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SI1. Independence of voltage polarity on the observed final state preference 

The same qualitative results for switch rate and conductance state preference are obtained 
at positive and negative tunneling voltages, as shown in Figure S1. The maps acquired at +0.43 
and –0.43 V show that the switch rate and state preference are qualitatively unaffected by 
polarity. Theoretical charge density plots of a single AP molecule adsorbed on Cu(110) using 
the same voltage parameters as the experimental ones are also shown in Figure S1. These 
plots indicate minor changes between the density distribution for the same iso-surfaces at 
both negative and positive biases. The fact that the polarity plays no role in determining the 
final tautomeric state indicates that the electric field induced by the STM tip plays no major 
role in inducing local modifications to the potential energy landscape governing the switching 
process, i.e. the molecular bistability is preserved. 
 

 
 
Figure S1: Switch rates, current state preferences, and electronic structure. Two dimensional switch 
rate maps of AP molecules on Cu(110) measured at negative (a, V = –0.43 V) and positive (b, V = +0.43 
V) voltages. Current state preference maps acquired at negative (c, V = –0.43 V) and positive (d, V = 
+0.43 V) voltages. DFT charge density iso-surfaces for the sum of the bands at 0.43 eV below (e, in 
red) and above (f, in blue) the Fermi level of the AP/Cu(110) system. 
 
 
  



SI2. Complete switching mechanism 

As discussed in the main article, the fact that the electron excitation of the AP molecule can 
be localized at will (by controlling the STM tip position) allows for a selective activation of one 
tautomeric proton rather than the other. Furthermore, the fact that one intermediate state 
(inter 1, with a barrier of 384 meV) is energetically more accessible than the other (inter 2, 
474 meV) leads to asymmetric forward and backward reaction probabilities. This is 
rationalized using Figure S2, which shows four sketches (two of which are also reported in 
Figure 4) illustrating the reaction pathway from an initial state 0 to a final state 1 via the two 
possible intermediates inter 1 and inter 2. The colored circles represent the locations of a 
continuous electron injection over the molecule.  
 
Starting from Figure S2a, we see that preferential activation and transfer of the proton 
nearest to the injection location yields the favorable inter 1 intermediate. The same excitation 
conditions will be less conducive in activating the farther proton which, moreover, transfers 
to an energetically lesser accessible inter 2 intermediate. Hence, the tautomeric reaction from 
state 0 to state 1 proceeds more effectively through inter 1 (followed by the subsequent 
transfer of the second proton). Most importantly, once state 1 is realized, the same excitation 
conditions are now more prone to activating the closest proton which transfers to the 
energetically costly inter 2 intermediate. On balance of both forward (more probable) and 
backward (less probable) reactions, one therefore concludes that continuous electron 
injection at the location indicated in Figure S2a will predominantly result in a long-lived state 
1 and a short-lived state 0. That is, the final reaction state is most certainly state 1, irrespective 
of initial state.  
 
If the electron injection is relocated symmetrically across the principal axis (red dashed line) 
as indicated in Figure S2b, we expect from the experimental data shown in Figure 2e that the 
most probable reaction outcome becomes state 0. This is indeed demonstrated in Figure S2b: 
the forward (state 0 → state 1) and backward (state 1 → state 0) reactions involve the 
unfavorable inter 2 and favorable inter 1 intermediates, respectively.  Hence, state 0 will 
prevail.  
 
If the electron injection is as illustrated in Figure S2c, we realize that the forward and 
backward reactions involve the favorable inter 1 and unfavorable inter 2 intermediates, 
respectively. In this case, state 1 will prevail, as expected from the experimental data shown 
in Figure 2e. 
 
If the electron injection is located in the bottom quadrant (as shown in Figure S2d), it becomes 
obvious that the forward and backward reactions involve the unfavorable inter 2 and 
favorable inter 1 intermediates, respectively. In this case, state 0 will prevail, as expected from 
the experimental data shown in Figure 2e. 
 
Finally, as noted earlier, electron injection on the principal axis leads to equally probable final 
state results. Indeed, inspection of Figure S2 shows that in this case that both protons are 
equally subjected (due to equal distance) to the excitation, irrespective of the molecular state 
(0 or 1). Hence the forward and backward reactions (transiting through inter 1 in each case) 
become equally probable.  
 



 

 
 
Figure S2: Complete interpretation of the final state control for AP/Cu(110). Chemical structures of 
all molecular states (initial, final, and non-degenerate intermediates) involved in the tautomeric 
reaction of AP adsorbed on the Cu(110) surface. The various arrows refer to the possible 
transformation pathways, and their length is indicative of the reaction probability. Green arrows 
represent the preferentially activated movement of a tautomeric hydrogen leading to the most 
favorable intermediate (inter 1) state. Red arrows represent the movement of a tautomeric hydrogen 
leading to the thermodynamically unfavoured intermediate (inter 2) state. The preferred final state is 
highlighted by a squared box in black. (a) A continuous electron excitation delivered at the location 
indicated by the yellow disk will induce asymmetric forward and backward reactions, yielding a 
prevalence of state 1 over state 0. (b) A continuous electron excitation delivered at the location 
indicated by the blue disk will induce asymmetric forward and backward reactions, yielding a 
prevalence of state 0 over state 1. (c) A continuous electron excitation delivered at the location 
indicated by the blue disk will induce asymmetric forward and backward reactions, yielding a 
prevalence of state 1 over state 0. (d) A continuous electron excitation delivered at the location 
indicated by the yellow disk will induce asymmetric forward and backward reactions, yielding a 
prevalence of state 0 over state 1. 

 


