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The water, of course! Impurity-induced polymorphism in the 
self-assembly of interfacial trimesic acid monolayers 
Manuela Hocke,a Natalia Martsinovich,b and Markus Lackinger*a

The self-assembly of supramolecular monolayers at liquid-solid interfaces has been extensively studied over the last three 
decades, predominantly by Scanning Tunnelling Microscopy. Early on, evidence accumulated that polymorphism — the 
formation of different monolayer structures from the same molecular building block — is relatively common. A plethora of 
studies have demonstrated that the specific polymorph expressed can depend systematically and reliably on the type of 
solvent, solute concentration, temperature, and substrate used. By contrast, spontaneous polymorphism was also observed, 
whereby different polymorphs emerged under seemingly similar conditions. Albeit this phenomenon has been known about 
for a long time also in the context of molecular bulk crystals, it is often poorly understood. Here, the self-assembly of 
hydrogen bonded trimesic acid monolayers on graphite from heptanoic acid solution yielded either the chickenwire or the 
flower polymorph, depending on the batch and supplier of the solvent. In a previous study, however, we found the 
chickenwire polymorph to be most thermodynamically stable in this solvent. This unexpected spontaneous polymorphism 
was eventually attributed to water impurities in the heptanoic acid solvent, and could be controlled by adding or removing 
small amounts of water. We anticipate that a fuller and quantitative understanding of the water influence on polymorph 
selection in hydrogen-bonded monolayers could become a powerful lever for crystal engineering.

Introduction
Self-assembly of supramolecular monolayers at liquid-solid 
interfaces is a highly active and thriving field of research for 
several good reasons. Firstly, supramolecular monolayers have 
enormous application potential in surface functionalisation and 
nano-patterning due to their virtually unlimited structural and 
chemical variability, which is combined with the ease of their 
preparation.1-3 Secondly, monolayer structures can be easily 
determined with high fidelity, often revealing (sub)molecular 
details, using high-resolution Scanning Tunneling Microscopy 
(STM).4, 5 The ability to directly resolve molecular structures 
and, to some extent, dynamics in real space using STM in 
controlled environments also renders this variant of self-
assembly an ideal testbed and playground for fundamental 
research.6-8

Polymorphism is a common but incompletely understood 
phenomenon in molecular structure formation in general,9 and 
in the self-assembly of interfacial monolayers in particular.10-24 
Since its first observation by Liebig and Wöhler in 1832 for 
benzamide crystals, polymorphism has continued to puzzle the 

scientific community.25 When it occurs spontaneously, the 
polymorphism can either be an interesting research question or 
a serious problem, especially in the pharmaceutical industry.26, 

27 For the advancement of fundamental understanding, a clear 
experimental distinction between kinetic and thermodynamic 
origins is essential.6, 28, 29 In monolayer self-assembly, tri-
carboxylic acids tend to express a variety of polymorphs11, 17, 18, 

21, 28 due to the energetic similarity of the different cyclic and 
catameric hydrogen bonds.30 In combination with threefold 
tectons, these give rise to multiple intermolecular binding 
motifs with comparable free energy. Thereby, energetically 
inferior hydrogen bonds can  result in higher molecular packing 
densities.11, 22 These, in turn, compensate for diminished 
hydrogen bond energies by increased contributions from 
molecule-surface interactions. For monolayer self-assembly at 
liquid-solid interfaces, the presence of the supernatant solution 
has several crucial effects that promote polymorphism. 
Arguably, the most important is the reduction of adsorption 
enthalpies,7, 8, 31 which facilitates a dynamic equilibrium 
between adsorption and desorption in most cases, though not 
always.32, 33 This reduction in adsorption enthalpies also 
significantly enhances the relative weight of entropic 
contributions and thus their importance. In addition, solvent co-
adsorption, either as an integral, structure-defining part of the 
monolayer or more concealed in the solvent-exposed pores of 
less densely packed monolayers, can be a critical contributor to 
polymorph selection.16, 34 For a given tecton, solute 
concentration,10-16 solvent,17-21 substrate22 and temperature23, 

24 are the more obvious, recognized and experimentally studied 
influences on polymorph selection. In addition, a number of 
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studies have reported structural phase transitions upon 
changing the voltage bias polarity during STM imaging.35-37

