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1. Measurement setup and the separation of the electrode pair 

The mechanically controllable break junction (MCBJ) technique is employed to fabricate 

the initial metallic electrode pairs. Herein, a continuous light source (He-Ne laser) is in-

tegrated into the MCBJ setup as an external stimulation, which is focused on the metallic 

electrode gap by a converging lens. In Fig. S1, a pure gold wire with a constriction 

notched by a scalpel was fixed on the top of a polyimide coated spring steel and mounted 

in a three-point bending configuration. The gold wire was elongated and then broken by 

mechanical bending of the spring steel substrate, and thus clean fracture surfaces were 

generated. We recorded the electrode evolution of the first break of a notched gold wire 

by SEM images. During the stretching process, it could be found that the notched gold 

wire became narrower due to the mechanical force. 

 

Fig. S1 | Measurement system and the generation of pair of electrodes. a Schematic of the MCBJ 

device combined with focused laser light. b The evolution of the bending substrate (bottom panel), the 

SEM false-color images of the gold electrodes taken during separation (middle panel, scale bar: 2 

µm), and magnified area of the electrode (top panel, scale bar: 10 µm). 

 

 

 



 

2. Individual conductance traces with and without illumination 

Regardless of the illumination condition, the pure gold conductance displayed integer 

multiple G0 steps before final break, see Fig. S2. The conductance histogram built based 

on these conductance traces (~500 curves for each histogram) shows that there are no es-

sential differences in the conductance peaks no matter the junctions are illuminated or 

not, see Fig.1a and 1b in the main text. 

 

Fig. S2 | Individual conductance traces recorded during the electrodes separation without (a) and 

with (b) illumination. Multiple G0 steps before final break was observed for both of the conditions. 

3. UV-Vis and fluorescence spectrum of the target molecule 

As mentioned in the main text, one possible source of for photoconductance enhancement 

is optical absorption of the molecule. It has been previously reported that the triphenyla-

mine-based derivatives usually have strong UV-Vis absorption bands with peaks at 

around 299-351 nm.1 The UV-Vis spectrum of N, N, N′,N′ -tetraphenylbenzidine (TPB) 

by density functional theory (DFT) calculation with Gaussian 09 Package2 also shows 

absorption peaks wavelength less than 446.89 nm, see Fig. S3a.  The absorption wave-

length of the molecule is far away from our used wavelength in lab, indicating that opti-

cal absorption should not the main reason for the conductance enhancement. 

Another possible source of photoconductance enhancement is the fluorescence effect, we 

therefore measured the fluorescence spectrum of TPB on a glass substrate with a 

632.8 nm optical source, and the data are shown in Fig. S3b. Comparing these two 



 

curves, we did not find any discrete fluorescence peaks except some cosmic ray peaks, 

which means no fluorescence effect existing under 623.8 nm wavelength illumination. 

 

Fig. S3 | UV-Vis and fluorescence spectrum of the target molecule. a UV-Vis spectrum of 

N,N,N′,N′-tetraphenylbenzidine. The curve indicates the absorbance for per unit length and unit con-

centration, and the blue bars express the probability of absorption of electromagnetic radiation in tran-

sitions between energy levels of the TPB molecule. b Fluorescence spectrum of N,N,N′,N′-

tetraphenylbenzidine. 

4. Imaging of nonlocal hot-electron dissipation 

Weng et al. successfully detected the spatial distribution of hot electrons in the junction 

by employing scanning noise microscope.3 They visualize hot electrons via shot noise by 

using a scattering type scanning near-field optical microscope (s-SNOM). Current fluctu-
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ations induced by nonequilibrium electrons generate fluctuating electromagnetic (EM) 

evanescent fields on the material surface. In their experiments, a sharp metal tip scatters 

the fluctuating EM evanescent fields to be collected by a confocal microscope and de-

tected with an ultrahighly sensitive sensor (charge-sensitive infrared phototransistor). 

Figure S4a shows the scheme of the experimental setup of scanning noise microscope. 

