of 5.40 + 0.10 nm (b) but
with no sub-features. In contrast, details of the area highlighted with the black arrow in (a) reveals a periodicity
of 3.87 £ 0.10 nm with finer features running perpendicular to the main rows and spaced by 1.05+0.10 nm
(white dashed lines). The scale bars are 50 nm in (a) and 7 nm in (b) and (c). The purple scale bar represents a
height variation of 3 nm (a), 0.5 nm (b), and 0.2 nm (c), and the blue scale bar represents a phase variation of (a)
6° (b) 1° and (c) 4°.

a  Methanol - H,O0 b Ethanol - H,O ¢ 1-Propanol - H,O
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Supplementary Figure 8: Comparison between the interfacial supramolecular assemblies occurring in
different mixtures of water and primary alcohols. The basic monolayer arrangement is visible in the 50:50
methanol:water mixture (a). In contrast, new domains with different periodicities, appearance and clear
geometrical edges are formed in the 50:50 ethanol:water (b), 50:50 1-propanol:water (c) and 10:45:45 1-
propanol-methanol (d) mixtures. This indicates that a different assembly has taken place. The scale bars are 45
nm. The colour scale bar represents a height variation of 0.5 nmin (a), (c) and (d) and 0.8 nm in (b).
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Supplementary Figure 9: Comparison between the interfacial supramolecular assemblies occurring in a binary
1-propanol-water mixture and a ternary 1-propanol-methanol-water mixture. The unique structures formed
in a 50:50 1-propanol:water mixture (red arrows) exhibit similar properties to those formed in a 10:45:45 1-
propanol-methanol-water mixture. The geometry of the structures in the binary mixture (a) strongly resemble
that of certain motifs formed in the ternary mixture (c) and both motifs are unstable under imaging (b and d).
Unlike the binary mixture, the presence of high quantities of methanol in the ternary mixture causes the rest of
the surface to be covered in multi-layered structures resembling the basic methanol-water monolayers,
indicating a co-existence of methanol and 1-propanol induced features. The scale bars represent 100 nm in (a)
(b) and (c) main images, 20 nm and 10 nm in the insets of (a) and (c) respectively, and 50 nm in (d). The purple
scale bar represents a height variation of 3 nmin (a) (0.6 nm in the inset) and 2 nm in (c) (0.4 nm in the inset).
The blue scale bar represents a variation of 4° in (b) and 1.5° in (c) and (d).



Methanol-Water Water

Supplementary Figure 10: Comparison of the GrO in a methanol-water mixture and in pure water. At low
resolution no differences are visible (a, d) but row-like structures become apparent in water-methanol at higher
resolution, as can be seen in (b, c), where (c) is a subsequent image of the same area as (b) after the scanning
direction has been rotated by 90°, confirming the features are not imaging artefacts. Such structures are not
visible in pure water (e), confirmed by comparative profiles taken across the interface (f). The scale bars 50 nm
(a, d), 10 nm (b, c, e). The height variation is 2 nm (a, d) and 0.8 nm (b, c, e).
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Supplementary Figure 11: Large scale image of self-assembled structures formed on MoS: in a 50:50 methanol
water mixture. Elongated linear domains are clearly visible (lighter colours) in large scale phase images (a). The
direction of growth reflects the hexagonal symmetry of the substrate, also visible in topography (b). Three
domains have come into contact causing them to stop growing along their main axis. The scale bars represent 1
pum (a) and 100 nm (b). The blue scale bar represents a phase variation of 3° in (a). The purple scale bar
represents a height variation of 0.6 nmin (b).

Supplementary Figure 12: AFM topographic images of MoS: in ultrapure water after 2 hours. No structures
are visible at low (a) and higher resolution (b) in the absence of added alcohol. The scale bars represent 500 nm
(a) and 100 nm (b). The purple scale bar represents a height variation of 1.5 nm in both.
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