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SUPPORTING INFORMATION

ALL (1S)-CAMPHOR/CU(111) STRUCTURES IMAGED WITH NC-AFM

The selected conformations for this study came from a set of 14 imaged structures (Figure S1). Constant-current
scans with STM of each of the structures were similar, so nc-AFM with a CO-functionalized tip was utilized to
distinguish between them. nc-AFM is sensitive to picometer height variations and minor variations in adsorption
configuration result in enhanced or weakened features from the structure’s top-most atoms. Conformations were
excluded based on the following criteria:

• Pinwheel structures (Figures S1(b,g,j,m,n)) appear to have a low rotational energy barrier with symmetrical
adsorption geometries, allowing the molecule to rotate around its axis. They were excluded from the final
analysis.

• One molecule (two conformations in Figures S1(i,h)) did change conformation during scanning. Further, these
conformations showed a non-stable amplitude signal throughout the data stack and were therefore excluded.

• One molecule (Figure S1e) was excluded due to having a non-stable amplitude signal throughout the data stack.
It shows a similar image artifact to Figure S1c, which likely originates from a tilted CO tip used for imaging
this molecule.

• Molecules in Figures S1(k,l) were removed from final analysis due to having an insufficient number of constant-
height data slices. The molecule in Figure S1l was also removed due to a non-stable amplitude feature throughout
the data stack.

The remaining four structures in Figures S1(a,c,d,f) show distinct low-energy conformations which remained stable
during scanning. In comparison to the excluded configurations, these molecules were the most strongly adsorbed and
the least mobile on this substrate.
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FIGURE S 1. Constant-height AFM images of (1S)-camphor on Cu(111). nc-AFM constant-height images of different
(1S)-camphor molecules recorded with a CO-terminated tip. The target molecules selected for this study were selected from
this set based on amplitude stability and molecule configuration stability during scanning. Scale corresponds to 5 Å.
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AFM IMAGES ANALYSIS

All the images used for the bright elongated features (BEFs) measurements using Gwyddion and the statistical
analysis are shown in Figures S2–S5 for the experiments and Figures S6–S9 for the simulations. We looked at
the arithmetical mean, standard deviation (σ), linear fit of the slope depending on the height of the scan (β) and
standard error for the fitted trend (SE). Negative trend of β means that distances or angles are growing as the tip
is approaching the molecule, and vice versa. The results of the analysis are shown in Tables SI and SII. Only the
main angles and distances (no. 1) are presented in Table 1 in the main text.

FIGURE S 2. Constant-height AFM images of (1S)-camphor on Cu(111) - Structure E1. AFM constant-height
images of a single (1S)-camphor molecule recorded with a CO-terminated tip at multiple z heights. The red lines with numbers
are showing the Gwyddion measurements, used for angle and distance analysis. Scale corresponds to 5 Å.

TABLE S I. Results of statistical analysis on Gwyddion measurements of the BEFs in the experimental AFM
images. Arithmetic means of angle (θ) and distance (d) in the stack of images. Standard deviation (σX) of quantity X. Slope
of linear regresion fitting (βX) of quantity X. Standard error for the fitted trend (SEX) of quantity X.

measurement no. θ (◦) σθ (◦) βθ (◦ Å−1) SEθ (◦ Å−1) d (Å) σd (Å) βd (Å Å−1) SEd (Å Å−1)
E1
1 7.8 3.3 -6.1 1.6 2.74 0.24 -0.30 0.17
2 33.0 1.2 2.7 1.2 2.81 0.21 -0.33 0.30

E2
1 27.4 4.4 9.2 3.2 3.55 0.26 -0.51 0.20
2 10.8 5.4 14.5 5.1 2.62 0.46 -1.60 0.21

E3
1 38.1 3.2 3.0 3.0 3.77 0.24 -0.04 0.24

E4
1 13.8 4.1 -7.6 3.1 4.00 0.27 -0.62 0.13
2 0.6 4.7 -7.3 4.0 1.46 0.41 -0.88 0.24
3† 37.1 1.2 1.3 6.6 2.80 0.22 1.00 1.00

† very wide feature - the angle is not well defined
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FIGURE S 3. Constant-height AFM images of (1S)-camphor on Cu(111) - Structure E2. AFM constant-height
images of a single (1S)-camphor molecule recorded with a CO-terminated tip at multiple z heights. The red lines with numbers
are showing the Gwyddion measurements, used for angle and distance analysis. Scale corresponds to 5 Å.

FIGURE S 4. Constant-height AFM images of (1S)-camphor on Cu(111) - Structure E3. AFM constant-height
images of a single (1S)-camphor molecule recorded with a CO-terminated tip at multiple z heights. The red lines with numbers
are showing the Gwyddion measurements, used for angle and distance analysis. Scale corresponds to 5 Å.
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FIGURE S 5. Constant-height AFM images of (1S)-camphor on Cu(111) - Structure E4. AFM constant-height
images of a single (1S)-camphor molecule recorded with a CO-terminated tip at multiple z heights. The red lines with numbers
are showing the Gwyddion measurements, used for angle and distance analysis. Scale corresponds to 5 Å.