Figure S4b presents the SEM image of the nano-device with a constriction fabricated in a 

GaAs/AlGaAs quantum well. A representative experimental image of the hot electron dis-

tribution is shown in Fig. S4c. The curves show the change of the signal intensity with 

the tip height (Fig. S4d) and the source-drain bias (Fig. S4e).3 From the detailed 

knowledge of this study, we, therefore, draw a conclusion that the hot electrons can be 

spatially diffused by fluctuating EM evanescent fields. 

 

Fig. S4 | Imaging of nonlocal hot-electron distribution. a Schematic representation of the experi-

mental setup of scanning noise microscope. b SEM image of the nano-device with a constriction fab-

ricated in a GaAs/AlGaAs quantum well structure. c 2D real-space image of the near-field signal in-

tensity for 6 V bias. d Decay profile of the near-field signal with increasing the tip-height form 5 nm 

to 150 nm. e One dimensional profile of the near-field signal intensity in the y-direction. Reproduced 

with permission from Ref. 3, copyright 2018, AAAS.  
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5. Electric field strength and charge density in the nanogap 

We simulated the electric field strength of the electrode pairs from 0.5 nm to 4 nm gap 

size in COMSOL Multiphysics. The simulations have been performed with electromag-

netic waves frequency domain (ewfd) by employing the finite element method (FEM). 

Gaussian beam scattering field (632.8 nm) along z-axis was used to illuminate the Au 

electrode pairs on the top of a layer of polyimide, and the polarized direction is along the 

gold wire (x-axis), as shown in Fig. S5a inset. In all calculations, the boundary conditions 

were set to the perfectly matched layer. Figure S5a presents the electric field strength 

across the gaps for different gap sizes (along the central axis of the electrode pair), which 

demonstrated that the maximum electric field strength decreases as the gap size increases. 

Figure S5c-5j show the electric field strength distribution of the gap region with the gap 

size from 0.5 nm to 4 nm. The enhanced electric field mainly concentrates on the tip of 

the Au electrode pairs, which means the hot electrons generated by field enhancement 

also concentrate on the metal surface. Meanwhile, there is a sharp decrease in the electric 

field as the gap size increases, which means the decrease in the distribution of hot elec-

trons during the electrode separation process as well. Figure S5b shows the induced 

charge density on the left/right electrode surface due to the laser illumination. As we ex-

pected, the induced charge density of the tip, where the molecules and electrode interact, 

is highest.  



 

 

Fig. S5 | Electric field strength and charge density in the nanogap. a Electric field strength across 

the gaps for different gap sizes. Inset: metallic nanogap illuminated by gaussian beam wave with x-

axis polarized. b Light induced charge density on the metal surface for left/right electrode with 0.5nm 

gap size. Inset: induced charge density distribution of the gap region. (c-i) Electric field strength dis-

tribution of the gap region varied from 0.5 nm to 4 nm with a step size of 0.5 nm.  
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6. Ab-initio calculations 

After geometric optimizations, the transport characteristics were investigated by employ-

ing non-equilibrium Green’s function (NEGF) method in conjugation with density func-

tional theory (DFT) in TranSIESTA electronic transport package.4,5 As we mentioned in 

the main text, the charge transport properties for the junctions are dominated by lowest 

unoccupied molecular orbital (LUMO). Therefore, single-point DFT calculations were 

carried out after optimizing the Au-molecule-Au systems. No further geometric optimiza-

tion was attempted during single-point DFT calculations. Figure S6 show the wave func-

tion of LUMO within three different type of molecule junctions. It can be found that the 

wave functions for all of them are located on the molecular backbone instead of anchor-

ing groups despite the fact that sp2 hybridization shows better conjugated effect, which 

means the poor contribution of anchoring groups. However, for an sp3 hybridization an-

choring group, the electrode atoms connect with N atom directly, which decreases the 

length of the scattering region and thus enhances the conductance properties. 

 

Fig. S6 | Lowest unoccupied molecular orbitals for three typical structures. The wave functions of 

LUMO are shown in the gas phase together with their energy eigenvalues.  
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