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“If a cluttered desk is a sign of a

cluttered mind, of what, then, is

an empty desk a sign?”

— Albert Einstein
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Disorder in Physics

Entropy

Disorder is measured
by Messier,

less-organized things
have higher entropy.

Entropy

»

Time S
e 4 e
“Now, in the second law of thermodynamics . . .

The Second Law of Thermodynamics:
entropy increases with time (in closed systems).

l s
If you tossed bricks off a truck, which kind of pile of bricks

would you more likely produce?
Disorder is

V_&Ll more probable
| than order.
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Order vs disorder
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Disorder in solids and fluids

Total Scattering Techniques
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Spatial distribution of atoms or
molecules in the system

Crystalline solids
Equilibrium positions
Well defined Bragg peaks

—A—

Disordered systems
{ Distribution of equilibrium positions

No Bragg peaks
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Disordered systems

v’
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Structure factor for a gas

- Exercise

. A- Determine the static structure factor for a monoatomic gas

| of punctual non-interacting particles.

' B- Determine the static structure factor for a gas where the
particles have finite size and consequently an effective
repulsion distance. Determine the maximum possible
density of such a gas.

C- Study the low-g) limit of the structure factor. Should the

structure factor be null at the origin?

|
L . R R . . O . . R R R . R R R R R R |
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Neutron scattering

_ Microscopic
Experiment | :
properties
PIan;ar wave Detector
%%Q
—_— (<] r “ 26 a
k Sample k
Planar wave V(r) Spherical wave
e ik-x (b/r)e ik-r
Intensity Scattering Cross Section Dynamical SF
[ ®
1(20,w) d20/dQdw \ S(Q,w)
Ao )
[(20,w) = C dy (20, w) e(k') — —— -
dodw 2 /
d=o K o

; do_dw(zeaw):NzES(va)
Beam ~— j

Sample Interaction  gystem
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Microscopic properties

Dynamical Structure Factor  S(Q,m)

Microscopic

Configuration iry(t), ry(t), ..., ry(t)}

. T 1 e . .
, . —iw —iQ-7(0) . —iQ-7; (1)
S(Q)W)_%T/_oo dt e N;<e e W
| ) N
5(F) = 7A@ Sr— S Micfoscopic
(27T>3a1é p(71) z; RG 7“1(75)) particle-density
1—= .
Probability density of having a given atom
= 1 B (Bt . somewhere,
S(Qa W) — %/ drdt el@ )G(Tv t) e.g. at (0, 0), and any atom at (r, t)
: : - V(o i Vo
van Hove’s correlation function Gt =5 / A7 {p(r7, 0)p( +77.1))
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G(r, t) = Gy(r, t) + G(r, 1)

o=

Normalisation N

Large r P
Large t P
d?o
2 —
i62dw 20

Correlation functions

distinct self
a=p
t
f Pl
t=0
0 t»1
N-1 1 F —
0 O e ——N,
0 0 0 o '
k' 2 = 2 3
NE{](I)H Sa(Q,w) + (|b] >SS(Q,w)}
distinct self
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Coherent and incoherent xs

i
i BExercise

|
% Starting with the total scattering cross section and considering
the self and distinct contributions, derive the expression showing

| | | \ | | | |

‘ /-
@ P P PP PO VPP PRV eeIPIVVeeEeGEVEeEeBSES4 9

explicitly the coherent and incoherent contributions.

| | | \ | |

-
%)

I?’i

i/
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Coherent and incoherent scattering  ¥2§

d?o k' Own ., = o -
20’ — N— co S 7 ( INC )SS 7
dew( w) k { 47 (@ w) + 47 (@) Diffusive
coherent incoherent Motions
) Internal
Ocoh = 41 ()] squared mean Dynamics

Tine = 47 ((|b[*) — |{b)? ) variance

Scattering cross section O = O T 0

Structural information
/ Collective dynamics

/

Diffraction

(no energy discrimination)
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Static structure factor

- Exercises

- Find the relationship between the van Hove time-dependent

' correlation function G(r,t) and the static structure factor S(@).

Propose an expression for the static correlation function

- using the macroscopic density of the material and the real
space pair distribution function g(r).

Using this expression, find the relationship between the static

structure factor S(@) and and g(r).