Under real experimental conditions, however, additional non-
obvious and less well understood and explored factors may also 
influence polymorphism: Solvents or solutes can suffer from 
impurities, and surfaces from defects. In particular, 
commercially available solvents are typically used as received 
with their usual (im)purities of ~95% to ~99%. In the related 
field of supramolecular polymers, issues of reproducibility are 
discussed more openly. In selected precedents, these issues can 
be unequivocally traced back to the purity of the solvent or 
solute.38

Fig. 1 Structures of the two most common TMA monolayer polymorphs on graphite. (a) 
chickenwire (CW) and (b) flower (FL) polymorph (unit cells outlined by black lines). The 
larger circular pores formed by six TMA molecules (blue filled circles) are a common 
structural motif of both polymorphs. In contrast, the smaller oval pores formed by four 
TMA molecules (green filled ellipses) are unique to the FL polymorph.

In addition, solvents or already prepared solutions may change 
over time due to indiffusion of impurities, slow segregation or 
aggregation processes, as well as unintended chemical 
reactions such as decomposition and oxidation. While in most 
cases trace amounts of impurities may not play a role in 
polymorph selection, we and other groups have observed 
unexpected monolayer polymorphs for either aged (i.e. stored 
at ambient conditions) solutions or newly received solutes or 
solvents. This is particularly true for systems where two 
competing polymorphs are rather similar in their 
thermodynamic stability, with trimesic acid (TMA, benzene-
1,3,5-tricarboxylic acid) being a prominent and widely studied 
example.4, 17, 34, 36, 37, 39-42 Using the homologous series of fatty 
acids as solvents, longer alkane tails yield the so-called 
chickenwire (CW) polymorph (Fig. 1a), while the fatty acids with 
shorter alkane tails afford the flower (FL) polymorph (Fig. 1b).17 
Recently, we proposed that this solvent-induced polymorphism 
is due to a critical contribution of size- and shape-selective 

solvent co-adsorption.34 Short-chain fatty acids, such as 
hexanoic acid (6A), can adsorb in the smaller oval pores unique 
to the FL polymorph (marked by green ellipses in Fig. 1b), while 
long-chain fatty acids like nonanoic acid (9A) cannot for steric 
reasons. The relatively high adsorption free energy of these 
tightly bound short chain solvent molecules tips the 
thermodynamic balance in favour of the FL polymorph. 
Heptanoic acid (7A) is an interesting borderline case as a 
solvent, where the CW polymorph is usually observed, but the 
FL polymorph occasionally emerges as either single domains or 
full monolayer coverage.17

Results and Discussion
Spontaneous polymorphism

Fig. 2 UV-Vis absorption spectra from saturated TMA solutions prepared with 7A solvents 
from different batches and suppliers. The respective bottles had been opened at 
different times: approximately one year prior (blue curve, highest absorbance); 
approximately 2 months prior from a different supplier (red curve, intermediate 
absorbance); approximately 1 month prior from the same supplier (black curve, lowest 
absorbance).

For TMA we have come across a case of spontaneous 
polymorphism: Newly received 7A solvent from different 
batches and suppliers unexpectedly yielded the FL polymorph. 
In all cases, the TMA monolayers were phase pure as judged by 
examination of larger areas and macroscopically distinct spots 
by STM (ESI, Fig. S1). We have previously argued that the CW 
polymorph is the most thermodynamically stable in 7A.34 
Accordingly, we consider the appearance of the FL polymorph 
to be the aberration. 

TMA solubility and concentration-induced polymorphism

As a first complementary characterization, UV-Vis absorption 
spectroscopy was performed on saturated TMA solutions with 
7A solvents from different batches acquired at various times 
after the respective solvent bottle had been opened. An 
absorbance value of 1.0 is approximately equivalent to a 
concentration of 1.0 mmol/L.34 As can be seen in Fig. 2, the 
absorption spectra reveal surprising variations in TMA 
solubility, with differences of up to approximately fourfold. The 
common trend observed here is that the longer the time span 
since the bottle was opened, the larger the solubility of TMA. In 

