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Figure S1: AFM images of 0.5 WL [C1C1Im][Tf2N] on Au(111) during cooling. The images
are measured roughly at the same spot, as is evident from characteristic features, which
are highlighted with colored circles and from some step edges marked with black lines;
note that the images are massively distorted due to thermal drift, and occasionally
interrupted for readjusting the z-position. The slow scan direction is downwards, and the
sequence is imaged continuously during cooling (start and end temperatures of each
image are indicated). Between 400 and 350 K (a-c), the whole surface is covered with
highly mobile IL; between 350 and 330 K (d) free surface emerges, accompanied by
strong noise. Below 330 K (e and f), half of the surface is covered with IL islands,
preferentially at the lower parts of the step edges. We conclude condensation of the IL
into 2D islands between 330 and 350 K. Thus, its melting point lies between 330 K and
350 K, which is 30-50 K above the melting point of the bulk (details of the preparation,
coverages and imaging parameters are summarized in Table S2 in the SI).
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Figure S2: Subsequent STM images at 190 K, after deposition of ~1 WL [C1Cilm][Tf2N]
onAu(111)at368 K. While in (a), both an H and an S phase are observed (phase boundary
highlighted with white dashed line), the S phase is completely converted into the H phase
in the following frame (b); details of the preparation, coverages and tunneling parameters
are summarized in Table S2.

Figure S3: (a) STM image at 110 K, after deposition of 0.25 WL [C1CiIlm][TfzN] on
Au(111) at 380 K with two differently oriented S domains separated by Au step edge;
(b, c) Fourier Transformations of the yellow and blue areas of (a) exhibit identical unit
cells characteristic for the S phase (details of the preparation, coverages and tunneling
parameters are summarized in Table S2).



Table S1: Overview over selected STM studies of [Tf2N]-based ionic liquids on metal

surfaces which report the melting temperature of the wetting layer and literature values
of the bulk melting temperature (not to be confused with the glass transition tempera-

ture) of the corresponding ILs.

bis[(trifluoromethyl)sulfonyl]imide

Short name IUPAC name and Chemical Structure Melting Point Melting Point”
(alternative name) Bulk Wetting Layer
[X] [X]
F4C, [C] CF.
NN
[C:CiIm][TEN], A g /R\/ i
\=/ 00 00 2951, 2992 Au(111): 330-350
([MMIm][TFSA]) 1,3-dimethylimidazolium
bis[(trifluoromethyl)sulfonyl]imide
A NN 2523, 254, 2552
N s < 3 ) f
[CoCalm][TEN], Ne !/ NN 2564, 2575, 2585, Ag(111): 180-21210
— 00 00 .
([EMIm][TFSA]) 1-ethyl-3-methylimidazolium 52372277121 2775, Au(111): 24010
bis[(trifluoromethyl)sulfonyl]imide
Fgc\ © /r:F3
[CsC1Im][TE.N], A T e N /S/\\/ \/R\ Ag(111): 165-1851
\—/ 00 00 250-271° Au(111): 165-19710
([OMIm][TFSA]) 1-methyl-3-octylimidazolium
bis[(trifluoromethyl)sulfonyljimide
I F,c\ /Ne\ /CF:,
[C4C1Pyrr][TEN], < ;N /R\ //S\\ 25211, 255526211, | Ag(111): 18013
00 00 26412, 2677 Au(111): 170-22514
([BMP][TFSA]) 1-butyl-1-methylpyrrolidinium Cu(111): >20015

*) depends on surface coverage




Table S2: Overview over the preparation conditions for the shown images. Typically, the
preparation procedure was sputtering, annealing, deposition of IL at Tprep (“<” indicates
that the sample was cooling during preparation), an optional annealing step to Tmax, and
finally imaging at Tmeas. The coverage is given in WL, where 1 WL is the coverage required
to complete the first layer of IL on the substrate. The tunneling bias (U) is applied to the
substrate. The frequency setpoint (Af) is the offset to the cantilever resonance frequency.

Tumeas | Tmax | Tprep | Coverage | U I -| Af .
Figure | Method | 2| & [;q" [WL]g V1 | pal SE\)‘ 2] File ID
1a | STM | 300 | 322 | 322 0.5 | -121 300 | PyIr 200205_14-2
b | AFM | 300 | 300 | <200 | 0.75 2300 | 190828 114-1
lc | STM |RT* | 379 [<170| 10 |-12]300 | W 190911_23-1
1d | AFM | 300 | 300 | <200 | 0.75 400 | 190828_139-1
le | STM | 300 | 376 [<170| 1.0 |-12] 80 | W 190909_57-1
1f | AFM | RT* | RT* |<170| 0.5 200 | 19082272
2a | STM | 110 | 295 |<170| 05 |-13]300 | W 190716_23-22
2b | AFM | 110 | 381 | 381 0.5 2300 | 191220 4822
2¢ | STM | 110 | 370 | 370 | 1.0%* |-14| 35 | PuIr 181112_22-1
2d | AFM | 110 | 381 | 381 0.5 400 | 191220 26-1
3a | AFM | 110 | <170 | <170| 05 200 | 190819_76-4
3b | AFM | 180 | <200 | <200 | 0.75 600 | 190827 43-1
4a | STM | 110 | 370 | 370 | 1.0** |-14| 35 | PyIr 181112 27-1
4b | AFM | 110 | 381 | 381 0.5 400 | 191220_10-1
4c | STM | 110 | 368 | 368 | 1.0%* |-14| 35 | PuIr 181119_153-5
4d | AFM | 110 | 390 | 368 | 1.0%* 450 | 181122_69-1
52 | AFM | RT* | RT* |<170| 0.5 200 | 190822 7-2
sb | STM | 110 | 368 | 368 | 1.0%** |-14| 35 | PyIr 181119_153-5
Sc | STM | 110 | 380 | ~300| 025 |-20]200 | W 190710_85-1
Sla | AFM | ** | 420 |<220| 0.5 400 | 200304 _34-4
Sib | AFM | *** | 420 |<220| 05 400 | 200304 34-5
Sle | AFM | *#+ | 420 | <220| 0.5 400 | 200304_34-6
Sid | AFM | #** | 420 |<220| 05 400 | 200304 347
Sle | AFM | *** | 420 | <220| 0.5 400 | 200304_34-8
SIf | AFM | *** | 420 |<220| 05 400 | 200304 34-9
S2a | STM | 190 | 368 | 368 | 1.0%* |-14| 35 | PIr 181119_96-3
S2b | STM | 190 | 368 | 368 | 1.0%* |-14| 35 | PyIr 181119_96-4
S3 | STM | 110 | 380 |~300| 025 |-20]200 | W 190710_85-1

* with the sample stage at RT (that is, no cooling or counterheating)
** no multilayer adsorption occurs at these preparation temperatures1®
*** the temperature was reduced during the measurement, see Figure S1 for details
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