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Table S1: Dreiding force field calculations of different types of linear patterns of TMA

and mono ester on graphite double layer.

molecules/nm?
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A=33.78A
Linear pattern B=9.63A
comparable 0 = 84.5°
to no
sonication a=3° -1.12
(LPO). B=17.2°
*PD =0.614
molecules/nm?
Linear pattern
comparableto
no sonication A= 33.49A
(LPO_1). —
Relative B =9.48A
rotation of 0=85.8°
undecanol o= 6.3° -1.12
with respect '
to graphite p=18.3
plane is *P.D =0.629
different in molecules/nm?
this case.
N A=33.49 A
_ > SO U " | B=9.31A
Linear pattern N2 : .2 o
comparable )" i | 0=885
to 2 hours B> o |0=33.7° -0.97
sonication 8 P g |
(LP2) ; “ar% ., ﬁfs B=15.6
' iz Tvaskd ¥ | *P.D=0.641

S2




Linear pattern

comparable A=3544 A

to 4 hours v =X _

sonication L T B=953A

(LP4). This 2, .| 0=86.4°

structure is v S o= 6.3° -1.10

slightly loose PR '

packed p=17.3

compared to e Wa"@& r&‘ *P.D = 0.592

LPO 1. molecules/nm?
A=3235A
B=9.46A
0=87°

Estertypel o =6.9° -2.09
*P.D =0.653
molecules/nm?
A=29.91A
B=9.33A
0=82.2°

Estertypell o = 30.5° -1.90
*P.D =0.716
molecules/nm?

*P.D. is packing density (molecules/nm?).

The geometry of each structure is optimized using Drieding force field implemented in
DS ViewerPro. The starting point of each structure is based on experimental geometry
parameters. Summary of all calculations is provided in Table S1. The absolute energy
of different structures is dependent on the calculation methods used [1,2]; however,
the relative energy of different type of LP/Ester within a single method is useful for
comparison. A, B are the unit cell parameters, 0 is the angle embedded between A
and B of optimized structures. The output parameters of different optimized models

were compared to the corresponding experimental parameters to finalize the models.
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The model with a maximum of parameter matching to an experimentally observed
structure is assigned to it. Optimized LP corresponding to no sonication is similar to
LPO and LPO_1 and that at higher sonication time is LP2. LPO is energetically = 150
meV more stable than LP2. That is LPO is energetically more favorable thanLP2,
which is observed spontaneously (reported before for TMA-undecanol mixture [3,4]).
LP2 is formed only by triggering with external stimuli namely high concentration of
TMA at the interface. LP4 is a relatively stable pattern compared to LP2, however, it is
slightly looser packed. Ester typel is comparable with LPO and typell is related to LP2.
The relative energies and packing densities of these ester types are comparable with

the corresponding LP.
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Figure S1: a) UV-vis spectra of TMA in undecanol at different sonication times.
Reference is a solution with known concentration. O hours (0h) indicate solution which
has been not sonicated. Dashed line indicates the main peak at = 296 nm, which is
used for estimating the concentration of solutions sonicated for different times.
Concentration of solution shows a quick increase upon starting sonication, further

increase is slower and eventually saturates. A relatively weak shift of = 5 nm is

S4



observed for the main peak (294-299 nm) with increasing sonication time. b)

Concentration as a function of sonication time.

Figure S2: STM constant height image (1.2 V and 1.0 nA) of graphite and Ester
pattern in same frame (split image). The dashed line separates graphite and ester
pattern and is obtained by changing a resolution factor at the indicated line. Scale of

the top part of the image is 5 times that of the lower part.
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Figure S3: STM constant height image (1.2 V, 1 nA) of synthesized monoester linear
pattern at HOPG-undecanol interface in the large scan area. Self-assembled
structures of monoester are observed as islands in this scan area. The STM image
clearly shows an adsorption structure of the monoester as found developing from the
coadsorption pattern of TMA and undecanol as well as a further hexagonal structure

(yellow ovals), which is not the object discussed in this paper.

In analogy to reference [5], benzene-1,3,5-tricarbonyl trichloride was treated in CH,Cl,
solution with undecanol in the presence of pyridine as acid scavenger. After agueous

work-up and subsequent column chromatography the TMA-monoundecyl ester could
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be obtained in analytically pure form. For further infomation cf. reference [6]. Below the

'H NMR and ESIMS spectra of the TMA-monoundecyl ester are given.
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Figure S4: 'H NMR and ESIMS spectra of the TMA-monoundecy! ester.
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'H NMR [(CD3),S0), ppm]: §=0.83 (m, 3H, HY), 1.22 (m, 12H, H**>%7#) 1.32 (m, 2H,

H?), 1.39 (m, 2H, H®%), 1.74 (m, 2H, H¥), 4.33 (m, 2H,H!), 8.64 (m, 2H, H'*'%), 8.66

(m, 1H,H), 13.60 (s, 2H, H*?).
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Figure S5: Part of ESIMS spectrum of

the

TMA-monoundecyl ester

(5-[(undecyloxy)carbonyl]lbenzene-1,3-dicarboxylic acid, R = Cj;;H23) showing the

region of the proton, sodium- and potassium-ion adducts (measured (above),

calculated (below)). Spectrum was measured using acetonitrile as solvent.
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Table S2: Summary of geometric parameters, A, B, 6, 3 and molecular packing

density of different linear patterns and Ester patterns.