Page 2 of 8Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/8
/2

02
6 

3:
54

:3
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6NR00889E

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6nr00889e


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins

Please do not adjust margins

general, higher solute concentrations correspond to higher 
chemical potentials in solution, which thermodynamically 
favour the self-assembly of more densely packed monolayer 
polymorphs on surfaces.43-46 Accordingly, the increased TMA 
solubility would provide a simple and obvious explanation for 
the expression of the more densely packed FL polymorph (1.02 
molecules/nm² versus 0.85 molecules/nm² for the CW 
polymorph34). To validate this idea, the respective solutions that 
unexpectedly yielded the FL polymorph were diluted with pure 
7A to check whether reduced TMA concentrations would afford 
the CW polymorph. In fact, a 1:1 (v/v) dilution resulted in the 
CW polymorph in 6 out of 14 experiments. However, the TMA 
monolayer was completely absent in over half of the 
experiments. Additionally, the STM imaging was unusually 
unstable, which we tentatively attribute to the TMA monolayer 
being less stable. These observations suggest that TMA 
concentration alone is not the only critical factor.

Fig. 3 Water-induced TMA monolayer polymorphism from different 7A solutions. STM 
images of (a) FL polymorph from an artificially wetted 7A solvent; (b) CW polymorph 
from the solvent used in (a) dried by distillation before the self-assembly experiment; (c) 
CW polymorph from nominally dry solution; (d) FL polymorph obtained after wetting the 
solvent used in (c) by exposing it to H2O vapour before the self-assembly experiment (all 
scale bars 20 nm).

Type and concentration threshold of impurities

As a working hypothesis, we attribute the unexpected 
appearance of the FL polymorph to impurities in the 7A solvents 
used. Gas chromatography-mass spectrometry (GC-MS) was 
used to identify the main impurities present in various pure 7A 
solvents in their as-received state. Interestingly, the GC-MS 
analysis of the three native 7A samples produced qualitatively 
similar results (ESI, Figs. S9 and S10). From the corresponding 
mass spectra, 6A, butyl heptanoate, and benzaldehyde were 
identified as major impurities (ESI, Fig. S11). In summary, 
impurities were detected in the GC-MS analysis of all three 7A 
solvents studied here, and these impurities were found to be 
qualitatively and quantitatively similar.

However, it seems unlikely that the impurities identified by GC-
MS are causal for the expression of different TMA polymorphs, 

since they are present both in solvents that give rise to FL and 
to CW polymorph. Arguably, 6A is the most influential impurity 
as it is known to selectively stabilize the FL polymorph by co-
adsorption in its smaller oval pores.34 To test this further, we 
deliberately contaminated 7A solvent with 6A. But even at an 
unrealistically high 6A to 7A ratio of 1:10 (v:v), the CW 
polymorph prevailed (ESI, Fig. S2), thus confidently ruling out a 
decisive influence of the 6A impurity.
Consequently, we propose the influence of an abundant and 
well-known impurity for fatty acids that is more intricate to 
detect: water (H2O). The crucial impact of trace amounts of 
water on hydrogen-bonded supramolecular polymers in 
solution is well documented.47 Similarly, hydrogen-bonded 
supramolecular structures on surfaces underwent changes 
when exposed to water, even in ultra-high vacuum 
experiments, where the tolerable water dosages are relatively 
low.48-52 Moreover, it is known that water can also disrupt 
hydrogen bonding in upright, adsorbing, carboxylic acid-
terminated monolayers.53 To provide definitive evidence of the 
influence of water, and also to estimate the amount of water 
that can evoke the FL polymorph, small amounts of liquid H2O 
were deliberately added to 7A solvent. The solubility of 7A in 
water is low (2.82 g/L at 25 °C, according to the supplier's 
specifications), due to its relatively long, non-polar alkane tail, 
which suggest low miscibility overall. Indeed, even when 10 … 
100 mmol/L of H₂O is added to 7A, small water droplets 
segregate initially (ESI, Fig. S14). Preparing homogeneous 
solutions of water in less to non-polar solvents is notoriously 
difficult.54 Accordingly, sonication at elevated temperatures of 
around 40 °C - 60 °C for relatively long periods of 6 - 12 h was 
used for homogenisation, providing (meta)stable solutions. 
Then saturated TMA solutions were prepared from these 
artificially wetted 7A solvents for subsequent STM 
characterization. An added concentration of 10 mmol/L H2O can 
already yield a relatively high proportion of the FL polymorph 
(ESI, Fig. S3). In order to increase the proportion of FL 
polymorph, the amount of water was successively increased in 
the same solvent to 20, 50, 100 and 200 mmol/L. However, 
unexpectedly only the CW polymorph was observed, and the FL 
polymorph dominated only when in total 300 mmol/L water 
were added in this experiment (ESI, Fig. S3). In four other 
experiments, we found that adding 10 … 200 mmol/L of water 
sufficient to evoke the FL polymorph. A representative example 
is shown in Fig. S3. Despite the variations in STM contrast that 
are routinely observed for TMA monolayers (cf. FL polymorph 
in Fig. 3a vs. Fig. 3d), the two polymorphs can be reliably 
distinguished by their significant difference in lattice parameter. 
Furthermore, only the CW polymorph exhibits a prominent 
Moiré pattern that is clearly discernible at a larger scale (Fig. 3b 
and 3c).40

