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Supplementary Note 1. NEB calculations of neutral and anionic systems 

Supplementary Figure 7 shows the geometry of the fragments of the structure after the 

debromination used in ORCA. As can be seen in the energy barrier calculated at the PBE 

level, the relative total energies of the extremes of the reaction 2 → 3 are nearly the same 

as the ones obtained considering the whole system on a surface, indicating that only the 

fragments used here are enough to characterize the rearrangement of the rings. Initially, the 

diradical is around 0.5 eV higher in energy than the dehydroazulene. Upon charging the 

fragments with one extra electron, no significant changes in the geometry of either the 

diradical or the dehydroazulene are observed. However, the reaction is inverted, with the 

dehydroazulene-1 nearly 90 meV higher in energy than the diradical-1. The same behavior 

is observed in the energy barriers calculated with B3LYP, although the diradical has shown 

to be more stable in relation to the dehydroazulene in comparison with PBE, and the 

barriers are slightly higher for both neutral and anionic systems.  

In a simple picture, without consideration of the full dynamics of the electron, when the 

molecule is charged e.g. due to interactions with the tip, the diradical stays temporarily 

energetically favored before the electron transitions into the substrate. Since the barrier is 

higher for the anionic molecules, they remain in the diradical form as long as the electron 

stays, supporting the fact that it is possible to observe them in experiments.  

 
 
Supplementary Note 2. DFT calculations of the diradical and Singlet-triplet energy 

gap 

Single determinant methods such as DFT when applied to open shell systems with two 

unpaired electrons gives the following broken-symmetry (BS) solution  

|ψBS⟩=|↑↓⟩.                                                             (1) 

However, the true antiferromagnetic ground state (LS) is the multireference singlet state:  

|ψLS⟩=
1

√2
(|↑↓⟩  −  |↓↑⟩).                                                 (2) 

And the high-spin (HS) states are the three degenerate triplet states: 

|ψHS
1 ⟩ =

1

√2
(|↑↓⟩ + |↓↑⟩),                                               (3) 

 |ψHS
2 ⟩ = |↑↑⟩                                                          (4) 

and 
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|ψHS
2 ⟩ = |↓↓⟩.                                                      (5) 

The renormalized BS solution given by DFT can be written as a linear combination of the 

singlet and triplet state, 

|ψBS ⟩ =  
1

√2
(|ψLS⟩ +  | ψHS

1 ⟩),                                    (6) 

which has the corresponding electronic energy: 

𝐸BS =
1

2
(⟨ψLS|𝐻|ψLS⟩ + ⟨ψHS

1 |𝐻|ψHS
1 ⟩) =  

1

2
(𝐸LS + 𝐸HS).                (7) 

Therefore, the correct singlet ⇒ triplet gap 𝛥𝐸ST = 𝐸LS −𝐸HS can be written in terms of 

the total energies of the BS and HS states given by DFT as 

∆𝐸ST = 2(𝐸BS − 𝐸HS).                                            (8) 

 
 
Supplementary Note 3. Molecular orbitals and vibrational modes 

In order to study the diradical and its properties in detail, we performed calculations using 

only a fragment of the ribbon system that stands out from the plane. The dangling bonds 

left after extracting the fragment were passivated with H atoms, and only this portion was 

enough already to reproduce the spin density of the complete system as well as the singlet-

triplet energy gap with the same functional. Molecular orbitals, energy levels and 

vibrational modes were obtained using the B3LYP functional, which includes a fraction of 

exact exchange to the DFT exchange-correlation functional in order to improve the 

description of the electronic properties. Selected molecular orbitals and energy levels are 

shown in Supplementary Figure 10. In Tab. 1 is shown the frequencies of some vibrational 

modes of the diradical fragment. Not all vibrational modes can be used to represent the true 

system, since only a fragment was used. A tag named “relevant” was then attributed to 

each node, with “yes” meaning that only atoms far from the passivated parts of the fragment 

participate effectively in the specific vibration. Another tag was attributed to each mode 

concerning the symmetry of the vibration in the plane of the diradical fragment. “Sym” 

means that the mode is symmetric in relation to the center of the molecule, whereas “ant” 

means that the mode is antisymmetric and “out” means that the mode has out-of-plane 

components. To illustrate some relevant modes, four selected modes are shown in 

Supplementary Figure 12, where the arrows indicate the direction of movement of each 

atom.  
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Supplementary Note 4. XXZ model 

The feature at ±150 meV in the dI/dV signal could also be attributed to further spin-splitting 

excitations due to anisotropy in the system. We then have made use of the Python library 

dmrgpyS1 to compute the eigenvalues of the Heisenberg Hamiltonian with the anisotropic 

term (J+Jz)S1
zS2

z. The top panel of Supplementary Figure 11 shows the evolution of the 

splitting as 𝐽𝑧  changes in relation to 𝐽, until the 𝑆1
𝑧𝑆2

𝑧 vanishes completely. The bottom 

panel of Supplementary Figure 11 shows the simulated dI/dV spectra for selected values of  

𝐽𝑧 revealing that the second step could be associated with another spin-spliting excitation. 