L . R R . . O . . R R R . R R R R R R |
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Static structure factor

—+ o0

dw S(Q,w) = /dFei@'FG(F, 0)

Skakic appraxima&iou

g(r)-1
efowme
=T Fmi,r

Definition

Oxford School on Neutron Scattering Gabriel Cuello - Institut Laue Langevin 04/09/2019

19




QF(Q)=/ G(r) sin(Qr) dr : ﬂ —T
0
2 [ S, \/\/
G(r) = - / Q F(Q) sin(Qr) dQ i
J0 .
: ’ ) N r/,ﬁl\5 i 5
2 S(Q)—1= 4;—'0 /0 r [g(r) — 1] sin(Qr) dr
> 1 AN ES N 1 = |
q oir) — 1= 27T2,07“/o Q 15(Q) —1] sin(Qr) d@
0 2 4 Q;l a 0 "
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Isotropic structure factor

| BExercises

' Consider now the isotropic case and find the relationship
' between the isotropic structure factor S(g) and

' the isotropic pair distribution function g().

’
L
)
L]
L
’
L
L]
L
-3 ’
- : - A- Consider a well-ordered system with a single (sharp) peak
: in the real space correlation function and calculate the
: corresponding structure factor.
:  B- Discuss the changes you could expect in the structure factor if
: you had a distribution of distances around a single mean-value.
: 4z C- Discuss now what you should observe if you had multiple

distances, each one with a distribution around the mean value.
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pair distribution function P4

.
SQ-1=" [l -y sm@rar
=, A
o) 1= 5 [ @ 8@ 1) (@ 4@ | i \:/ i
3 | /A
=3 AL |

2D analogy
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First Sharp Diffraction Peak

3 FSDP First Sharp Diffraction Peak
' ' ' ' ' ' Liquid Ar @ 85K
J.L. Yarnell et al. (1973) PRA 7, 2130
2
| AQ _
g — | | — /
[75)
1 \\//\\//\ ——— Fourier Transformation
JL- %
O 1 1 1 1 1 1
0} 2 4 6 8 10 ZI;
QA \ =
= N\
_ 1 e
S(0) = p xr kT AR
- d
Limiting values — Normalisation o
(0] 5 10 15 20 25
/A
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Neutrons vs X-rays

dzo- ) —1 _"77-/ 1 _’./,?. s
(deE/) k QWhZfJ f] Q / <e Q J (O)eQ J(t>>e tdt

X-rays

— +—>
neutronf . i i 90
Bragg law @ = el
e
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Form factor

|
l BExercise
|

' The Fermi’s pseudo-potential works well for the neutron-nucleus
interaction yielding to a constant scattering length.
Explain qualitatively the effect that a non-punctual potential

has on the structure factor.

|
@ P P P PPV VI PRV eEeGVeVVEeBVERBGEeBes

-
%)

i i \
I?’i

U
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Related functions P8

Pair distribution

Pair correlation function G(r) or

function density function D(r)
g(r) /\ A
_ Q‘/ G(r) = D(r) = 4m r p [g(r) - 1]
5 15t coordination
lana shell
"V 0 /\ /\
f - VY
Coordination number ] Slope= — 4P
% r
Remember!
R.adlz.al 5 : g(r)—1o FT{S(Q) -1}/p
distribution RDF(r) = 4 r* p g(r)
function RDF(r) L{> T(r) = RDF(r)/r=4nrpg(r)=4nrp + G(r)

Oxford School on Neutron Scattering
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Correlation functions

' Exercises

' Consider a system with a FSDP at 2.1A-! with a FWHM of 0.62 A-1.

|

What could you say about the characteristics of the

corresponding pair distribution function?

How many coordination shells could you observe in such a system?

~ Taking into account the repulsion region in the interaction

potential, show that the low-rregion of density function is

. proportional to the density.