However, the concentration threshold for adding water was not 
consistent between experiments. This may be due to the 
unknown amount and activity of water that was already present 
in the 7A solvent before more water was deliberately added.
In addition to adding liquid water, we investigated the effect of 
prior exposure of the 7A solvent to ambient humidity on TMA 
self-assembly. To this end, 7A solvent was exposed to saturated 
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water vapour at 50 °C in a closed container for different 
durations (Fig. 3 and ESI, Fig. S13c). Subsequently, saturated 
TMA solutions were prepared from these solvents, and the 
resulting monolayer self-assembly was characterised using 
STM. Although the results of individual experiments were 
ambiguous, repeated experiments showed a clear trend. For 
example, in one experiment, exposure for ~6 h was sufficient to 
afford the FL polymorph (ESI, Fig. S4), whereas in another 
experiment, accumulated exposure for ~50 h was required. 
Strangely, when two 7A solvent samples from the same batch 
were exposed to water vapour in the same container under 
nominally similar conditions, one sample yielded the FL 
polymorph and the other yielded the CW polymorph. 
Nevertheless, we conclude that exposure to ambient humidity 
can already affect the properties of 7A as a solvent for TMA 
monolayer self-assembly. Therefore, the humidity level at 
which the 7A solvent is produced and bottled, and consequently 
the season and location, can influence its properties with regard 
to TMA monolayer polymorph selection.

Drying 7A solvents

Having identified the H2O impurities as the key reason for the 
unexpected spontaneous polymorphism in TMA monolayers, 
the next aim was drying the 7A solvent as an important step 
towards better defined conditions for more reproducible 
studies. The starting points were 7A solvents that had been 
artificially wetted, either by adding liquid water directly or by 
exposing them to water vapour. The success of the wetting 
procedure was verified by STM imaging of the FL polymorph 
from the subsequently prepared TMA solutions. A reference 
sample of the same wetted solvent was kept for all drying 
experiments. To exclude the influence of spontaneous changes 
that occurred over time (vide infra), it was ensured that the 
TMA solution obtained from the wetted reference still afforded 
the FL polymorph after the drying experiment had been 
completed. Similarly, the success of the drying protocol was 
assessed based on the subsequent preparation of TMA 
solutions for STM characterisation, under the premise that 
sufficiently dry solvents would result in the CW polymorph.

Initially, vacuum distillation was used because it is the standard 
method of purifying solvents in chemistry. As expected, the 
resulting 7A distillate afforded the CW polymorph, confirming 
the effectiveness of vacuum distillation in removing water from 
fatty acids (Fig. 3a). Surprisingly, the distillate showed several 
additional peaks in the GC-MS analysis that were not present in 
the untreated 7A solvent (ESI, Fig. S11). However, subsequent 
GC-MS analysis of the yellowish, discoloured distillation feed 
showed almost identical peaks. This suggests that heating the 
wet 7A during distillation can result in new impurities emerging 
through chemical reactions with the water. 

Due to the relatively high level of effort required for vacuum 
distillation as well as the risk of introducing new impurities, we 
also explored simpler approaches to removing the water from 
the solvent. Therefore, we tried immersing common desiccants 
directly in 7A. However, both anhydrous MgSO4 and 3A zeolite 

