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Structure of liquid water studied by neutron and X-ray diffraction methods
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Aim of This Study

+ Obtain Experimental Partial Structure Factors, a,4(Q), ag4(Q), and
a50(Q), and Partial Pair Correlation Functions, g(r), gon(r), and

Joolr)-

- Compare These Structure Functions with Those Obtained from
SANDALS Spectrometer (ISIS).

- Comparison with Those Calculated by MD Simulations.

- Comparison with the X-ray Structure Factor
— Electron Distribution within Liquid Water



Partial Structure Factors of Liquid Water

Structure: a..(Q), g...(r)
Structure: a- (Q), g (1)
Structure: a-(Q), g (r)

Interference term observed from neutron diffraction measurements, iy (Q)
= 4b, 2., (Q)-1] + 4bobyfa. (Q)-1]+ bo2la- (Q)-1]

At least 3 Samples with different b, values
—  a,(Q),a (Q),anda. (Q)

Problems: Inelasticity correction
Multiple scattering correction
Higher statistical accuracy required



‘Standard’ Neutron Data

Author: A. K. Soper

Diffractometer: SANDALS (ISIS Facility, UK)
Data Analysis Method: EPSR fit

Time-of-flight Reactor

EPSR fit;
Monte Carlo simulation

— Partial structure factor

+
+ Statistical Noise

A. K. Soper, (2000).



‘Standard’ Neutron Data
Partial pair correlation functions, gyy(r), 9ou(r), and goo(r)

RN

A. K. Soper, Chem. Phys. 2000,
258, 121.




Recent Literatures

RMC analysis
SANDALS data + X-ray data

K. T. Wirkfeldt et al. (2009).



Recent Literatures

RMC analysis
SANDALS data

|. Pethes and L. Pusztai (2015).



NOVA Measurements
- Reduce scattering from sample cell

—

- Reduce multiple scattering intensity

—

- Excellent statistical accuracy

—



NOVA experiments

Samples: D,0
HDO —— a . (Q),a (Q),a (Q)
H,0O
"H,0 — Inelasticity correction

Cell: Vanadium cell (Zmmt X 14mmW X 40mmH)
Exposure time: 9h/sample
Forward angle detector pixels



Observed Time-of-Flight Spectra (26 = 13.06° )

*H,0, J-PARC NOVA spectrometer, 2016
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D,0 in vanadium cell

Vanadium plate

Vanadium cell
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Inelasticity correction using scattering intensity of °H,O
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Total interference term

Results of the least squares fitting
analyses of intramolecular
interference terms

HDO

H,0
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Partial Structure Factors, ] . and

b2 = by - b2l ()]
(bp+3by) + (3bptby) + 2(bp-by)
= - 4(bp-by)?bol -1]
2(by+by)by - 4bybp + 2bp(bp-byy)

= 2bg?(bp*+by*-2bpby)[ano(Q)-1]
- 2bg2(bp b (1]
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Fourier transform
Intermolecular partial structure factors

Intermolecular partial pair correlation functions

244 390 H-H

TR O-H
2.86

4.48 0-0
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9oolr)

on(r)

9un(r)

Soper
Chem. Phys. 2000,
258, 121-137

goo(r)

SANDALS data
+ EPSR fit

QOH(F)
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Comparison with MD simulation (SPC/E potential)
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Combination with X-ray diffraction data

X-ray data —  Distribution of
Neutron data —  Distribution of

, and «— Neutron data

hn(Q) = {4f4(Q)°[2,(C)-1] + 4o(Q(Q)
fo(Q)] AR [20(Q)+Ho(Q)F

X-ray interference term
-

-1]+
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Badyal et al. J. Chem. Phys. 2000, 112, 9206-9208.

W(Q) — (1-)i(Q)
fo(Q) — To(Q)*ke2(Q) ~fo(Q)]

- fraction of electron, H — O

)

Sinter(Q)

= ZCa Gy fa(Q) f,(Q) S™,,(Q)
1

neutron data
(SANDALS)
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Molecular Orbitals of H,O Dimer

27



Conclusions

- Partial structure factors ay,(Q), ag4(Q) and ag5(Q) were
successfully obtained from NOVA data

- There exist differences in the first intermolecular peak
positions and intensities of g;(r) between NOVA and
SANDALS data.

- |t is possible to extract information on electron distribution in
liquid state by the combination of partial structure factors
(neutron) and X-ray interference term.

Acknowledgements

We thank Prof. Kazutaka lkeda (KEK) and Prof. Toshiya Otomo (KEK) for their help for
neutron diffraction measurements using the NOVA spectrometer. We also thank Prof.
Yasuhiro Umebayashi (Niigata Univ.) for providing the X-ray data measured with BL04B2

diffractometer at SPring-8 facility.

28



	中性子およびX線回折実験による液体水の構造解析
	Slide2
	Slide3
	Slide4
	Slide5
	Slide6
	Slide7
	Slide8
	Slide9
	Slide10
	Slide11
	Slide12
	Slide13
	Slide14
	Slide15
	Slide16
	Slide17
	Slide18
	Slide19
	Slide20
	Slide21
	Slide22
	Slide23
	Slide24
	Slide25
	Slide26
	Slide27
	Slide28