L . R R . . O . . R R R . R R R R R R |
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Multiatomic systems

Systemofn == B [S(Q) — 1] = Y Y catsbabs [Sas(@) — 1]

chemical species N

Y a=1 =1
n (n+1)/2 F(Q) 0 n
independent 79
partial S,4(Q) b = Z Z CaC,Bbabﬁ
Change b by a=1 p=1
e |sotopic substitution
* X-ray experiments Fexp(Q) =A Fp(Q) NDIS: |A| <0.1

e Anomalous diffraction

) Two different species: x, y
Binary system:

Fixed composition: constant ¢, , ¢,

Isotopes with good contrast
b, scattering length of isotope i of species a

) F51(Q) cxb%y  cybyy  2exeybxiby Fxx(Q)
0* | Fs(Q) | = | Xbka c¥bya  2excybxabys Fyy(Q)
Fal@ )\ bty Ably 2exexbxabys )\ Frl@)
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7=0-28 H
Na

Rb

Isotopic substitution

“lzl Cs

1
Neutron Scattering Lengths and
Cross Sections

Javier Dawidowski, José Rolando Granada, Javier Roberto Santisteban,

Florencia Cantargi and Luis Alberto Rodriguez Palomino

Comision Nacional de Energein Atomica, Consejo Nacional de investigaciones Cientificas v

Teenicas, Centro Atdmico Bariloche and fnstitno Balseiro, Barilfocke, Kib Negro, Argenting
Experimental Methods in the Physical Sciences, Vol. 44.
© 2013 Elsevier Inc. All rights reserved.

Oxford School on Neutron Scattering
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Z028Pat1of2  Come : :iz-u ="
49 : 2 .| Al b He
0 Doy o i .._-~: - ] = =1
. r ot o = O | F |Ne
v e
2 Al P Ar
Sc V Mn Co As Br | Kr
Y Nb Rh I | Xe
La Ta Re Au Bi
% B Q(p-)-5y>0
B Q(B-)>0 + QEC)>0
24 (] Stable to Beta Decay
22 1 QEC)>0
20 B QEC)-5,>0
18 B or)>0
Pr Tb Ho Tm Lu

Periodic table showing elements with isotopes with > 20 % scattering length contrast (orange),
5 - 20 % contrast (blue), mono-isotopic, lack of scattering length contrast or prohibitively
expensive isotopes (grey), elements with high absorption coefficients where non-absorbing
isotopes are available (green), elements with isotopes to overcome incoherent scattering
effects (yellow) and radioactive elements (red).
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Weighting factors

BExercise

' Consider a binary system for which you have performed three
' different total scattering experiments with three different isotopic
' compositions.

A- Write down the expression of the weighting factors matrix

’
L]
)
’
L
’
)
L]
L
—1 ’
-9 | B- Evaluate this matrix for the case of the Ag,Se, if you used the
: following isotopic compositions:
’ 107 _nat 109 _76 t _76
. Ag-1atSe, 1Y9AE-°Se and A g-CSe.
: Assume that for each substitution, you have replaced 100% of
’ 5 o 5
, the atoms by its corresponding isotopes.

L]

e C- Invert the matrix to obtain the partial structure factors

from the three experimental structure factors.
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A binary system

. oll
Fast-ion conductor or semiconductor glasses
Silver chalcogenides N Network formers
Ag,X AsX or As,X,
X=S, Te or Se Samples: 197Ag,"3Se, 199Ag,"6Se, "2Ag,"°Se

Isotope | b (fm) | O, (b) | O (b)

"Ag 5.922 24.6 4.99

YAg 7.64 14.6 7.44
%Ag 4.19 35.4 2.55
"Se 797 455 831

F(Q) /barns/sr

6ge 12.2 33.1 18.7

7 £ (Q) 0.2594 0.0706 0.2706] [F,,,(Q)

nat

F,(Q)|=10.0780 0.1654 0.2272 Feese (Q)
M FL(Q) 0.1559 0.1654 0.3211 Frose (Q)
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Furg(Q] [1217  17.31 -2250] [9F,(Q)

nat

Fuse(Q) [=| 811 3222 -20.63| [F,(Q)
Fase(Q) | [-10.09 -2500 29.30 | [MF,(Q)

gSeSe(r) +3

Iagag(h

P % 3 6 8 10 12 14 16 r.’B\
Q/A
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lonic behaviour

3
—~ 2F
=
U:)=

1

0
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First difference mebthod

b* F(Q) = Z Z caCpbabp Fop(Q)  substikbubion

a=185—=1
We change scattering lengths but not composition

1_72 nyl(Q) — C’%b?)/l F’Y’Y(Q) + nybfyl Z Caba Foyy(Q) + Z COéCBbOébB FO&B(Q)
aFEy o, BFEy

b? F2(Q) = 202y Fin(Q) + eybr2 Y Caba Fary(@) + Y cacpbabs Fap(Q)
£y a,B#y
function of n

atom v with 5% AF(Q) = (621 — b25)| Fyr (Q)|+ ¢y (by1 — b12) Y Caba|Fay(Q)
all other aFEy

Correlakion

t‘:ampo&\emﬁs

b? AFW(Q) A7 (Q) | ZZ;&'y Cooley Fa’y(@)
C%(bgl 3 b%z) i Cy (by1 + by2)

Oxford School on Neutron Scattering Gabriel Cuello - Institut Laue Langevin 04/09/2019




Liin ND,

Metal-nonmetal transition at 7 MPM
Class A metals
Conductivity 15000 Q* cm™ mol*

3 species = 6 different experiments!

First difference method

Samples:
°Li in "*ND,
“Li in "*ND,
°Li in 1°ND,
15ND3

A ternary system

F(k) (barn)

k(A™)

J.C. Wasse et al.
PRB 61, 11993 (2000)
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A(k) (barn)

Partials...

[ I [ |
(a)
04 =
Ayk) +0.2Db
0.2
A k)
0 e
-0.2 L ' . E
4 8 12 ©
k(A7) 5]

J.C. Wasse et al.
PRB 61, 11993 (2000)

Oxford School on Neutron Scattering

0.1

0.05 {—/t

-0.05

r (A)
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Second difference method

New substitubion &: 9,0,

n

b’ AF51(Q) = Ci(b?ﬂ T b%z) Fyy(Q) 4 ¢y¢5(by1 — by2) bs1| Frs (Q) ¢4 (by1 — by2) Z Caba Foy(Q)
a#~,0

b® AF,5(Q) = 03(531 vy 5%2) Fy(Q) + cycs(byr — by2) boa| Fys (@) ¢y (by1 — by2) Z Caba Fay(Q)
a#~y,0

b* A’Fo5(Q) = cycs(byr — by2) (b1 — bs2)|Fys(Q)]

b® A2Fy5(Q)
C 65 (0312051 — b2

Fvé(Q) »

Partial structure factor
for pairs y and d
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Model Octahedral complex [Cu(H,0)]%
Sixfold coordination

X-ray diffraction } o _
A priori assumptions

EXAFS
YANES about structure
NDIS Overlap axial Cu-O

and Cu-H

Second difference method

Cu(ll) aqua ion

A. Pasquarello et al.
Science 291, 856 (2001)

System:
Cu(ClO,),+HCIO, in H,O
— 10 expts!

Samples:
®5Cu(ClO,),+HCIO, in H,O
®3Cu(ClO,),+HCIO, in H,O
®>Cu(Cl0,),+DClO, inD,0" _~
®3Cu(ClO,),+DClO, in.b;0

(@)

AF= cc® (bgs-bg3?) Feycy + 2 €y (bgsbgs) 6 -
D

X(€q ba Feuar + €0 bo Feuo * € by Feun ) s—

D :5: 4

3 |
(@))

2 -

A*F =2 cq, Cy (bgs-bes) (bp - by) Feun '

0

15

10

coordination

Oxford School on Neutron Scattering Gabriel Cuello - Institut Laue Langevin
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Five-fold coordinated ion

A. Pasquarello et al.
Science 291, 856 (2001)

coordination

AF=F.o+0.044 F. ., +0.102 F

A square pyramid trigonal bipyramid square pyramid

First-principles Molecular
Dynamics Simulation

‘C=(@—(p)/60><100% B 10 ——————F7T———7T———

T (%)

Cu(ll) aqua ion is
five-fold coordinated
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H incoherence problem

5000 IIl I 1 I 1 5000 ] I 1 I 1 I 1 5000 1 I 1 I 1 I 1 5000 1 I 1 I 1 II 5000 1 I 1 I 1 I 1
i J N il I i A i - 1o
4500 — 4500 — 4500 — 4500 — 4500
- T - . - T 64% H,07
4000 |— - 4000 — 4000 — 4000 — 4000
3500 I i 3500 I | 3500 I | 3500 3500 Isot A
:— ] I i _40% HEO_ SO opes
.. 3000 — 3000 — 3000 3000 3000 e i % o
"% - - - — 44 .89 0 44.89 0
S 2500 — 2500 2500 2500 2500 2 e
E - - _f1.7568 80.26(6) 8202 ) 0.3326
2000 |~ — 2000 2000 2000 2000 (10) (6) (7)
B 7] 1.7589 79.91(4) 81.67 0.3326
1500 1500 1500 1500 1500 (1) (4) 7)
5.597 2.04(3) 7.64(3) 0.000519
1000 1000 1000 1000 1000
(10) 7)
00 500 500 500 500 _#'\.\_ (2893)  0.14(4) 3.03(5))  <6E-06
O 0 0 1 | 1 ] 1 | 1 0 | 0 1 | 1 I 1 I 1 { A d
05101520 05101520 0 5101520 0 5101520 0 5101520 \MD
-] -1 -1 -1 -1
Q[A™] Q[A™] Q[A] Q[A] Q[A™]

Neutron Scattering Lengths and
; : . : Cross Sections

Neutron diffraction of hydrogenous materials: Measuring

incohere nt and Cohere nt ”']tensities Separately Javier Dawidowski, José Rolando Granada, Javier Roberto Santisteban,

Florencia Cantargi and Luis Alberto Rodriguez P;
Comisiin Nacional de Energi

fnica, Consejo Nacional de inv

e aned Fnstituito Balseire, Barilo

Laszlo Temleitner, Anne Stunault, Gabriel J. Cuello, and Laszlo Pusztai Téenicas, Centra Atdimico B

Phys. Rev. B 92, 014201 - Published 1 July 2015 Experimental Methods in the Physical Sciences, Vol. 44.
© 2013 Elsevier Inc. All rights reserved.
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O D
O & < 2
) o B e &
Unpolarised N <<\\QQ Q

neutron beam

3 3
Ispin inC(Q) — 5 ISF(Q) ((\\QQe*o
Icoh(Q) + Iisotope inc(Q) — INSF(Q) — % ISF(Q)
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The case of water

Annular Vanadium
Sample Cell

D 3 Slits Slits
( I LL) Monitor
»/2 Filter l

« Nutator
> i (flipper)
Polarizing Guide Field Helm.hohz' Coils Single 3He Detector
Monochromator (Guide Field)
A=0.52A Al
4000 — 0 - 7000
3500 -: Averaged intensities | 500 "; ‘ - Coherem| ‘ g o B O
3000 | « | . =
©w . « spin-flip B 500 | 4 5000 3
@ 2500 | b R 1 2 % =g
O . -spin-flip o | 4000 @
P 2000 | 4 e 400 L g =
€ 1500 = 13000 =
s | = =
£ S%07 2000 &
= 1000 | ] 8 ] &
500 | n l 200 | s | 1000
0 TS (| S S Sy PO ] (NS () S (R ] (S VI WA [ SE) 100 . s % v Bm GuEd 5 NE B e pmmn P O
0 5 10 15 20 0 5 10 15 20
= | "
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Instruments

Reactor — 2-axis —> Scattering angle _ _
Elastic scattering — Q

Accelerator — TOF — Time-of-flight

hot source
o-— 7C2

rotating beam shutter (LLB)

monochromator :
(3 collimators inside)
Ge 111 ;Cu 111 ; Ge 311

collimator

Oxford School on Neutron Scattering Gabriel Cuello - Institut Laue Langevin 04/09/2019 43



DAC @ ILL

Array of 9

Microstrip
Detectors \
'
Detector 9

e NG
N N
Shielding\1 A2 NN\
o 3
- W] A
\
A i

Monochromator

Primary
Shutter

/| .
— o i 1|

N | = Detector 1

Beamstop
“Cloche”

Beamstop
Vertical Evacuated Detector
Slits Sample Chamber .~

Neutron Sample

. Turbo P
Beam Monitor '“">°"U™P

. Secondary .»"".‘..’\Aown‘ent
Shielding Shutter " Limits

(A) (10" ncm™s™)

Si111 1.807 0.7 5.0 Ir Q dm 20
Cu220 1278 0.5 4.5 Rh
Cu33l  0.829 0.35 0.3 Non
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—_———————————

Instruments @515 (_—

Sample Tank Banks 6 & 7
142°-171°

Bankl Bark2 Barnk3 Bank4 Bank5 Bank5.
5°-12° 13°-21° 24°-45°  spe_74*  79°-106° 106°—
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Data reduction

' E o ~ .
](29,&)):0(1)0 NEES(Q,W)E(]C) .
% kK - ,
1(20) = C®y N g / dw " S(Q,w) e(k)
Formal aspects e B

Bragg’s law (for Q)  constant 26

e Elastic scattering (diffraction) e
Integration limits (£)

e Stationary beam
e Constant efficiency detector
e One interaction processes (single scattering) v

1(20) =C D, N /4n (O, S(Q) +0,,.) €(k)

Practical aspects

———

e Monochromatic beam e beam.
* No background A
————> No sample ——> No problem!

e No attenuation

: : No environment
e Single scattering

No detector
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Experimental corrections

Instrumental effects Background noise

* Background Requires two measurements: Beam

e Detector efficiency P

* Detector dead-time * Empty beam | \ﬁZ Void

¢ Instrumental resolution (no sample, no container) ]‘K sample

position

Sample effects

e |nelasticity :

e Attenuation (container) e Sample-like Cd specimen 7Z.s_,ample_

e Multiple scattering fT gggcﬁ‘;en

e Normalisation |

e —

— 1,(20) = 1.4(20) + T [I(20) — 14 (20)]

o= f * - ‘ T = exp{—n o4(E) d}
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Inelasticity effects

1
e(k)

1(26) = C & Nj‘@/ ‘iw

Constant 29

;100
Constant 2@ E
% 50
g
—
h2Q2 @ 0
—92F + hiw — 2/ E?2 + wE cos20 2
2m w
=50
) e —
k Q 5 - B
Placzek’s correction s % = o s
0 (A1)
1

These effects are closely associated
to the detector efficiency
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Placzek’s expansion

Efficiency e Taylor expansion of 5(Q,,w) around (Q,w) — 5(Q,,®)
e Expansion of Q> — Qp?, €(k) and k’/k in powers of o/, .,
e Black detector, €(E) =1 « Energy integration

e 1/v detector, €(E) x E1/2
e Exponential detector, £(E) = 1 — exp{— o (E/E )¥/?}

1 1 do b2 m b2
€0 coh corr coh coh

10} — LA
For an exponential detector L A
a/2 os L ....C ”/ :: 1
Cir=1—-—— =2 °r _
eOé _ 1 o6f .- 06 " 1
¢, =3 _alats) el
8 8(e*—1) ST ]
02} L -
o - et T S

4 (eo‘ — ].) O'Oo.o 0.2 0.4 0.6 0.8 1.0 12
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Sample related corrections

Attenuation Sample Minimisation by choosing an

+ adequate sample geometry
Multiple Scattering Container

1

B - (20) B
I (20) = @ Is(20) — I8 (20) — 0285(2 gy (1o(26) - IC(29))) @

Paalman & Pings’ coefficients Blech & Averbach’ s correction

Cylindrical geometry Complete knowledge-of S(Q,m)
Numerical-simulation

.

Absolute scale
Vanadium diffractogram

Normalisation
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Final analysis

lexp(26) > s@ [ > g(r

Truncation effects
Window functions

. Model
Interpretation Simulation, e.g. RMC, EPSR, MD, etc.

3
>|3.8 A
= \
@1 /\ TN
/ AN
S
o) 5 10 15 20 >
A
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Further reading

General

D.I. Page, The structure of liquids by neutron diffraction, p. 173,
Chap. 8 in Chemical applications of thermal neutron scattering,
B.T.M. Willis (Ed.), Oxford University Press (1973).

dJ.G. Powles, The structure of molecular liquids by neutron scattering, Advances in Physics 88, 1 (1973).

A.C. Wright, The structure of amorphous solids by x-ray and neutron diffraction, Advances in
Structure Research by Diffraction Methods §, 1 (1974).

P.A. