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See video

Figure S1: Evolution of the structures of methyl thiolate on Cu(100) as it evolves from the
reactant to the transition state to initiate C—S bond scission.

See video

Figure S2: Movies of the evolution in the initial (Left) and transition-state (Right) structures of
methyl thiolate compressed by hydrogen-terminated Cu(100) slabs as they are brought closer
together. The energy versus distance profiles are used to calculate the normal-stress dependent
reaction rates.

1. Atomic Coordinates for the Compression of Methyl Thiolate Species on Cu(100)
VASP POSCAR file: Initial coordinates for compression — (8.5 Angstrdm slab separation)
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2. Background Subtraction in the Calculations of the Energy versus Slab Separation
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Figure S3: Plot of the calculated energy versus distance
for the compression of a methyl thiolate overlayer on
copper before background subtraction to remove the
long-range interactions.

After calculating the energies of the relaxed, lowest-energy configurations to provide an initial
plot of the energies of the initial and transition states as a function of slab separation, a set of
single-point calculations are performed to determine the size of the long-range interactions
between the slabs as a basis for removing these values from the total energy. These interactions
consist of (i) the interaction of the adsorbate with the top slab and (i) the interaction between the
two slabs.
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Figure S4: Diagram depicting the procedure for determining the
strength of the interaction between the adsorbate and top slab.
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(1) Adsorbate — top slab interactions. This subtraction is depicted schematically in Figures S5. In
the first step, the bottom slab is removed from the relaxed structure to leave only a top slab and
the adsorbate. The energy is then calculated for the frozen optimized structures to calculate the
energies of:

1) The top slab + adsorbate.

2) The top slab alone (this calculation needs only to be performed once since energy is

constant for all structures since these atoms are frozen during relaxation).
3) The adsorbate alone.

The interaction energy is then calculated from:
E(adsorbate - top slab interaction) = E(top slab + adsorbate) - E(top slab) - E(adsorbate)

The results are summarized in Figure S5.

Adsorbate-Top slab Interaction

0.3
0.2
0.1

0.1 /

0.2 ® TS
-0.3 IS
-04

-0.5 ¢

-0.6

4 6 8 10

Slab Separation \ Angstroms

Interaction Energy \ eV
S

Figure S5: Energies of the adsorbate-top slab interaction as a function
of slab separation for the transition (blue) and initial states (grey).
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Figure S6: Diagram depicting the procedure for determining the
strength of the interaction between the slabs.
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(i1) Slab — slab interactions: The procedure is illustrated schematically in Figure S7. The
adsorbed overlayer is removed from the relaxed structures to provide clean slabs and the
following energies are calculated of each structure without allowing the positions of the atoms to
relax to calculate the energies of:

1) The top and bottom slab

2) The top slab alone (again, this energy is identical for all calculation)

3) The bottom slab alone

The energy of the interaction is then calculated from:
E(slab - slab interaction) = E(top slab + bottom slab) - E(top slab) — E(bottom slab)

The results are summarized in Figure S7.
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Figure S7: The strength of the slab-slab interaction for the transition
state (blue) and initial state (grey).

3. Calibration of Normal Stresses and Reaction Rates. The normal stresses were measured
from the ratio of the normal force exerted by the atomic force microscope (AFM) tip divided by
the area of the contact. The contact area was obtained from the width of the impression formed
by the mechanochemical reaction, which was measured from images collected using the same
AFM tip as that used to initiate the reaction, which has an approximately 80 nm diameter,
collected at low, non-perturbative loads either from the width of the indent formed on the methyl
thiolate overlayer ! or the width of the wear track formed by sliding.? Both sets if data lay on the
same curve. Since the resulting image is a convolution of the tip profile with the profile of the
indent, the measured widths were divided by a factor of V2 to take account of the tip size on the
image. The results were summarized in a single plot of contact width versus force on the AFM
tip, and the results were in reasonable agreement with a JRK contact model.’ However, the
experimental values were fit to an allosteric function to provide a simple analytical formula for
the contact width that was used to calculate the contact area. The normal force was measured
from the voltage applied to the piezo tubes in the RHK AFM and converted to a distance using a
sensitivity factor of 2.1 £ 0.2 mV/nm measured during the approach of the tip to the surface. This
value was assumed to be constant for all experiments. However, the range over which this was
calibrated was less than the range of applied voltage and may therefore give deviations from the
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true force at high loads.* Because the measured cantilever tilt angle in the RHK AFM is ~22.5°, a
tilt correction was applied as suggested by Hutter 3 using the values of the length of the
cantilever and the length of the tip, obtained from a scanning electron microscope image. These
values were used to calculate the normal stress at the center of the contact, which is where the
reaction rate was measured. The reaction rate was measured from the depth at the center of the
indent as described previously, ! where the indent ceases to grow at a depth that corresponds to
the approximate thickness of the methyl thiolate overlayer (Figure S8).
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Figure S8: Plot of the indentation depth as a function of contact time
for the compression of a methyl thiolate overlayer on Cu(100) for a
normal contact stress of 0.22 GPa. The images of the indents are
shown in the figure. A fit to the data gives a first-order rate constant
of 4.5x104 s,
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