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The Problem 
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Cotunnite (PbCl2) structure



Random Structure Searching
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Randomly throw 
atoms into a 

randomly shaped 
unit cell

Relax the system as far 
as possible 

Calculate system enthalpy 
& then repeat to find many 
more candidate structures

Fiddle about with the 
lowest enthalpy / most 
interesting structures

SYMMOPS (2,3,4,6,8)

MINSEP

MOLECULES

“One of the continuing scandals 
in the physical sciences is that it 
remains in general impossible to 
predict the structure of even the 
simplest crystalline solids from a 
knowledge of their chemical 

composition.”
J. Maddox Nature 335, 

201(1988)



Searching & the Structures 
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The searches:
~1800 relaxed structures in total

Unconstrained 2 units
Unconstrained 4 units

1 unit * 3 symmetry ops.
1 unit * 4 symmetry ops.
1 unit * 6 symmetry ops.
1 unit * 8 symmetry ops.

1 * 120º molecule * 4 symmetry ops.
2 * 120º molecules * 4 symmetry ops.
3 * 120º molecules * 4 symmetry ops.

1 * 120º molecule * 4 symmetry ops.
3* 120º molecules * 2 symmetry ops.
4* 120º molecules * 2 symmetry ops.

150 GPa

280 GPa



Enthalpy vs Pressure 
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“Double & Shake” !



Xray diffraction 
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Xray diffraction 
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Cotunnite volume ‘kink’ 
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Band Structure 
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Band Gaps 
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Summary / Conclusions 
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•Study supports experimental observation   
of post-cotunnite phase at pressures 
accessible to a diamond anvil cell.
•Predict transition to P21/m tenfold 
coordinated phase at 130 Gpa.
•New P21/m phase does not appear to be 
a general post-cotunnite phase 
(shame...TiO2 !)
•Cotunnite re-enters at 260 Gpa
•Higher quality x-ray diffraction data 
required to confirm.
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