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¢ The Liquid State

¢ Neutron Scattering theory

- | *» Instrumentation and sample environment
¢ Interpretation of glass structure
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5 Aberyatyth .
oot The Liquid State

¢ Liquids lack long-range order

/"..6
S . First Y
e Pair distribution function shows coordination
Short range order shell
,'_-*_' ®. . |
" Glasses formed by super-cooling a = 5 p——
ot lquId. coordination
e shell
0 e} 20 36

% Amorphous materials by other
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i6F Aberystwyth The pair distribution
function

¢ Average separation of atom _
pairs First "6'
coordination
shell

| * Region where g(r) is zero

Second
coordination
shell

—% % Pronounced first peak

¢ Series of smaller peaks =] ). . .
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berystwyth|  (Glasses and amorphous
materials

Potential energy “landscape”

Local minimum
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Super cooling
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Log (viscosity in poise)

* Ergodicty
e Non-ergodicity

Configurational entropy and fragility
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F Aberystwyth Neutron diffraction:
Scattering theory

S |

v

3
2

*s* Double differential cross
section

¢ Coherent scattering law

2
1=1.-4% 404k
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S(Q’ a)) 1 kmczdent T d o
N k scattered O-coh deEI coh

2
= Q’k incident

(1-cos28)
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% Aberystwyth| Neutron diffraction: Scattering in
The University of Wales <
multi-component systems

¢ Scattering: ) [ do (Q)} ) +ZC

e Sum of several atom-pairs

e Partial contributions

o AL 1 De(::ér'n__be‘.r,'-2'006 A Neutron Scattering in Earth Sciences



8% Aberystwyth| Neutron diffraction: the differential
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Cross section
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&7 Aberystwyth Neutron diffraction: the pair
The University of Wales 2 e
correlation function

+¢ Sine Fourier transform of the

Se(Q):

1 ¢ .
s (1= j 0ls, ,(©)-1lsin(@rdo

e Total number density is p,,

G, p(r) 1s the probability of
fundlng atom [ at distance r
from atom «.

babslg, ;1 —1]

% Fourier transform of the total
F(Q) 1s the weighted sum of all

partial values.

| % Total correlation function, T(r).

e Highlights correlation at high r T(r)=4mp, {G(,,) + ancﬁgagﬁ}
a.p

D(r)=4mp, {G(r) + ZCaCﬁEaEﬁ:| —1
a.p
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st Neutron instrumentation
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5 Aberystvyth | -
et Neutron instrumentation

Time of flight (spallation type)
glass/liquid diffractometer

Position >
Sensitive

Soller collimator detectors

Scattering
angle 29
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¢ Time-of-flight (spallation source)

¢ Detectors at fixed angle record

r p - Y
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Aberystwyth Neutron diffraction:
correction procedures

Structural information
1s 1n elastic, single
scattering
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Encapsulated gasket

Standard anvil & gasket configuration
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Sample environments

Containerless levitation

~ 11:December, 2006 |

Vaccuum chuck

Pressure
Transducer

=

Laser Optics

Vacuum Port

Intensity (a.u.)

Neutron beam
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5% Aberystwyth Interpretation ot glass
structure

¢ Based on the pair ‘ i lion
distribution function (PDF) | Juj\ﬁﬂ\//\/\m/nmﬂ

GaO? - Neutron
] Mm

= ‘

0 10 Q' 20 30
FSDP i

Connectivity Teranedral unit

Corner sharing only

| ** Continuous random '
4  networks (CRN) =

S(Q)

Edge and

vs. elemental Corner sharing

+ Characteristic distance

Molecular
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% Aberystwyth Interpretation of glass
structure

¢ Short-range order
and connectivity

‘First sharp diffraction peak’

8 1 iy
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Partial structure factor

9pol”
(50%H20 + 50%020)

11 December, 2006 +

i '

