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τ=0.000000000001 s  (1 millesimo di miliardesimo di secondo)

Hbond
 

energy: EH

 

=5Kcal/mole=10kT

Covalent
 

bond energy: Ec

 

=200kT
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nHB

 

> 1.55

Water at ambient conditions can be described as a percolating HB
 

network





Questions:

Is it possible to test this idea against an experiment?

What can we learn from this kind of data analysis?



Is it possible to test this idea against an experiment?

Fully deuteriated

Fully protiated

50% mixture

neutrons in

neutrons out detectors

sample

SANDALS @ ISIS



Is it possible to test this idea against an experiment?



MC simulation

 

with 
reference potential

Comparison with data

feedback MC simulation

 

with new 
effective potential

Is it possible to test this idea against an experiment?

EPSR Monte Carlo Simulation



Definitions:

Two molecules are H-bonded if the OH 
distance is below the I minimum of gOH

 

.

A group of molecules forms a cluster if 
each pair of molecules is bonded to at 
least one other molecule in the cluster.



Aexp

Bexp

B*exp

Dexp

Pure supercritical water Supercritical water-
 

CO2

 

mixtures

Excess volume



Pure supercritical water



Pure supercritical water

gas-
 

like vs
 

liquid-like 
behavior

signature of HB

II peak of gOO

 

at ~ 5.6Å



Pure supercritical water

triangular symmetry at 
state Aexp

tetrahedral symmetry at 
liquid-like states 

lowering the contrast the 
symmetry becomes sferical

II shell has the same 
symmetry as I shell

Ambient water



Pure supercritical water

liquid-like states are 
above the percolation 
threshold

<nHB

 

> = 0.8

<nHB

 

> = 2.2

<nHB

 

> = 1.9



Pure supercritical water-
 

I take home message
a percolation line separates 2 structurally different 

supercritical fluids:

gas-like, with triangular I shell

liquid-like with tetrahedral I shell

nHB

 

decreases from ~ 2 to ~
 

0.8 upon crossing PL

3D HB clusters or branched chains at liquid-like states

2D HB sheets or oligomers
 

at gas-like states

Question for the theoreticians:

PL and Fisher-Widom
 

line can be identified?



Supercritical water-
 

CO2

 

mixtures



Supercritical water-
 

CO2

 

mixtures

both states are liquid-like

more defined peaks compared to pure 
water



Supercritical water-
 

CO2

 

mixtures

nHB

 

~ 1.2



Supercritical water-
 

CO2

 

mixtures

the absence of percolation is not a trivial 
effect of the excess volume
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Supercritical water-
 

CO2

 

mixtures

both minimum approach distance and average  Ow
 

-Ow
 

distance are shorter 
than Ow-O distances.



Supercritical water-CO2

 

mixtures -
 

II take home message
liquid-like states

better definition of shells compared to pure water

<nHB

 

> lower than 1.55 → no percolation

this is not a trivial effect of the excess volume

the excess volume is localized around the CO2

 

molecules

clusters are fragmented.
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