interfered with the STM experiments. The solvent that had been 
exposed to 3A zeolite was visibly discoloured and exhibited a 
Faradaic offset current in the STM, when the tip was brought 
into contact with the solution, indicating dissolution of the 
desiccant. We therefore tried heating the 7A solvent at 80 °C for 
~12 h in the presence of 3A zeolite, but not immersed.‡ To this 
end, the solvent was placed in a separate vial and loaded into a 
closed container together with a large excess of 3A zeolite.(ESI, 
Fig. S13a). This procedure could also restore the CW polymorph 
(ESI, Fig. S5). In another experiment, the conversion was also 
observed after ~12 h exposure of 7A to 3A zeolite without 
additional heating. Furthermore, we explored the effect of 
using silica xerogel beads (without a colour indicator to avoid 
obvious contamination). Heating the 7A solvent in a closed 
container with silica xerogel beads at the bottom (Fig. S13b) was 
insufficient, but immersing the beads directly in the solvent at 
~50 °C for three days changed the polymorph arising from this 
solution from FL to CW (ESI, Fig. S6).‡ This protocol was effective 
with both the pure 7A solvent and the already prepared TMA 
solution. Albeit STM imaging was still possible, it revealed 
contamination of the graphite surface (ESI, Fig. S7). In addition, 
we discovered that mere heating of the 7A solvent at higher 
temperatures could also alter TMA polymorph expression: A 
TMA solution prepared using artificially wetted 7A solvent that 
was subsequently heated to 100 °C for ~1 h again yielded the 
CW polymorph (ESI, Fig. S8), while the unheated reference 
continued to show the FL polymorph. In light of the newly 
observed peaks in the GC-MS analysis of the distillation feed 
(vide supra), it is conceivable that the heating process reduced 
the water concentration by consuming it in chemical reactions.

Slow changes over time 

Having clearly demonstrated the influence of H2O impurities on 
TMA monolayer polymorph selection, we made another 
peculiar observation: The newly obtained 7A solvents, which 
unexpectedly afforded the FL polymorph at first, reverted to the 
CW polymorph after a period of a few days to weeks after 
opening the solvent bottle without any further treatment. This 
was also the case for the artificially wetted solvents. As the 
solutions were stored in tightly sealed containers, complete 
removal of the H2O from the system by evaporation or similar 
processes is unlikely. Given the low miscibility of 7A and H2O, it 
seems more plausible that slow segregation reduced the 
effective H2O concentration. We tested this hypothesis by a 
simple experiment: A very mildly artificially wetted solvent (1 
mmol / L H2O), which already yielded first the FL polymorph and 
then, after a few days the CW polymorph again, was agitated by 
sonication at elevated temperature of 50 °C for ~4-8 h to 
promote complete remixing of any remaining H2O with the 7A. 
Indeed, the FL polymorph was recovered and still observed 
after three days from the same solution without additional 
sonication. This suggests that the water was still present in the 
solution a few days after wetting, but was no longer effective, 
most plausibly by aggregation.

Molecular Dynamics simulations

Page 4 of 8Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

7 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/8
/2

02
6 

3:
54

:3
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6NR00889E

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d6nr00889e


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins

Please do not adjust margins

Although enhanced TMA concentrations could 
phenomenologically explain the emergence of the FL 
polymorph due to an increased chemical potential of TMA in 
solution, ab initio Molecular Dynamics (AIMD) calculations were 
performed to shed more light on how water can affect TMA 

polymorph expression at the molecular level (ESI, Materials & 
Methods). In non-polar solvents, water mostly exists in the form 
of monomers.54 This can be explained by the fact that the free 

Fig. 4 AIMD simulations of H2O insertion into a two-fold cyclic hydrogen bond of a 
benzoic acid dimer adsorbed in bilayer graphene. Snapshots were taken at the times 
indicated. Top and side views are shown in the upper and lower row, respectively. In this 
AIMD run the H2O molecule became inserted into the carboxylic acid hydrogen bond and 
stayed there for the remainder of the AIMD run.