Isotopic substitution, e.g.
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determination
o Meutron data Extracted partials
4 10
1] Lf‘\-._/"'“*—‘_—__
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212

oy (1) +5270

cb? 2c,,c,b.b
H H>0"H™0 A goo(r)

Gpro(r)= HgHH(r)+

|A=c, b} +2c,c,b,b, +cob,

G,,,(r)=0318g,, (r)—0.4.92g,, (r)+0.190g ,, (r)
L (G, () =0.486g,,, (r)+0.4.23g,,, (r)+0.091g,,, (r)
G, (r)=0.113g,, (r)+0.446g,, (r)+0.441g,, (r)
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% Aberystwyth| Partial structure factor
determination

N 0o Combined neutron and X-ray data
5 Forsterite glass v [SN (Q) _ 1] _ N [SX (Q) B 1]

3 AS(Q) = W, (Q)

2 = 1— WN

Radial distance (Angstrom)
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% Aberystwyth| Partial structure factor
determination

Reverse Monte Carlo and emgirical structural refinement

Reverse Monte Carlo Modeling of Neutron and X-ray data

9GeGe("
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7 Aberystwyth Studies of liquids and amorphous

o
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The University of Wales
materials: Simple oxides
*»*Confined to  — .
simple systems: 035
= Li-B
% DESI Li-O .ﬁ"a I_i-IE)\fL
S 015 A 2
= | ll!; .

. Li,0-SiO,
. K,0-SiO,
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oF Aberystwyth Studies of liquids and amorphous

The University of Wales

materials: Simple oxides

X MgO—SiO2 glasses

5
Forsterite glass
Mg-O
4 0-0
] 67% MgO 33% SiO, (forsterite)
e = Si-0
L 62% MgO 38% SiO, 3
T
i c) 58% MgO 42% SiO, . Enstatite glass
(7] = r_/ 2
i 54% MgO 46% SiO, S
= .
0.5 | 50% MgO 50% SiO, (enstatite)
O T T T T
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0 T T T T
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Momentum transfer (Angstrom™) Radial distance (Angstrom)
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&% Aberystwyth Studies of liquids and amorphous
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materials: amorphous ices

 Low and high-density forms

-
[+}1]

of amorphous ice .
%
e Demonstration of LDA- B 8
HDA transitions £ .
e I <
2 « Fully hydrogen-bonded a0

tetrahedral networks -4

Interstitial water molecule
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8% Aberystwyth|  Studies of liquids and amorphous
The University of Wales < r
materials: amorphous ices

¢ Changes in the first peak
in the diffraction pattern
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% Aberystwyth|  Studies of liquids and amorphous

The University of Wales = = 3
materials: high pressure studies
% Amorphous forms of GeO, Germania at high pressure
X Classic “strong” network- .
formlng glaSS — ‘Gfrn:::ate
- g— 3 WJ\(\WWWW anomaly’
: v P=5 GP
| *» Tetrahedral-octahedral g | :
coordination change e MM oes
g 2
s, . . g i
‘0’ ChangeS mn helght and "g' P=0.1 GPa ‘Cage’ network
position of FSDP o ] e
0 3 i 6 glass

X Momentum Transfer QA1)
*¢ Shrinkage and collapse of

open network structures
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Aberystwyth|  MgO-S10, glasses: Neutron
diffraction

rupt cnanges in e etween o an a

In Situ high pressure neutron data 38 % SiO, glass

Momentum Transfer / Angstrom B
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.7 Aberystwyth Studies of liquids and amorphous
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materials: high pressure studies

In Situ high pressure neutron data 38 % SiO, glass

Increasing distortion
of the Mg-O
polyhedron?

Non-linear change in
structure

Is it polyamorphic?

3.0 4.0
r / Angstrom
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F Aberystwyth Summary and future
directions

% Neutrons offer the opportunity to determine the structure of liquids directly by
diffraction

% Total structure factor related to the PDF by Fourier transform

» Combined techniques can be used to extract partial S(Q)’s

» Developments in sample environment:
* Levitation studies
* High pressure studies
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