Sonication 0 4 6 8
time (h)

L.P. L.P. | Ester” |L.P|Ester” L.P. Ester”
AR)* 32 33 28(25) |35 | 28(25) 37 28 (24)
B(A)* 10 10 10(10) | 10 | 10(10) 10 10(10)
0(°)** 85 87 85(82) |89 |89(78) 86 86 (80)
B()** 17 14 22 15 |24 16 26 (15)
P.D. 0.63 0.61 [0.72 0.5 | 0.71(0.82) | 0.54 |0.74(0.84

7 )

* Distances have an error margin of +1 A, **Angles have an error margin of +2°, #
parenthesis shows the corresponding values for typell monoester, P.D. is packing
density in molecules/nm?

At all sonication times LP were observed. The structure of LP remains the same
except for changes in A and B. Ester is forming from solution sonicated longer than 4
hours. A of LP and Ester is smaller compared to that formed in undecanol. This is due
to the shorter chain length of decanol, which has one carbon atom less than
undecanol. Therefore, a difference of 2.5 A difference is expected which is well
reproduced in the experiment. The general tendency of Ester and LP formation form
differently sonicated solutions is the same as for undecanol. A of LP increases as the
sonication time increases. Below there is shown a STM image with coexisting LP and

Ester structures formed from TMA-decanol solution sonicated for 8 hours.
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Figure S6: STM constant height image (1.3 V, 1 nA) of adsorption of linear and Ester

patterns deposited from a solution of TMA in decanol at 8 hours sonication.
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Figure S7: Parts of ESIMS spectrum of the ultrasonicated solution (8 hours) of TMA
and undecanol (measured using acetonitrile as solvent; measured (above), calculated
(below)) showing the region of the sodium-ion adducts of a) TMA, b) TMA-undecyl
monoester, ¢) TMA undecyldiester and d) TMA undecyltriester (R = C1;H23). The
spectra show clearly that large amounts of the free acid (TMA) are still present (a) and
small amounts of the monoester accrued (b). The diester might be also present in

extreme low concentration (c), while the triester is not detectable by ESIMS.
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Figure S8: (a) STM constant height image (1.2 V, 1 nA) showing a domain boundary
between original linear pattern and monoester structure of TMA undecanol solution
sonicated to 8 hours. b) Relative percentage of Ester and linear pattern formed from 8
hours sonicated solution as a function of time (in days). After 12 days no Ester has

been found at the interface.

To investigate the extent of esterification at interface we have studied the relative
percentage of Ester and linear pattern (LPs) at the interface as a function of time
(days) after sonicating solution up to 8 hrs. Several areas (50 x 50 nm?) with
coexisting ester and LP structures have been used to calculate the relative percentage
on each day. The figure shows such an example for co-existence of linear pattern and
Ester from 8 hours sonicated solutions. Since the difference in the lattice parameter A
is clearly distinguishable for LP and Ester pattern, we have used 8 hours sonicated
solutions for sampling. Experiments were performed regularly at the same time
window (10.00 a.m. to 14.00 p.m.) on each day. The general tendency is shown in the
figure. Time zero indicates the first day at which the mixture of TMA and undecanol

has been freshly prepared by sonication. Approximately 85% of the area consists of
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monoester and the rest is LP. The experiment has been continued and images have
been acquired in intervals of one day. Interestingly the percentage of monoester
decreases with increasing time. After 12 days the entire surface has been covered
with LP. In addition, average A of LP has been decreased systematically with time. At
time zero it was 3.9 nm and then reduced to 3.6 nm after 9 days, finally reduced to 3.4
nm after 12 days. That is the LP structure observed after 12 days is very similar to

pure LPO.

In our previous study, the polymorphs of TMA in octanoic acid driven by concentration
have been observed to be always the same for several months (> 4 months),
confirming the long-time stability of the solution [7,8]. That means sonication allows to
fabricate a stable saturated solutions of TMA and octanoic acid. Unlike, the
concentration driven polymorphs in TMA-octanoic acid mixture, TMA-undecanol
mixtures shows a limited repeatability time for concentration driven products. That is
TMA and alcohol molecules presumably form a supersaturated solution, which is not
stable for longer time. This is possibly due to stronger interaction between undecanol
and TMA compared to TMA and alkanoic acid. Sonication allows to increase the
solubility of solute in solvent via breaking the solvent-solvent interactions [7,8]. These
interactions are re-established within the solvent after given time. That is the
concentration of TMA decreases as time evolves and therefore the ester formation at

the interface vanishes.
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