energy cost of forming a cavity in a non-polar solvent that is 
large enough to accommodate a single water molecule is 
roughly equivalent to the enthalpic gain from its interactions 
with the cavity wall.55 For our case, the potential for hydrogen 
bonding between water and the carboxylic acid groups of 7A 
solvent complicates matters. Nevertheless, we propose that 
monomeric water molecules exist in 7A and can disrupt the 
hydrogen bonding in the adsorbed TMA monolayer. To further 
explore this possibility by AIMD, a hydrogen-bonded benzoic 
acid dimer was adsorbed onto a single- or bilayer of graphene, 
with an additional single H₂O molecule on top (see Fig. 4, left). 
In the subsequent MD runs, the H2O molecule left the scene in 
most cases on the ps time scale (ESI). However, occasionally the 
H2O molecule was inserted into the cyclic double hydrogen 
bond between the carboxylic acid groups and was stabilized 
there. The initial, an intermediate, and the final structures of 
such an event are exemplarily shown in Fig. 4. Even this highly 
simplified model already demonstrates that H2O molecules can 
interfere with and disrupt the strong cyclic hydrogen bonds 
between carboxylic acids. The overall thermodynamic effect is 
weakening of the carboxylic acid hydrogen bonds, with the 
most pronounced influence on the CW polymorph, as it is based 
exclusively on this binding motif. Accordingly, polymorphs that 
owe their thermodynamic stability to alternative hydrogen 
bonding motifs and higher molecular packing densities, and 
hence increased molecule-surface interactions, may become 
more favourable. This reasoning provides a qualitative 
molecular level explanation for the predominance of the TMA 
FL over the CW polymorph in the presence of water in solution. 
By analogy, the unexpected variability of TMA solubility 
observed in the 7A solutions (Fig. 2) can also be attributed to 
the weakened hydrogen bonds between the carboxylic acid 

groups in the TMA bulk sediment due to the presence of water 
in the solution. This reduces the endothermic solution enthalpy, 
resulting in a more negative free energy for TMA dissolution in 
7A and consequently enhanced solubility. Over time, the water 
content — and therefore the TMA solubility — increased 
gradually due to repeated exposure to ambient humidity.

Conclusions
In conclusion, we found that newly obtained 7A solvents can 
unexpectedly yield the FL polymorph in the self-assembly of 
TMA monolayers on graphite instead of the routinely observed 
CW polymorph. Impurities were identified by GC-MS in three 
independent 7A solvent samples, regardless of the polymorph 
they afforded. But 6A, which could potentially be the most 
influential impurity, was found to be ineffective in evoking the 
FL polymorph even when added at unrealistically high 
concentrations. H2O was finally identified as the culprit and 
adding 1 … 300 mmol/L liquid water and homogenisation by 
sonication at elevated temperatures could increase the 
proportion of FL polymorph or completely change the 
polymorph expression from CW to FL. Alternatively, prolonged 
exposure of 7A solvents to saturated water vapour at 50 °C 
alone was sufficient. The deliberate manipulation of TMA 
polymorph expression also worked in the opposite direction: 
Drying artificially wetted 7A solvents or TMA solutions could 
restore the CW polymorph. Although vacuum distillation is 
generally considered the gold standard for solvent purification, 
it was ineffective in removing the main impurities previously 
identified. In contrast, GC-MS analysis of the distillate revealed 
new peaks that we have provisionally identified as reaction 
products of 7A and water. However, vacuum distillation could 
remove water from 7A, as evidenced by the self-assembly of the 
CW polymorph from the distillate solution. Albeit desiccants 
such as 3A zeolite or silica xerogel beads can also be used for 
drying 7A, they are less reliable and may contaminate the 
solvent if they come into direct contact with it. 

The superposition of additional slow changes in the solvent's 
characteristics over time introduced another level of 
complexity. Initially, solutions containing water and TMA in 7A 
solvent produced the FL polymorph. However, these solutions 
eventually reverted to the CW polymorph after a period of days 
to weeks, even without additional treatment. This surprising 
phenomenon was tentatively attributed to the slow segregation 
of water in 7A, which reduced its activity in solution. Essentially, 
the crucial additional influences of humidity, temperature and 
time can result in complex and seemingly erratic behaviour, 
producing apparently contradictory results in terms of TMA 
monolayer polymorph expression. In any case, given the 
variability observed in TMA solubility (see Fig. 2), we can no 
longer consider 'saturated solution' to be an accurate 
description of the experimental procedures. For concentration-
sensitive experiments, in particular, using defined weighed 
concentrations is indicated to improve reproducibility. 
Nevertheless, water could still contaminate the solutions, 
exerting a crucial influence on hydrogen bond strength, as 
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suggested by the AIMD simulations, and on polymorph 
expression, as experimentally demonstrated. Although it was 
possible to dry the solvent by vacuum distillation, heating poses 
a risk of introducing new, potentially influential impurities 
through chemical reactions with water. In future studies, it 
would be intriguing to quantify the influence of water impurities 
in solution on the hydrogen bond strength, also as a function of 
its concentration. Armed with this knowledge, exciting studies 
can be envisaged in which polymorph selection could be 
induced and controlled by small regulator molecules that 
interfere with intermolecular hydrogen bonding.
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