
Scanning Probe Microscopy of Soft Matter:
Unraveling the Intricate World of Biological
and Soft Materials

The realm of soft matter encompasses a vast array of biological and
synthetic materials that exhibit unique properties due to their soft,
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deformable, and often self-organizing nature. These materials play a pivotal
role in countless biological processes and technological applications.
Scanning probe microscopy (SPM) has emerged as a powerful tool for
investigating the structure, dynamics, and interactions of soft matter at the
nanoscale.
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SPM Techniques for Soft Matter

SPM encompasses a suite of techniques that allow for the imaging and
characterization of soft matter with unprecedented resolution and
sensitivity. Among the most widely used SPM techniques for soft matter
research are:

Atomic force microscopy (AFM): AFM uses a sharp tip to probe the
surface of soft matter, providing topographic images and information
about mechanical properties.

Scanning tunneling microscopy (STM): STM employs a sharp metal
tip to image the surface of conductive soft matter, revealing its
electronic structure and topography.
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Magnetic force microscopy (MFM): MFM uses a magnetic tip to
detect the magnetic properties of soft matter, enabling the study of
magnetic materials and devices.

Scanning Kelvin probe microscopy (SKPM): SKPM measures the
surface potential of soft matter, providing insights into charge
distribution and electronic properties.

Imaging Soft Matter with SPM

SPM techniques offer high-resolution imaging capabilities that allow for the
detailed visualization of soft matter structures. AFM, for example, can
resolve features on the nanoscale, providing topographic images that
reveal the surface morphology, roughness, and grain structure of soft
matter. STM, on the other hand, can image the electronic structure of
conductive soft matter, providing information about its electronic density of
states and chemical bonding.

Mechanical Characterization of Soft Matter

Beyond imaging, SPM techniques can also probe the mechanical
properties of soft matter. AFM, in particular, is well-suited for measuring the
stiffness, adhesion, and viscoelasticity of soft materials. By applying a
controlled force to the sample surface with the AFM tip, researchers can
determine the material's response to mechanical stimuli and gain insights
into its molecular organization and mechanical behavior.

In Situ and Time-Resolved SPM

SPM techniques can be used to study soft matter in situ, allowing for the
investigation of dynamic processes and changes in real time. For example,
AFM can be used to image the surface of soft matter in liquid



environments, providing insights into the hydration state, swelling behavior,
and interactions between molecules in solution. Additionally, SPM
techniques can be combined with time-resolved measurements to capture
the evolution of soft matter structures over time, revealing insights into the
dynamics of self-assembly, phase transitions, and other dynamic
processes.

Applications in Biological and Soft Matter Research

SPM has found widespread applications in the study of biological and soft
matter. Researchers have used SPM to investigate a wide range of
systems, including:

Biological membranes: SPM has been used to image the structure,
dynamics, and interactions of biological membranes, providing insights
into membrane fluidity, protein organization, and lipid-protein
interactions.

Cells and tissues: SPM has enabled the imaging and mechanical
characterization of living cells and tissues, revealing insights into cell
morphology, adhesion properties, and cellular dynamics.

Biopolymers: SPM has been used to study the structure, mechanics,
and interactions of biopolymers such as proteins, DNA, and RNA,
providing insights into protein folding, DNA-protein interactions, and
RNA structure.

Soft materials: SPM has been used to investigate the structure,
properties, and applications of a wide range of soft materials, including
polymers, gels, and liquid crystals, leading to advances in materials
science and device development.



Scanning probe microscopy (SPM) is a powerful tool for exploring the
intricate world of soft matter. By providing high-resolution imaging,
mechanical characterization, and in situ capabilities, SPM techniques have
enabled unprecedented insights into the structure, dynamics, and
interactions of biological and soft materials. As SPM continues to evolve, it
will undoubtedly remain a key tool for advancing our understanding of soft
matter and its applications in various scientific and technological fields.
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