


X-rays:  ~0.5 nm  
 less than and/or comparable to interatomic positions 

 Ideal for diffracting conditions for atoms  crystal structure 
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The diamond-anvil cell 



Storage ring: electromagnets 
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Allan & Angel (1997) EJM 

As framework minerals compress, the polyhedra compress and 
tilt, and the extra-framework cavity changes shape 

Single crystal microcline, KAlSi3O8 

Cation partitioning 

Retention & Diffusion of non-bonded species 

Ar, K, Xe 

Elastic and hence, thermodynamic properties 

Benusa et al 2004 



As BO6 rotate, the A-
O bonds are 
compressed 

CaSnO3  

BO6 stiffer than AO12 

“Less cubic” 

YAlO3  

AO12 stiffer than BO6 

“More cubic” 

(Zhao et al. 2005) 



Unit cell parameters provide more information 

Experiments went up to 10 GPa, supplemented with density functional 

theory (DFT) calculations 

60% of albite compression is along (100) 

Cell angles show softening 



Elastic Compliance Tensor (sijkl):  
4th rank tensor defining a physical quantity relating stress to 

the resulting strain within the linear elastic regime. 

Generalized Hooke’s Law: 

ij =  sijkl kl 
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Compliance = softness     Modulus = stiffness 
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Potentially 81 components of sijkl 

Stress and strain must be symmetric 

ij = ji and ij = ji 

Sijkl must be symmetric in itself 

….21 independent components of sijkl 

Less if symmetry higher than triclinic 
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Generalized Hooke’s Law: 

ij =  sijkl kl 



No shear stress 
ij = 0 

11 = 22 = 33 = -P 

Changes in cell parameters are strains 
Six components for triclinic crystals 
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Triclinic cell 
parameters 

Benusa et al. (2005) Amer. Mineral  



Triclinic cell 
parameters 

Calculate 
incremental strain 
tensor  

Calculate s1j at 
pressure 

Fit to obtain s1j  at 
room pressure 



= 0.04133nm = 30keV
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Determine d-spacings for (mostly) known structures 

as a function of pressure 



Volume (density) change of (Mg0.61Fe0.39)O through the spin crossover 

Zhuravlev, Jackson, Wolf, Wicks, Yan, Clark (2010)  

Phys. Chem. Min. 
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