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1. Supplementary Note 1 

Analysis of single-molecule connection: As presented elsewhere1–3, the number of 

junctions that contribute to charge transport can be carried out by calculating the 

probability of the connected devices with n–rejoined junctions (Gn) with the binomial 

distribution and the optimized connection yields:  

𝐺n =
𝑚!

𝑛! (𝑚 − 𝑛)!
𝑝𝑛(1 − 𝑝)𝑚−𝑛               𝑛 = 0, 1, 2 ···, 𝑚 

Supplementary Equation 1 

where m is the number of graphene point contact pairs (210 in the current case) and p 

is the probability of successful connection for a random junction. Therefore, the 

possibility of connected junction γc can be attained: 

𝛾
𝑐

= 1 − 𝐺0 = 1 −
𝑚!

0! (𝑚 − 0)!
𝑝0(1 − 𝑝)𝑚 = 1 − (1 − 𝑝)𝑚 

                                    Supplementary Equation 2 

where G0 is the probability of devices without any connected junctions. In our 

experiments, ~5% junctions show successful connection of molecules and the 

corresponding possibility of successful connection for each contact pairs (p) is 0.05/m. 

Then, the ratio of single–junction devices to the overall reconnected devices is ~97.5%. 

These results from calculations suggest that, in most cases, charge transport in these 

devices arises mainly in a single–molecule junction. 
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2. Supplementary Figures 1–14 

 

Supplementary Figure 1  I–V curves before (red) and after (black) oxygen 

plasma etching. The gate voltage is 0 V. 
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Supplementary Figure 2  The procedure to connect individual TTDAs with 

graphene electrodes in two steps. 
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Supplementary Figure 3  I–V curves of a device at different stages: nanogapped 

graphene (black solid line), p-phenylenediamine-connected graphene (blue dash line) 

and TTDA-connected graphene (green solid line). The gate voltage is 0 V. 
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Supplementary Figure 4  The procedure to connect individual control terphenyl 

molecules with graphene electrodes in two steps. 
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Supplementary Figure 5  I–V curves of a control device at different stages: 

nanogapped graphene (black solid line), p-phenylenediamine-connected graphene (blue 

dash line) and control molecule-connected graphene (red solid line). The gate voltage 

is 0 V. 
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Supplementary Figure 6  Dipole properties of a phenyl-TTDA-phenyl molecule 

with trans and cis conformations. 
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Supplementary Figure 7  Density of scattering state distribution for p-HOMO 

and p-LUMO of a TTDA single-molecule junction with trans and cis forms at the zero 

bias voltage. 

 

 

Supplementary Figure 8  The calculated bias voltage-dependent electrical 

potential energy differences between trans and cis forms of a phenyl-TTDA-phenyl 

molecule. The gate voltage is 0 V. 
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Supplementary Figure 9  Another six working devices based on TTDA, showing 

the isomerisation of azobenzene under negative or positive bias voltages due to the 

orientation alignment of the azobenzene sidegroup relative to graphene source and drain 

electrodes in comparison with what is presented in Figs. 5d and 5e. The gate voltage is 

0 V. 
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Supplementary Figure 10  Kinetic analysis. I–t curve (black) of a GMG-SMJ at Vd 

= –0.15 V and 160 K and the idealised fit (red) obtained from a segmental k-means 

method based on the hidden Markov model analysis by using a QUB software. The gate 

voltage is 0 V. 
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Supplementary Figure 11  I−V characteristics for a control terphenyl single–

molecule junction at different temperatures. The gate voltage is 0 V. 
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Supplementary Figure 12  I-t characteristics of control terphenyl molecular 

junctions at different bias voltages. The time-trace currents were carried out at 160 

K. Bias voltages were set as 0.20 V, 0.10 V, 0.05 V, ‒0.05 V, ‒0.10 V, ‒0.20 V from a 

to f. The right panels are the corresponding current histograms. 
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Supplementary Figure 13  I–t characteristics of control terphenyl molecular 

junctions under sequent illumination. A small positive voltage of 0.01 V was adopted 

to measure the real–time currents. No switching was observed for the control molecule 

without the substituted azobenzene sidegroup. 

 

Supplementary Figure 14  Memory effect based on voltage-induced 

isomerisation in another device. A small positive voltage of 0.01 V was used to 

supervise the conductance state and large voltages was used to trigger the isomerisation. 
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3. Supplementary Tables 1–4 

Supplementary Table 1  Current statistics for both trans and cis isomers and the 

switching ratio. NA, not applicable. 

Vd (V) Itrans (nA) Icis (nA) Icis/ Itrans 

‒0.05 ‒0.59 ‒1.45 2.46 

‒0.10 ‒1.40 ‒3.41 2.44 

‒0.15 ‒2.53 ‒5.89 2.33 

‒0.20 ‒4.39 ‒8.78 2.00 

‒0.30 NA ‒18.86 NA 

 

Supplementary Table 2  Kinetic parameters of stochastic switching at different 

bias voltages. NA, not applicable. 

Bias Voltage 
Occurrence ratio (%) 

<τLow> (ms) <τHigh> (ms) 
low state high state 

‒0.05 V 95% 5% 842.37 24.13 

‒0.10 V 70% 30% 142.39 47.31 

‒0.15 V 20% 80% 52.90 74.06 

‒0.20 V 12% 88% 8.50 95.11 

‒0.30 V 0% 100% NA NA 
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Supplementary Table 3  Summary of the resistance values of rejoined junctions 

based on TTDA. Devices 1-7 showed the electric field-induced switching while 

Devices 8-9 failed. 

Device number 
Current  

(nA)a 

Molecular 

resistance (MΩ)b 

Molecular 

conductance 

 (10−4 × G0) 

1 62.85 7.96 16.22 

2 32.97 15.17 8.51 

3 29.58 16.90 7.63 

4 25.25 19.80 6.52 

5 592.30 0.84 152.85 

6 83.86 5.96 21.64 

7 12.98 38.53 3.35 

8 109.43 4.57 28.24 

9 140.52 3.56 36.26 

aThe current values are obtained by averaging the data from I-V curves at source-drain 

bias voltages of 0.5 V and −0.5 V. bThe molecular resistances are obtained from the 

whole resistances of the rejoined devices subtracted by those of the pristine graphene 

devices before cutting. 
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Supplementary Table 4  Summary of the resistance values of rejoined junctions 

based on the control terphenyl molecule.  

Device number 
Current  

(nA)a 

Molecular 

resistance (MΩ)b 

Molecular 

conductance 

(10−4 × G0) 

1 6.85 72.99 1.77 

2 43.39 11.52 11.20 

3 81.69 6.12 21.08 

4 80.61 6.20 20.81 

5 35.06 14.26 9.05 

6 61.09 8.18 15.77 

7 68.00 7.35 17.55 

aThe current values are obtained by averaging the data from I-V curves at source-drain 

bias voltages of 0.5 V and −0.5 V. bThe molecular resistances are obtained from the 

whole resistances of the rejoined devices subtracted by those of the pristine graphene 

devices before cutting. 
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