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Figure 4. Comparison of the experimental self-diffusion coef-
ficients of water with previous work below 0 °C: (open symbols)
as in Figure 3; (®) 0 °C, (a) —5 °C, (%) =10 °C, (m) —15 °C, (w)
21 °C, Prielmeier et al., 1988
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A
1=0.000000000001 s (1 millesimo di miliardesimo di secondo)
Hbond energy: E,=5Kcal/mole=10kT

Covalent bond energy: E.=200kT



H. E. Stanley, J. Phys. A: Math. Gen. 12,1329 (1979).

H. E. Stanley, and J. Teixeira, J. Chem. Phys. T3, 3404(1980).

Water at ambient conditions can be described as a percolating HB network

: Nnyg> 1.55

" P(n)=n">"
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THE JOURNAL OF CHEMICAL PHYSICS 123, 024502 (2005)

Line of percolation in supercritical water
Livia Péartay and Pal Jedlovszky™
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Questions:

M Is it possible to test this idea against an experiment?

™ What can we learn from this kind of data analysis?
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MLs it possible to test this idea against an experiment?

™ Fully deuteriated
y s ™ Fully protiated

™ 50% mixture

neutrons out
o exp data state point B™" detectors
= 09 g s ponee
n
g sample
© 0.5
=
4y}
2 0.1
g neutrons in
L -0.3 SANDALS @ ISIS
4
Q = —sinb



=ROMA
A:]1RE

UNIVERSITA DEGLI STUDI

®Ls it possible to test this idea against an experiment?

F(Q)=2 2 wap(Sap(Q) 1)

0 g - & © exp data state point B™" i @ B;ﬂ
. Ly EPSR fit

waﬁ = Caﬁﬁbabg(2 — 5,1}3)

F(Q) [barn/atom sr]

dr
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MLs it possible to test this idea against an experiment?

EPSR Monte Carlo Simulation

MC simulation with
reference potential

\ 4

Comparison with data

a

\ 4

feedback

MC simulation with new ,
effective potential

\ 4

TABLE II. Parameter of the reference potential used to start the EPSR

routin. The intramolecular bonds used were ic o=1.161 A, Igg=2.32 A,
lo, ~H,=0.976 A, and H,—H,=1.54 A (Refs. 28 and 29).

€ (kI/mol) o (A) g (&)
O, 0.63 3.166 08476
H.,. 0 ] 04238
C 0.241 2785 0664 5
O 0.689 85 3.064 —0.332 25
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09 & O exp data state point B*” | 3.5 H,0

EPSR fit
HDO
1.5
—_—

-0.5 | P

N
a0

F(Q) [barn/atom sr]

Definitions:
™ Two molecules are H-bonded if the OH
distance is below the I minimum of g,

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

M Supercritical water- CO, mixtures
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TABLE 1. Thermodynamic parameters of the investigated water-CO, mix-

tures and pure walter states.

Y ——
CO, concentration (%) T (K) P (bar) plat./A%)
0.92 673 1300 0.0458
9.2 673 1300 0.049
0 673 1500 0.0753
0 673 500 0.0552

Excess volume
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™ Pure supercritical water () o= —
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™ Pure supercritical water

™ gas- like vs liquid-like
behavior

™ signature of HB

W IT peak of g, at ~ 5.6A
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™ Pure supercritical water

M triangular symmetry at
state Aexp

™ tetrahedral symmetry at
liquid-like states

™ lowering the contrast the
symmetry becomes sferical

M IT shell has the same
symmetry as I shell
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™ Pure supercritical water
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W Pure supercritical water- T take home message

M a percolation line separates 2 structurally different
supercritical fluids:

™ gas-like, with triangular I shell
M liquid-like with tetrahedral I shell
M n , decreases from ~ 2 to ~ 0.8 upon crossing PL
™ 3D HB clusters or branched chains at liquid-like states
M 2D HB sheets or oligomers at gas-like states
B Question for the theoreticians:
PL and Fisher-Widom line can be identified?
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M Supercritical water- CO, mixtures
M both states are liquid-like

™ more defined peaks compared to pure
water :
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M Supercritical water- CO, mixtures
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M Supercritical water- CO, mixtures

M the absence of percolation is not a trivial
effect of the excess volume
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M Supercritical water- CO, mixtures

™ both minimum approach distance and average Ow -Ow distance are shorter
than Ow-O distances.
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M Supercritical water-CO, mixtures - IT take home message
™ liquid-like states

M better definition of shells compared to pure water

M <n > lower than 1.55 — no percolation

® this is not a trivial effect of the excess volume

M the excess volume is localized around the CO, molecules

M clusters are fragmented.
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™ Fabio Bruni Roma Tre
™ Marco Bernabei Roma Tre - UPV San Sebastian (ES)
™ Alan Soper ISIS Facility (UK)

Thanks to:
ISIS Facility
CNR

MIUR

www.fis.uniromaad.it/liquidsgroup
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Aexp
B*exp
Bexp
Dexp

————— ambient water
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v [deg]
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