Atomic Force Microscopy Notes 
(with thanks to Dr. Carrier who kindly provided her summary notes in French)


Definition:  A microscope that uses a tiny probe mounted on a cantilever to scan the surface of an object. The probe is extremely close to the surface. As the probe traverses the surface, attractive and repulsive forces arising between it and the atoms on the surface induce forces on the probe that bend the cantilever. The amount of bending is measured and recorded, providing a map of the atoms on the surface. Atomic force microscopes can achieve magnification of a factor of 5 × 106, with a resolution of 2 angstroms, sufficient to resolve individual carbon atoms. 
· Also called scanning force microscope.
The American Heritage® Science Dictionary Houghton Mifflin Harcourt Publishing Company. Published by Houghton Mifflin Harcourt Publishing Company
http://science.yourdictionary.com/atomic-force-microscope



Principle (simplified):
An extremely fine point mounted on a flexible micro-cantilever is used to probe the surface of the molecule or molecular structure under study. Basically, the point probe or "tip" is swept over the surface and the interactions between the probe and the surface are used to gain information.  These interactions, which can be attractive or repulsive, cause the tip to deflect. A laser beam is focused on the cantilever and reflected towards a detector to facilitate the determination of the nature and strength of the forces involved. 

[image: Atomic Force Microscopy:  Force Distance Curve]

Force diagram from http://www.nanoscience.com/education/afm.html


Image from http://en.wikipedia.org/wiki/Atomic_force_microscopy
Piezoelectric scanner


Comments:
· The interactive forces between the tip and the sample are not measured directly but are calculated using knowledge of the properties of the cantilever attached to the probe tip and its observed deflection (calculated from the position of the reflection of the laser beam).
· The tip does not have to scrape or necessarily even touch the surface of the sample but can instead be maintained at a stable distance from the sample surface using an electronic feedback loop. 

Historical perspective 

· AFM was developed in 1986 by Binnig, Quate and Gerber as an off-shoot of Scanning Tunneling Microscopy (STM).
· STM is a very powerful technique to obtain topographical images of sample surfaces but, since it uses electrons aimed at the surface as probes, can be used only when the sample under study is a conductor or semi-conductor.  
· AFM, on the other hand, can be used to obtain a topographical image of the surface of the sample whether the sample is metallic, polymeric or even biological. 
· (AFM, while now seeing extensive use in biologic imaging, is highly used in imaging surfaces in electronics or nanotechnology.)


SCANNING TUNNELING MICROSCOPE (STM), device for studying and imaging individual atoms on the surfaces of materials. The instrument was invented in the early 1980s by Gerd Binnig and Heinrich Rohrer, who were awarded the 1986 Nobel Prize in physics for their work. The underlying principle of the STM is the tunneling of electrons between the sharp tip of a probe and the surface of the sample under study. The flow of electrons is extremely sensitive to the distance between the tip and the sample. As the tip is swept over the surface the height of the tip is continually adjusted so as to keep the flow of electrons constant. A map of the "bumps" on the surface is then obtained by accurately recording the height fluctuations of the tip. The STM was used in 2004 to measure the charges of individual atoms, and in 2010 researchers used a modified STM to observe the magnetism, or spin, of atoms on the nanosecond timescale.

From the Columbia Encyclopaedia found at http://www.infoplease.com/ce6/sci/A0843875.html


Read more: http://www.answers.com/topic/scanning-tunneling-microscope#ixzz25R6dwC4J

Advantages of AFM

· Simple but extremely precise 
· There is no need for dyes or fixing the sample 
· Can be used with samples in aqueous solutions -- which affords the possibility of modifying the sample (adding ligands, etc) during the measurement 
· Allows the observation of changes in conformation in real time. 
· Can be used to examine individual molecules in isolation, molecular complexes, membrane complexes, and even whole cells or virus particles. 

