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„This is but the least  
we have yet seen of the work of the Lord, 
much is still hidden from us” 

Carl Linnaeus 



OUTLINE 

 Brief introduction on the neccessity of high-pressure research 
 

 Basics of diamond anvil cell technique 
 
 Examples of modern cutting edge investigations of matter under extreme conditions: 

 
„Looking” throughout Sodium  

on inducing an insulating state in elemental sodium 
 

 Squeezing „salt” out of Ammonia  
on the proton transfer between neutral amonia molecules 

  
    Irresistable „smell” of Hydrogen  

on high- temperature superconductivity in hydrogen dominant materials 
 

 „Turning” Nitrogen into diamond  
on transformation of molecular nitrogen to single-bonded atomic solid 

 
 New „taste” of chemistry  

on unexpected chemical composition   
 

 „Ground”-breaking news  
on possible processes at high-pressure high-temperature conditions  

similar to the Earth’s interior 
 



Why is research at high pressure important ? 
 
 
 

What pressure range would be of interest for study ? 
 
 
 

How can pressure be  generated ? 
 
 

http://thumbs.dreamstime.com/z/znak-zapytania-pudełko-13170039.jpg


1946 - Nobel prize in Physics 
 

Pressure range up to 10 GPa (10 000 atm) 



Pressure in the Universe: 10-32 do 1032 atm.    

E. Zurek and W. Grochala  
Predicting crystal structures and properties of matter under extreme conditions via quantum 
mechanics: the pressure is on  
PhysChemChemPhys 17 (2015) 2917 

Pressure in Laboratory: od ~10-20 do ~5x106 atm.    

1 GPa = 103 atm 
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Generation of pressure 

      static techniques 
 
Piston-cylinder 
(~2 GPa) 
 
 
Multi-anvil technique 
 (~50 GPa) 

 
 
Anvil Cell   
(~ 500 GPa) 

dynamic techniques 
 
-Shock wave technique  
(~ 300 GPa) 
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simple tool            astonishing effect  

Diamond Anvil Cell - DAC 

record pressure attained with DAC   
~ 5 Mbar (5x106 atm)  

30μm 
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X–ray,  
neutron 

Laser (UV, Vis, IR) 
 
  γ-ray 

Raman spectroscopy 

X-ray/neutron diffraction 

IR absorption 

X-ray absorption study 

Diamond Anvils are suitable for various analytical techniques  

Mӧßbauer spectroscopy 

Nuclear Resonant  
Scattering 

Brillouin scattering 
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„Looking” throughout Sodium 



   12 MARCH 2009  
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120 GPa 156 GPa 199 GPa 

Reflected light Reflected light Transmitted light 

sample 

15μ 

EXPERIMENT 



   12 MARCH 2009  
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Overlapping sodium atoms force their outer electrons into the “holes” 
between the atoms.  
Increased hybrydization of 3d and 3p bands induces strong localization of 
electrons and subsequent gap opening. 

THEORY 



Squeezing „salt” out of Ammonia 
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NH2
- 

NH4
+ 

N-H stretching 
soft mode  
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λ = 0.4125 Å 

λ = 0.3344 Å 
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Irresistable „smell” of Hydrogen 
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14 MARCH 2008 



17 AUGUST 2015 

19 

Sulfur 

Sulfur hydride 



17 AUGUST 2015 
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18 MARCH 2016 
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Im-3m 

09 MAY 2016 
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„Turning” Nitrogen into diamond 
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            04 JULY 2004  
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>100 GPa 

~2000 K 

N 

N 

N 

a single bond 
~ 40 kcal/mol 

a triple bond 
~ 225 kcal/mol 

Cubic gauch (cg- N) 

Primitive cell 

Polymeric cg-N structure: each nitrogen atom is connected to 
three neighbours by three single covalent bonds. 

I213 
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(cg- N) 

Synthesis conditions 
 Pressure: 126 – 175 GPa; Temperature ~ 3000 K  

λ = 0.406 Å 



New „taste”of chemistry 



20 DECEMBER 2013 

THEORY 
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20 DECEMBER 2013 

EXPERIMENT 

29 
λ = 0.5146 Å 

T ~ 2000 K 
Na Cl 

NaCl3 
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20 DECEMBER 2013 

EKSPERYMENT 
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λ = 0.3344 Å 

T ~ 2000 K 
Na 

Cl 

Na3Cl 



„Ground”-breaking news 
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11 FEBRUARY 2016 

Cmcm 

Hematite 
Fe2O3 

Magnetite 
Fe3O4 

(FeO + Fe2O3) 

Bbmm 

Fe5O7 

C2/m 

Fe25O32 

C2/m 

~ 60 GPa ~70 GPa 2000 – 2500 K 2000 –2500 K 

Building blocks: 

FeO6 octahedra FeO6 trigonal prism 

+ O2 ↑ + O2 ↑ 
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~ 1400 K 

~ 1000 K 



„This is but the least  
we have yet seen of the work of the Lord, 
 much is still hidden from us” 

Carl Linnaeus 





Quest for record pressure 
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Osmium 

λ = 0.3344 Å 

λ = 0.2898 Å 

ETT CLC 
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Osmium 
Core-Level Crossing (CLC) 

0 GPa 396 GPa 
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41/22 

  Oxygen 
 

Becomes Solid under pressure > 50 000 atm (5GPa) 

Becomes Metal under pressure > 960 000 atm (96 GPa) 
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METAL INSULATOR 

  Pressure  
    (GPa) 

β δ ε ζ 

 9 10 ~96 

Under pressure a number of  spectacular phase transformations 
(color change) can be observed in oxygen.  


