
Workshop Lectures 
The Clay Minerals Society 

Volume 7 
Table of Contents 

 

 

 
Volume 7, 1994, Scanning Probe Microscopy of Clay Minerals 
Kathryn L. Nagy & Alex E. Blum. Editor 
 

High Resolution Scanning Probe Microscopy: Tip-Surface Interaction, Artifacts, and 
Applications in Mineralogy and Geochemistry…………………C. Eggleston 

INTRODUCIION  
What is SPM?  
Terminology  
The Need to Understand Tip-Surface Interaction  

 
SCANNING TUNNELING MICROSCOPY (STM)  

Basic Principles  
STM in Practice  

Feedback Control  
Tips  
Leakage currents  
Calibration  
Particles  

 
ATOMIC FORCE MICROSCOPY (AFM)   

Basic Principles  



Forces Normal to Surface  
Frictional Forces  
Magnetic forces  

AFM in Practice  
Tips  
Tip and Sample Wear  
Deformation  
Multiple-tip contact  
Friction effects  
Filters  
Force Calibration and Minimization  
Particles  
Fluid Cell  

 
COMMON Artifacts IN SPM  

Multiple Tips, Rough Surfaces, and the Importance of Flat      Samples  
Multiple Tips and Microtopography  
Microtopographically Rough Surfaces  
Multiple Tips at the Atomic Scale  
Changes in Resolving Ability or Position of the Tip.  

Variable Tunneling Barrier (STM)  
Variable Tip Shape  
Time Resolution  
Feedback Oscillations, Resonance, and Shadowing  
Vibrational Noise  
Drift  
Friction Effects and Sample Erosion  
Image Processing  

 
EXAMPLES: SPM IMAGING AND IMAGE INTERPRETATION  

STM 
Pyrite  

AFM  
Albite  
Calcite  
Concluding comments  

   
BRIEF REVIEW OF SPM APPLICATION IN GEOSCIENCE 

   Surface Microtopography 
    Crystal Dissolution and Growth 
    Friction 
    Diatoms 
    Clays 
   High-Resolution Imaging 
    Surface Structure 
    Structure and Dynamics of Adsorbates 
    Local Electronic Structure 
    Redox Reactions 
    Magnetic Structure 
   



NON-IMAGING APPLIACTIONS OF SPN 
   Electron Tunneling Spectroscopy 
   Force-Distance Measurements 
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Atomic and Molecular Scale Imaging of Layered and  
Other Mineral Structures……………….F. Wicks, G. Henderson, and G. Vrdoljak 

 
INTRODUCIION  
EXPERIMENTAL TECHNIQUES  

General Procedures for Image Acquisition and Filtering 
Filtering Routines 

Plane Fit/Flattening  
Lowpass/Highpass  
2-Dimensional Fast Fourier Transforms (2DFFT) 

Resolution  
Cantilever Force  
Specific Operating Procedures  

 
AFM IMAGES OF 1:1 LAYER PHYLLOSIUCATES  

Lizardite and Kaolinite  
 
AFM IMAGES OF 2:1 LAYER PHYLLOSILICATES  

Muscovite  
Illite and Smectite  
Clinochlore  

 
AFM IMAGES OF Other Minerals  

Albite  
Astrophyllite  
Calcite  
Gypsum  
Hematite  
Uranium Phosphates  
Zeolites and Zeolite-Like Materials  
Glasses  

 
MINERAL-WATER INTERFACE AND CATION ADSORPTION  

Apophyllite  
Cesium Adsorption on Clinochlore  

 
SUMMARY AND CONCLUSIONS  
ACKNOWLEDGEMENTS  
REFERENCES Cited  

 
Mineral-Water Interactions: Fluid Cell Applications of  
Scanning Force Microscopy……………………………..P. Dove and J. Chermak 

 



INTRODUCTION  
THE SFM FLUID CELL 

Designs  
Usage  

Sample preparation  
Sample mounting  

Filling the Fluid Cell  
Temperature Control  
Imaging  
Reactor Simulation  
Compatible Real Time Reaction Rates  

INVESTIGATIONS OF MINERAL-WATER REACTIONS BY FLUID  
      CELL SFM  

Dissolution  
Precipitation and Growth  

Nucleation  
Monolayer and spiral growth  

Effect of Sorbed Ions and Organic Molecules  
Surface Precipitation  

FUTURE APPLICATIONS TO CLAY MINERAL-WATER 
INTERACTIONS  

Chemical Perturbations in Engineered Earth Systems  
Weathering Reactions  
Mineral Transformations  
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Determination of Illite/Smectite Particle Morphology Using Scanning Force  
Microscopy………………………………………………………………...A. Blum 

 
INTRODUCTION  
SAMPLE PREPARATION AND MOUNTING  

Sample Treatment and Dispersion  
Chemical Treatments  
Ultrasonic Dispersion  
Suspension Concentration  

Sample Mounting  
The Muscovite Mounting Surface  
Evaporation of the Sample  
Reaction of the Muscovite Substrate  

Dissolution of the Muscovite {00l) Surface  
PARTICLE THICKNESS MEASUREMENTS  

Collecting and Processing SFM images for Height Measurements  
Anatomy of an SFM image  
Real Time Image Processing  

Post-Processing of Images  
Deflection Images Collected in Height Mode  

The Muscovite Unit Cell Step - Limits on the Resolution of 
Height Measurements  



Effects of Tip Shape on SFM Images  
Resolution of Features >~3Onm  
Resolution of Features <~3Onm  

PARTICLE THICKNESS DISTRIBUTIONS  
Methods  

Height (z) Calibration of the Piezoelectrode  
Comparison of SFM Clay Thickness Measurements with other 
Techniques  

Measurement of Unit Cell Heights  
Particle Size Distributions  
Mean Particle Thicknesses  

SURFACE MORPHOLOGY OF FUNDAMENTAL ILLITE PARTICLES  
Steps on the Illite Surface  
Implications of Surface Steps for the Smectite-to-Illite Transition  

INTERPARTICLE FORCES AND THE MECHANICAL BEHAVIOR  
      OF ILLITE AGGREGATES  
CONCLUSIONS  
ACKNOWLEDGEMENTS  
REFERENCES CITED  

  
Application of Morphological Data Obtained Using Scanning Force Microscopy to 
Quantification of Fibrous Illite Growth Rates…………………………..K. Nagy 

 
INTRODUCTiON  
DIAGENETIC FIBROUS ILLITE  
METHODS  

Fibrous Illite Samples  
Sample Preparation and SFM Analysis  
Rate-Law Derivation  

RESULTS  
SFM Observations  
Correlation of Mean Particle Dimensions with Geologic Parameters  

Depth  
Maximum temperature  
Clay mass  

Reaction Rate Law  
DISCUSSION  

Potential Inaccuracies in Particle Dimension Measurements  
Effect of sonication  
Effect of dissolution during sample preparation and storage  
SFM imaging artifacts  
Imaging difficulties due to sample characteristics  

Anomalous Sample Results  
Reaction Rate Laws  

Diffusion-controlled reactions  
Surface-reaction controlled  
Nucleation sites and activation energy barriers  
Ostwald ripening  
Relationship of dimension growth rates to mass growth        
      rates  
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