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1. Comparison with other single-molecule approaches 

 

Optical methods are suitable for measuring fluorescent molecules or require 

fluorescent labelling (associated to this one needs to consider its spatial size 

(about 1 nm), quantum yield (> 20 %), excited state lifetime (< 5 ns), 

photobleaching (stability), blinking, spectral shifts1,2), and provide rich 

nanoscopic information by characterising the intensity (usually depending on 

the gain of the camera) variations of the fluorescence4 and emission spectrum3 

(usually 400−800 nm). The traditional optical microscopy is limited by the 

diffraction limit of light and provides an image of the microstructure with about 

200 nm resolution. The characterisation with single-molecule resolution was 

realised by the development of a super high-resolution microscopy including 

the hardware structure4,5 and imaging algorithm6. In addition, the time 

resolution is also important, which depends on the exposure time (about 

milliseconds). This optical approach is suitable for the studies of conformational 

changes of biomacromolecules2 and enzymatic reactions7.  

 

Chain-like molecules (such as polymers, DNA, and RNA) provide an effective 

interface to conduct mechanical analysis. Through the attachment of one 

terminal via magnetic8/optical tweezers9, the monitored force (pN scale8) or 

movement (nm scale8) of the other terminal can be attributed to the dynamic 

behavior of the chain including polymerisation, twining, and folding. In addition, 

the intermolecular affinity properties can be characterised by a conductive 

atomic force microscope (AFM)10−13.  

 

Electrical approaches provide more structure-related information with higher 

temporal resolution (about microseconds), in particular for small molecules. The 

molecule translocating in the nanopore can be detected by the blockade in the 

ionic current that is produced during translocation. The classical example is the 

fast readout of the DNA sequence as it threads through the nanopore14,15. The 

current resolution mainly depends on the relative size of the nanopore diameter 

and the molecule as well as the applied voltage. The single-molecule junction 

(i.e. the nanogap) provides a closer relationship between the structure and 

electronic properties owing to the molecule being the dominant conductive 

channel16−19. The detailed comparison among the single-molecule junctions is 

provided in the main text. 

  



2. Schematic of the device preparation.  

 

Figure S1 | Schematic of the system for graphene growth on copper 

sheets. a. The enlarged image of the copper sheet in the quartz tube of the 

furnace (b). The copper sheet was supported by the quartz disk. b. Schematic 

of the whole system, including the gas source (from the H2 and CH4 cylinders 

on the balcony), the gas line, the quartz tube with the corresponding sealing 

interface, the tube furnace, and the oil pump. c−e. Schematic of sealing the 

system. The tube in the quartz furnace was detachably connected to the oil 

pump with a vacuum clamp and a vacuum sealing ring.  

  



S  

Figure S2 | Schematic of loading a copper sheet on the quartz tube. A 

moderate deviation of the copper sheet to the quartz disk could compensate its 

migration from the flow air during pumping.  

  



 

Figure S3 | Schematic of wrapping the copper piece on the silicon wafer 

for subsequent spin coating. 

 



 

Figure S4 | Schematic of using a needle to assist in picking up the PMMA-

supported graphene.  

 

  



 

Figure S5 | Schematic of poking a hole in the PMMA layer near the end of 

the graphene ribbon by using a needle tip. 

 

 

 

 

 

 

 

 

 

  



3. Characterisation of the sample/device.  

 

 

 

Figure S6 | The AFM image of the graphene in the FET.  

 

 

 
 

 

Figure S7 | The high-resolution AFM images of an electrode pair array 

after oxygen plasma etching (a) and after further electroburning (b), 

respectively.  

 

  



 

 
 
Figure S8 | Typical I–V curves of incompletely cut devices. 
 
 

 
Figure S9 | I–V curves of 185 pairs of Au electrodes on two chips which 
integrated two kinds of molecules, respectively. 105-pairs unsuccessful 
connection (a) and 80-pairs successful connection of triphenyl molecular 
bridges (b) were obtained on one chip. 99-pairs unsuccessful connection (c) 
and 86-pairs successful connection of hexaphenyl molecular bridges (d) were 
obtained on the other chip.  

  



 
 

Figure S10 | Inelastic electron tunneling spectra (IETS) of the Pd(0) 

catalyst integrated between graphene electrodes20. a. Schematic of the 

molecular structure. b. The corresponding measured IETS and the calculated 

infrared and Raman spectra of the functional centre. The devices, which were 

further used to study the physical properties and chemical reactions, were 

characterised by IETS firstly. The data of 11 different devices were displayed 

here and all of them showed the target single-molecule signatures. The peaks 

of δ(NHC) (~167 mV), ν(C−H) (~389 mV), ν(C=O) (~200 mV), and ν(N−H) 

(~400 mV) were marked, indicating that the intrinsic vibrations of the Pd(0) 

catalyst are measurable at all the devices.  

  



 

 

Figure S11 | Super high-resolution images of 6 different single-maleimide 

devices21. The devices, which were further used to study the physical 

properties and chemical reactions, were characterised by STORM firstly. All the 

measured 6 devices (a−f) showed only one-molecule integration between metal 

electrodes.  

  



 

Figure S12 | Long-term monitoring of the Claisen rearrangement at 0.5 V 

via integrating a molecular bridge with allyl phenyl ether centre into 

graphene electrodes22. 
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