We stress here, however, that the anisotropy associated to the C atoms is less than 1% of 

𝐽 =100 meV, whereas around 70% of 𝐽 would be necessary to reproduce the experimental 

data, further confirming that the step is in fact associated with vibrational excitations.  
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Supplementary Figure 1. A series of tip-induced debromination on 3D-OMC on 

Ag(111). (a)-(f) The tip-induced debromination sites are indicated by crosses. The 

debromination process induces repositioning of the Br atom to the adjacent radical site as 

indicated by an arrow. Measurement parameters: V = 1.0 V and I = 5 pA. 
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Supplementary Figure 2. Electric properties of the units before and after 

debromination. (a) Constant-height dI/dV map of the intact and fully-debrominated units 

on Ag(111) and (b,c) their close views. Note that the tip was set closet to the surface to 

(d,e) Two-dimensional dI/dV maps of the intact and fully-debrominated units, taken along 

I-II and III-VI lines, respectively. Measurement parameters: V= 1.5 V in (A), V=-1.8 V in 

(b,c).  Vac = 10mV and f = 512 Hz in (a-e). 
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Supplementary Figure 3. Comparison of the calculated properties of OMC and GNR 
model molecular structures adsorbed on the Ag(111) substrate. Constant height 
simulated STM images for (a) OMC and (b) GNR. Charge density isocontour at 0.16 eÅ-3 
associated with gap states (-0.2 to 0.6 eV) for (c) OMC and (d) GNR, as shown in the (e) 
Density of States plot. Purple, green, white, and gray balls in (c,d) correspond to Br, C, H, 
and Ag atoms.  
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Supplementary Figure 4. Calculated properties of the diradical on the Ag(111) 

surface. (a) Atomic structure. Predicted constant height STM images at bias voltages of 

(b) -1.8 V and (c) +1.8 V. (d) Projected Density of States.  
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Supplementary Figure 5. Infrequent change of the diradical unit. (a) STM topography 

of the fully-debrominated units in the 3D-OMC formed on Au(111). The contrast of the 

unit at the terminus differed from those of other units.  (b-d) A series of constant height 

dI/dV maps measured with a bias voltage of -1.75 V at different heights. The tip-sample 

distance in C is closer than that in B by 50 pm and further than that in D by 60 pm. The 

contrast of the fully-debrominated unit at the terminus was switched to the one, which is 

the same as the other. Once switched, no reverse switch was caused even upon setting the 

tip closer to the molecule. Since the contrast of the unit indicated by an arrow in B is the 

same as that of diradical obtained with DFT calculations in Supplementary Figure 4, the 

unit corresponds to the diradical species. Measurement parameters: V = -2.0 V and I = 5 

pA in (a) and V = -1.75 V in (b-d).  Vac = 10mV and f = 512 Hz in (b-d). 
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Supplementary Figure 6. Preparation of the breadboard for 8-bit ascii code. (a) Large-

scale STM topography of a 3D-OMC formed on Ag(111). (b-l) A series of constant-height 

current maps taken during the tip-induced debromination and (m-p) the tip-induced 

isomerization. The image sizes of (b-p) are 12.1 nm × 2.2 nm. The code was set to 0000 

0000 in (p). Measurement parameters: V= -2.0 V.  

 

 

Supplementary Figure 7. (a) Geometry of the neutral and anionic fragments relaxed at 

the B3LYP level. (b) Energy barriers of the reactions 2 → 3 and 3-1 → 2-1 calculated at 

two different levels PBE and B3LYP.  
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Supplementary Figure 8. Electronic properties of the diradical unit. (a) dI/dV 

measured. (b) dI/dV maps measured at -1.8 B, (c) at -1.4 V, and (d) 1.8 V. Measurement 

parameters, Vac = 10 mV in (a) and Vac = 5mV in (b-d), and f = 512 Hz. 

 

 

 
Supplementary Figure 9. Scanning tunneling spectroscopy of the diradical unit. 

Differential conductance and second derivative curves. Measured parameters: Vac= 2 mV 

and f = 512 Hz.  
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Supplementary Figure 10. Molecular orbitals of the singlet and triplet states of the 

diradical structure. Green and white balls correspond to C and H atoms. 
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Supplementary Figure 11. Evolution of the splitting as the anisotropic term 𝑱𝒛 . (a) 

Evolution of the energy levels and (b) dI/dV simulations of the XXZ model in respect to 

the anisotropic term 𝐽𝑧. In the calculations, we considered 𝐽 =1.  
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Supplementary Figure 12. Example of relevant vibrational modes.  The arrows indicate 

the displacement of the atoms in the vibrational mode. The numbers correspond to the 

nodes of the vibration indicated in Supplementary Table 1. 
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