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HIGH PRESSURE 
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STATIC VS DYNAMIC 
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EXAMPLES OF APPLICATIONS  
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Hydrogen and hydrides New materials / High pressure chemistry 

Equations of state Fluids 

 C-H 

 Metals 

C + H 

Liquid CH4  

Solid 

100 GPa ~ 1 eV (E of chemical bonding). Are there new quantum many-body 

behaviors at high pressure? Metal H ? 

Are ab-initio 

calculations reliably 

predictive? 



NITROGEN  
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N2 

N2  triple bond : 9.8 eV/atom 



NITROGEN 
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«van der Waals solid»  =  Molecules bonded by (weak) van der 

Waals forces 

Structure of solid nitrogen at 4.9 GPa / 300 K = cubic (Pm-3n)  

Cromer et al (1980) 

= 

dN-N= 1 Å 

dN2-N2= 6 Å 



POLYMERIC NITROGEN 
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Lipp et al, PRB,76, 014113 

Evolution under pressure  



POLYMERIC NITROGEN 
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Lipp et al, PRB,76, 014113 

Evolution under pressure  

Amorphisation of N2 at 
ambient temperature 
(Goncharov et al, 2000) 

 
 
 Interpretation in terms of a 

“non-molecular” but 
amorphous phase 



POLYMERIC NITROGEN 
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Lipp et al, PRB,76, 014113 

Evolution under pressure  

Synthesis of the 
cristalline form 
(Eremets et al, 2004) 

 
 P = 110 GPa et T>2000 K 

 
 « cg-N » structure  

 
 
 
 
 

 Metastable at ambient 
temperature down to        
42 GPa 



A HIGH ENERGY DENSITY MATERIAL 
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 N2 triple bond : 9.8 eV/atom 
 
 
 

 N-N (polymeric) single bond : 1.7 eV/atom 
 

 
 
 
 
 
•  N-polymere : 64 MJ/L   
•  Diesel : 36 MJ/L  
•  TNT : 7.6 MJ/L  
•  O2-H2 : 2.7 MJ/L  
•  (Uranium : 1.5 109 MJ/L )  

 
 
 
 

Cg-N 

Eremets et al, Nature Mat., 3, 558 (2004) 



THE DIAMOND ANVIL CELL 
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THE DIAMOND ANVIL CELL 
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100 bars on the membrane 

 (S~cm2) 
 

 

 

 

 

 

1Mbar in the sample 

(S~100μm x 100μm ) 



EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 
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EVOLUTION UNDER PRESSURE 

|  PAGE 20 CEA |  16 juin 2014 

0% 100% 

Fluid 

Solid 

Ne concentration 

Pressure 

Diamond 

anvil cell 

Metallic gasket 

Force 

Sample 

State : Solid – fluid equilibrium 

Single-crystal growth 



EVOLUTION UNDER PRESSURE 
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PRESSURE MEASUREMENT 
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Fluid N2 

Pure solid N2  

N2-Ne Compound 

PHASE CHARACTERIZATION 
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Raman spectroscopy : vibrational modes of the N2 molecule  

N2 

Liquid 

pure N2 

solid 

N2 in 

compound 



N2 – NE BINARY DIAGRAM  
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STRUCTURE OF THE COMPOUND 
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Synchrotron (ESRF, Grenoble) 
N2-Ne  

Single crystal 
Image plate 

+ Direct methods in crystallography 



STRUCTURE OF THE COMPOUND 
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(N2)6Ne7 
Hexagonal   /  R

 
m

 
 

a=b=14.4 Å, c=8.09 Å @ 8 GPa 



AN ORIGINAL VAN DER WAALS COMPOUND 
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HIGH PRESSURE BEHAVIOR 
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 Diamonds with 100 µm diameter 
 Raman characterization  

N2 (N2)6Ne7 (N2)6Ne7 

P  P  P  

P  P  P  



Pure N2 polymerization 

HIGH PRESSURE BEHAVIOR 
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HIGH PRESSURE BEHAVIOR 
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HIGH PRESSURE BEHAVIOR 
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Non-reacted 
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Phase separation under heating 

 

Recrystallisation of cg-N 

Neon stays as a powder 



OUTLOOK 
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Binary mixtures will provide geometrical constraints and / or nano-

structuration with phase separation 

 Numerical simulations predict a lower 

polymerization pressure (65 GPa) than the 

experimental one (110 GPa)  
Pickard et al, PRL 102, 125702 (2009) 

Erba et al , PRB 84, 012101 (2011) 

 

 

 Atomic phases of nitrogen are distortion of 

simple cubic ; different structures predicted  
Zahariev et al , PRL, 97 155503 (2006) 

Pickard et al, PRL 102, 125702 (2009) 

 

 

 Exotic phases predicted : diamondoid N10 
Wang et al, PRL, 109, 175502 (2012) 

Zahariev et al  

Wang et al 

New perspectives opened by numerical simulations 


