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“... Based on X-ray emission

spectroscopy and X-ray Raman
.‘scatterl data we propose that
the lensity-difference contrast in
SAXS is=due to fluctuations

between tetrahedral-like and
hydrogen-bond distorted
structures related to, respectively,
low and high density water. ...”
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SLAC Researchers Reveal the Dance of Water

-
~ “Recent work ... is shedding new light on water’s

“These experiments suggested ... two distinct
structures, either very disordered or very
tetrahedral, exist no matter the temperature.”
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Diffraction from di;brdered maerials
| - a simple experiment in principle:
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The structure factor:
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J Empirical potential structure
refinement (EPSR):-

I—

st
-+ Use harmonic constraints to define
"' molecules.

— Molecules are rigid but disordered to simulate zero
point energy effects.

- * Set up a “reference” potential energy function
- | for site-site interactions. |

B Use the diffraction data to perturb this
reference potential energy function.

« Accept or reject moves on the basis of
AU=AU +AU,,
« See Phys. Rev. B., 72, 104204, (2005)
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rAppIication of the reference potential
- — amorphous silica
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Diff. CS [barns/sr/atom]
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r Refinement with the empirical

— potential — amorphous silica
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Diff. CS [barns/sr/atom]




Refinement with the empirical
potential — amorphous silica
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Refinement with the empirical
- potential — water
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Water g(r)s:
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Choose amole ah S|zes <.s.|mulat|on box size
Form ensemble average of §

e r ——

Calculate probability dlstrlbutlon A (N
(Hummer et. al., PNAS, 1996)




'_, Distribution ‘;f fluctuations in EPSR
water




.

Fluctuations in EPSR water
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Inconclusive — so far — try Lennard- &5
e Jonesium

I—

-+ Lennard-donesium has a critical point:

ik W

- T =)\ W5
e TRV

pc= Y

O

(e.g. N. B. Wilding, PRE, 52, p 602 (1998))

« Calculate S(Q) and density fluctuations for
T~T,p=p,




S(Q)atT=137Tc l













B Evidence from small éngle theory
(Glatter and Kratky, 1982)
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Sa(0) = ¢(1 — cb)(

Ap)”

(p)

|

R



[
S
S
S
o
<
S
7))
S
k.
=
S
O

=

(Soper, JPCM, 1997)
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“Colloidal;; ‘sphere model
. .
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Conclusion from “colloidal” sphere
model:
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. Need packing fraction < 0.1 =
 Ap ~0.1
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r |

« Sphere radii highly disperse.
« Cannot distinguish from fluctuation model.
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B Evidence 14

l from . _ HDA Ic, LDA, Ih |
XAS/XES? '
i |
Amorphous .
ice "
4_
Tse, et. al. -

PRL 2008 | .
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Evidence from

| XAS/XES? | 1
IAmorphous icel |

I
Finney et. al. "

PRL, 2002 T . o
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Evidence from XAS/XES?
H20/D20

'= Bergmann et. al. Phys. Rev B
-~ 2007 _
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I_E vidence .
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Evidence from XAS/
' XES? [
! - evidence from

ionic solutions
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Summary (1)

—_—
» Arise in scattering at small Q does NOT s
establish that a system has two states: .
— EPSR water simulations show SINGLE mode
. number fluctuations;

)

— Lennard-Jonesium also shows single mode
number fluctuations above the critical point. -

— Colloidal sphere model suggests a range of length
scales and densities are present.

— Cannot distinguish between heterogeneous model
and homogeneous model with fluctuations.




Summary(2) '
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NO current understanding of XAS/XRS/XES |
data >

Structural “evidence” indicates changes in XAS
spectrum are due to extent of non-bonded !
molecules in first shell — see Carr, arXiv 2009.

Observation of “isosbestic” points in
spectroscopy data does NOT indicate distinct
states are present — see Geissler, JACS, 2005.
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Conclusion...

Data presented in PNAS 2009 are highly
ambiguous.

Cannot conclude water is inhomogeneous

neOUS\
. ogeaaQUs structure of water
at ambient conditions
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