FIGURE S 6. Simulations of AFM images above the A1 structure for all heights that were important for our
analysis. The red lines with numbers are showing the Gwyddion measurements, used for angle and distance analysis. The
number at the top is the height above the highest atom of the calculated structure. Bottom right: The top view of the A1
structure showing area of 6.85×6.85 Å
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FIGURE S 7. Simulations of AFM images above the A2 structure for all heights that were important for our
analysis. The red lines with numbers are showing the Gwyddion measurements, used for angle and distance analysis. The
number at the top is the height above the highest atom of the calculated structure. Bottom right: The top view of the A2
structure showing area of 6.85×6.85 Å

FIGURE S 8. Simulations of AFM images above the A3 structure for all heights that were important for our
analysis. The red lines with numbers are showing the Gwyddion measurements, used for angle and distance analysis. The
number at the top is the height above the highest atom of the calculated structure. Bottom right: The top view of the A3
structure showing area of 6.85×6.85 Å



7

FIGURE S 9. Simulations of AFM images above the A4 structure for all heights that were important for our
analysis. The red lines with numbers are showing the Gwyddion measurements, used for angle and distance analysis. The
number at the top is the height above the highest atom of the calculated structure. Bottom right: The top view of the A4
structure showing area of 6.85×6.85 Å

TABLE S II. Results of statistical analysis on Gwyddion measurements of the BEFs in the simulated AFM
images. Arithmetic means of angle (θ) and distance (d) in the stack of images. Standard deviation (σX) of quantity X. Slope
of linear regresion fitting (βX) of quantity X. Standard error for the fitted trend (SEX) of quantity X.

measurement no. θ (◦) σθ (◦) βθ (◦ Å−1) SEθ (◦ Å−1) d (Å) σd (Å) βd (Å Å−1) SEd (Å Å−1)
A1
1 27.9 1.5 1.1 1.4 2.76 0.33 -0.57 0.27
2 57.9 1.1 1.1 3.3 3.58 0.11 -0.42 0.20
3 54.8 3.9 13.9 7.7 3.44 0.06 0.23 0.16
4 0.6 1.0 4.6 2.3 3.36 0.11 -0.48 0.27

A2
1 3.0 2.3 -0.3 2.4 3.82 0.34 -0.40 0.31
2 1.4 3.8 22.9 4.1 3.40 0.13 -0.73 0.21
3 3.3 1.7 4.7 5.7 3.44 0.11 -0.62 0.15

A3
1 29.1 1.6 0.5 1.6 4.04 0.28 -0.01 0.28
2 58.4 1.5 4.3 1.7 3.07 0.67 -2.45 0.48
3 58.3 1.2 6.3 2.1 1.63 0.80 -5.07 0.14

A4
1 23.7 4.7 0.3 4.7 3.16 0.38 -1.01 0.18
2 57.4 1.6 3.3 1.5 1.85 0.38 -1.02 0.27
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MODEL STRUCTURES A1–A4, CALCULATED WITH MANY-BODY DISPERSION AND HSE
EXCHANGE-CORRELATION FUNCTIONAL

TABLE S III. Comparison of Tkatchenko-Scheffler (TS) and many-body dispersion (MBD) methods with model
structures A1–A4 using PBE. Adsorption energy (E), change in adsorption energy with respect to the global minimum
structure (∆E), height of the molecule from the surface (h, measured with respect to the center of the molecule), mean deviation
of bond lengths of the molecule (MDBL, comparing TS with MBD), and root-mean square-deviation of atomic positions (RMSD,
comparing TS with MBD). With PBE+MBD, the adsorption energies are consistently ca. 20% lower than with PBE+TS,
which follows the trend observed in previous studies (see e.g. Maurer et al., J. Chem. Phys. 143, 102808 (2015)).

ETS [eV] EMBD [eV] ∆ETS [eV] ∆EMBD [eV] hTS [Å] hMBD [Å] MDBL [Å] RMSD [Å]
A1 -1.022 -0.841 0 0 4.13 4.19 0.00068 0.036
A2 -1.008 -0.837 +0.014 +0.004 4.38 4.46 0.00076 0.199
A3 -1.005 -0.834 +0.017 +0.007 4.13 4.20 0.00079 0.254
A4 -0.932 -0.812 +0.090 +0.030 4.42 4.47 0.00061 0.031

TABLE S IV. Comparison of PBE and HSE functionals with model structures A1–A4 using TS. Adsorption
energy (E), change in adsorption energy with respect to the global minimum structure (∆E), height of the molecule from the
surface (h, measured with respect to the center of the molecule), mean deviation of bond lengths of the molecule (MDBL,
comparing PBE with HSE), and root-mean square-deviation of atomic positions (RMSD, comparing PBE with HSE).

EPBE [eV] EHSE [eV] ∆EPBE [eV] ∆EHSE [eV] hPBE [Å] hHSE [Å] MDBL [Å] RMSD [Å]
A1 -1.022 -0.997 0 +0.003 4.13 4.13 0.00645 0.023
A2 -1.008 -1.000 +0.014 0 4.38 4.38 0.00647 0.024
A3 -1.005 -0.992 +0.017 +0.008 4.13 4.12 0.00642 0.020
A4 -0.932 -0.910 +0.090 +0.089 4.42 4.43 0.00641 0.034