The Probe
· An extremely small (~10nm) tip is used to probe the surface.  This tip is made of a strong but chemically inert material like Si, Si3N4, tungsten, etc so as to avoid unwanted interactions between the tip and the surface under study and to avoid abrasion and deformation of the tip. 
· In some instances (like measurement of nano structures ), the probe can be as small as 0.3 to 2.5nm



Modes of AFM 
1. Contact mode
· Most widely used
· In the simplest contact mode: The tip is deflected as it moves across the surface, deflecting up when there is a “bump” in the surface and moving down when there is a depression.
· In the constant force mode: the force between the sample and the tip is maintained constant by dynamically adjusting the tip to keep the same deflection of the micro-cantilever as it scans the sample. By measuring the adjustment needed (using a feedback circuit), one gets a topographical image of the scanned surface. 
· The feedback circuit limits the performance in the constant force mode so sometimes one simply measures the deflection without maintaining a constant force (as in the simple contact mode, above).
· Because the tip is directly in contact with the sample, the micro-cantilever needs to be very flexible (i.e. having a spring constant of <1N/m).
Advantages/disadvantages
· Extremely sensitive with a very fine tip
· Lateral drag and/or larger tips give distortion
· Fine tips wear quickly

2. Tapping mode (also called “intermittent contact mode” or “dynamic force mode”)
· Most popular
· A rigid cantilever oscillates up and down at its own resonance frequency (~100kHz)
· When the point contacts the surface, it enters the repulsive force zone  and the frequency of the oscillation changes and its amplitude diminishes
· It is this diminished amplitude that is measured by the feedback circuit
Advantages/disadvantages
· Because the contact with the surface is intermittent, the tips do not wear out as quickly
· Resolution in lateral dimension is ~10nm
· Resolution in vertical dimension in the Angstrom range
· Sample can be indented/deformed or damaged by the tapping


 
3.  Non-contact mode 
· Least common mode
· The cantilever is close to, but not touching, the surface so one is working in the attractive force range but with very weak forces.
· The cantilever oscillates (as in the tapping mode) and the weak forces cause slight changes in the frequency and amplitude of the oscillation as the surface height (and strength of the forces) changes.
· The change in frequency or amplitude is recorded
Advantages/disadvantages
· Similar advantages to tapping mode in terms of resolution
· Sample not damaged or deformed because there is no contact

· Because the forces are weak, one usually needs to work in a very controlled environment without contaminants or dust, often in a vacuum.


4. Force-modulation mode 

· Used to examine the properties of the material by measuring the interactions between the sample and the probe/tip
· The tip oscillates at a high frequency very close to the surface (in the repulsive zone/regime)
· The slope of the force-distance curve is related to the elasticity of the sample
· The topography of the sample is simultaneously obtained.



[image: ]


Daniel J. Muller.   Biochemistry 2008, 47, 7986–7998

AFM technology has paved the way for a large range of experiments – extensions to the technique – limited only by the ingenuity of the operator.  Not only is the topography of a sample described in high resolution, one can, for example, observe membrane proteins directly, both the whole protein and even its subunits.


[image: ][bookmark: _GoBack]An AFM-generated image of gap junction hemichannels (communication channels) formed by connexion 26 (Cx26)


Cx26 is shown here forming hexamers which fit together to form a 2-dimensional network on the cytoplasmic side of the membrane.  Two neighbouring cells align their hemichannels such that the hexamer units from the adjacent cells form a completed channel that allows small molecules to pass from one to another.


In the case illustrated here, AFM has been used to dissect the junction between two cells after exposing the external surface of one of the cells.  Several scans were preformed under different experimental conditions.  In the presence of 0.5 mM Ca+2, the protein changes conformation which causes the closure of the channel. The resolution in the lateral field is approximately 1.2 nm.



AFM is also uniquely suited for the study of diverse aspects of biological systems.  For example:
· The elasticity of a membrane
· The interaction of a receptor and its ligand(s)
· The unfolding of single protein molecule
· The precise location of a ligand on a cell surface
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