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« Excess » of structure Good thermal properties

Good structure Less « anomalies »

Parameters optimized for room temperature liquid water
Quantum effects not always taken into account
...

Main problem:

Simulations Real water

Point charges Spherical molecule

Spherical (electrostatic) potentials Anisotropic potential

Hydrogen bonds



Simulation: Guillot and Guissani (2001), JCP 114, 6720
Exp.: Bellissent-Funel et al. (1997), JCP 107, 2942

RX: Hura et al. (2000), JCP 113,9140
Neutrons: Soper (2000), Chem. Phys. 258, 121



Vega et al. (2005), JCP 123, 144504
Abascal et al. (2005), JCP 122, 234511
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How to tackle HB dynamics?



Librations and HB dynamics



HB and residence times (QENS)
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Bulk and confined water

( )
molkcalE

Tps

HB

HB

/85.1

/931exp0485.0/

=
=τ

Tnp HBB 004.08.14/ −==

( )







−
=

+−=

4

4324

ln

386

I

HBbulk
res

BBBI

F
const

pppF

ττ ( )







−
=

+−=

3

323

ln

33

I

HBconf
res

BBBI

F
const

pppF

ττ

Bulk Confined



3,2 3,3 3,4 3,5 3,6 3,7 3,8 3,9 4,0 4,1

0

2

4

6

8

10

12

14

16  τ
HB

 τres (th)
 τ

res
 (exp)

tim
e 

(p
s)

1000/T (K-1)

τHB

τres



Microscopic measurements of the dynamics of H bonds show 
there are NO anomalies at their level

J. Teixeira, A. Luzar and S. Longeville, J. Phys.: Cond. Matter 18, S2353 (2006)

DepLS       

QENS

IR hole burning- Laubereau

1998,2001

} J.T. et al
1984,1985,2002

1/k = HB lifetime

1/k ’ = HB reforming time

1/(k+k ’) = time for switching
H bond partners

Molecular dynamics



Microscopic measurements of the 
dynamics of H bonds show there are 

NO anomalies at their level
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Structure factor of liquid water (neutrons)
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Structure factor of liquid water (neutrons)
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Intermediate scattering function
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Intermediate scattering function
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Line widths
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Experimental features

There is no discontinuity or divergence of any property of liquid water

Several independent experiments show that:

Hydrogen bond dynamics has an Arrhenius temperature dependence

It is possible to evaluate a "molecular time“
from the HB dynamics and from the number of intermolecular bonds.

Its temperature dependence is strongly non-Arrhenius
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A transition to Arrhenius temperature dependence?  
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Conclusions

1) There are two main characteristic times :
a) A molecular residence time, τres, with a strong non-Arrhenius temperature 

dependence.
It shows an apparent divergence at the temperature of the homogeneous 
nucleation of hexagonal ice (-45 °C)

b) The hydrogen bond characteristic time, τHB, with an Arrhenius temperature 
dependence

2) The anomalous temperature dependence of τres
can be predicted from τHB and the tetrahedral network of hydrogen bonds

3) During the quenching of bulk liquid water, if ice nucleation is avoided,
there is a transition from a non-Arrhenius molecular behaviour to
the Arrhenius temperature dependence of hydrogen bond dynamics.
It can be seen like a fragile to strong transition taking place at the homogeneous 

nucleation temperature, TH.

4) In some confined media, if the nucleation of ice cannot take place,
a similar transition is observed around 200 K 
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S(Q,ω) (D2O)
Q = 3.54 Å-1
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H2O: 
 

S(Q) = (13.0 SsHH + 0.34 SsOO ) 
 

+ (0.56 SdHH - 0.87 SdOH + 0.34 SdOO) 
 
 
 
 
 
 

D2O: 
 

S(Q) = (1.22 SsDD + 0.34 SsOO ) 
 

+ (1.78 SdDD + 1.55 SdOD + 0.34 SdOO) 
 
 


