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Abstract 

At nanoscale, increasingly more various physical properties can be measured, analysed 

qualitatively, and even quantitatively. Scanning probe microscopy has been gradually widely 

adopted due to data derivation from its specific interaction between the tin of probe and super-

surface of sample material. In this text, we identify the role of this technique in the area of 

nanophysics from the perspective of three aspects: atom-related or molecule-related 

visualisation, visualisation of nano-processes, and property characterization. 
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1. Introduction 

On a nanoscale, due to the interactions by various particles from 0.1 nm to 100 nm [1], plentiful new-

born, unique performance can be discovered and detected in the process of characterization and 

fabrication. In order to fully excavate and deploy these properties of matter on the nanometre length 

scale, scanning probe microscopy (SPM) has been continuously developed and deemed as an efficient 

technique since its invention in 1981 [2]. Its core principle is to detect the interaction between the tip 

of a super-sharp probe and the surface morphology of a material. Based on this, a systematic series 

of probe-based, surface-sensitive techniques for high resolution scanning has been gradually formed, 

including scanning tunneling microscopy (STM), atomic force microscopy (AFM), and near-field 

scanning optic microscopy (NSOM) [3]. Specifically, SPM cannot only be operated to collect the 

images on atomic structure or distribution of state densities, but also to measure, identify, and even 

quantify structure-tailored properties of matter, like magnetic, thermal, mechanic, and photoelectric 

characteristics [4]. Hence, this powerful technique, which integrates observation, analysis, and 

nanolevel manipulation, firmly demonstrates its wide applicability and tremendous potential 

prospects.  

In this review, we focus on the indispensable role of the integrated family of scanning probe 

microscopy and give an explicit interpretation regarding three different aspects: atom- or molecule-

related visualisation, visualisation of nano-processes, and property characterization. 

2. Atom- or Molecule-Related Visualisation 

A prevalent but still fascinating application in the nanoworld is visualisation of atoms, molecules and 

assemblies. Via morphological imaging, topographic information (e.g. defects [5], surface 

reconstruction [6], surface adsorption [7], grain boundaries [8]) can be derived to display the alignment 

of atoms or the architecture of molecules. Its atomic resolution enables greater insights into the 

arrangement and organization of particles, ranging from single crystals [9] to assembled 

macromolecules based on superstructure [10] or bio-affinity [11], to actualise a specific function. In this 

context, a comprehensive structure-based analysis is usually conducted using well-patterned 2D SPM 

data compared with 3D crystal structure analysis by X-ray diffraction [12, 13]. Such behavior of organic 

functional materials can be clearly described by visualizing the images of molecular alignment. 

3. Visualisation of Nanolevel Particulate Processes 

Also, specific dynamic processes can be characterised as high-resolved SPM images. This technique 

provides the reliability to construct unique nanosized structures by precisely tunable manipulation of 
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atoms or molecules [14]. Typically like surface diffusion [15], image-based atomic control contributes 

to the fine monitoring on different dynamic processes on the surface of materials. Also, the broad 

adaptability of SPM in different working conditions (e.g. in the normal temperature [16], in vacuum 
[17], in liquids [18]) gives access to its detection well-suited for various experimental environments, 

like multi-phase catalysis [19], superconducting conditions [20] and monitoring the renewal of electrode 

surface during the electrochemical reactions [21]. 

4. Nanoscale Property Characterisation 

Finally, testing the properties of materials with high spatial resolution signifies the nanolevel 

structure-property connections, even on the scale of each single atom. For example, the measurement 

of mechanical properties can be implemented with the attractive or repulsive interaction between the 

tin of probe and sample [4, 22]. Each category of SPM monitors the strength of a specific interaction to 

reflect the surface properties of sample, like pulsed force microscopy AFM (PFM-AFM) [23] and 

dynamic scanning probe microscopy (DSPM) [24], and then image the relative information. 

Furthermore, for more accurate detection and reproducible force regulation, more exploration focuses 

on obtaining quantitative data of these properties. However, a drawback worth mentioning is 

inevitable time-consuming calibration during the acquisition of quantitative information. The reason 

for this is tip damage or plastic deformation on the soft surface of sample may occur regarding the 

changeable mechanisms in tin-surface approach [25]. 

Additionally, electrical behavior can also be under accurate measurement, like research on relations 

between internal structure and conductivity of carbon nanotubes (CNTs) [26] and quantum interference 

in single-molecule charge transport with STM-assisted methods [27]. 

5. Conclusion 

Overall, based on single-atom- or single-molecule-dominated SPM techniques, the rapid 

development of chemical systems and devices on the nanoscale provides a broader platform for more 

precisely tuned structure-property-performance correlations. 
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