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MECHANOCHEMISTRY UNDER CONTROLLED CONDITIONS OF 

PRESSURE: HIGH TEMPERATURES AND NEGATIVE PRESSURES 



 Operative definition. Chemical pressure maps

Chemical Pressure



Chemical Pressure Formalism. Chemical Meaning

 The unit cell is divided in Nv voxels of volume Vv where the energy

density function is evaluated

 Positive CP values are associated with non-bonding and antibonding

regions. Electron density would like to expand in order to lower the

energy of the system.

 Negative CP values are associated with bonding regions. Electron

density would like to be accumulated (compressed) in order to lower the

energy of the system.

 CP analysis gives a global picture of chemical interactions
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Chemical pressure (CP) analysis of fcc-Ca at
equilibrium conditions. (a) Cross-section along
the (001) plane containing the Ca atoms. The
CP = 0 contour is shown with a black solid line
(b) 3D isosurfaces with CP= +0.001 (white) and
CP = – 0.0274 (black). Pressures are given in
atomic units.

• Metallic phases: fcc and sc-Ca, CsCl-BaSn, hP4-K and fcc-Na

• Inorganic crystals: CaF2, CaX (X= O, S, Se, Te), BaSnO3, K2S and NaX 
(X=F, Cl, Br, I). 

CP isosurfaces of BaSn
lattice (Ba = green, Sn =
blue) at the equilibrium
volume of BaSnO3.
White and black
isosurfaces are of CP =
+0.001 and CP = –
0.0125 au, respectively.

3D CP isosurfaces in 
the hP4 phase of 
metallic K at the 
volume of K2S 
compound. White and 
black isosurfaces are of 
CP = +0.001 and CP = 
–0.043 au, respectively.

Chemical Pressure. Inorganic crystal structures



Generalized stress-redox equivalence 



Electronegativity and equalization principle 

KEY-LOCK PRINCIPLE

Upon crystal formation, the metallic

subarray adjust its size either reducing or

increasing its volume just to match the

electronegativity of the non-metallic

element.

Only non-metallic elements with the 

electronegativity corresponding to the CP 

mínimum value of the metallic lattice can 

enter in those positions and form the 

inorganic crystal.



Solid State Solutions. SnMo(1-x)WxO4

Alpha-phase. Orthorhombic

• SnWO4 at RCs. V = 81.5 Å3

• SnMoO4 at high p (p>0). V = 81.3 Å3

• Indirect gap

• r(W6+) ~ 0.42 Å

Beta-phase. Cubic

• SnMoO4 at RCs. V = 90.9 Å3

• SnWO4 at high T (p<0). V = 88.5 Å3

• Direct gap

• r(Mo6+) ~ 0.41 Å



CP-PP Equivalence in SnMo1-xWxO4

 Candidates to improve 

photocatalysis in hydrogen 

economy.

 SnWO4 orthorhombic 

α phase. Small and indirect 

band gap.

 SnMoO4 cubic β phase with 

a direct band gap around 

1.5 eV higher than α-SnWO4. 

 Chemical doping controls the 

stable structure

 β-SnMoO4 → α-SnMoO4 (1 GPa) / β-SnMoO4 → α-SnMo0.57W0.43O4

 α-SnWO4 → β-SnWO4 (1200 K (-3 GPa) / α-SnWO4 → β-SnMo0.57W0.43O4 



Polymorphism in SnMo(1-x)WxO4

Polymorphism induced by chemical pressure



First Si+C+O mineral
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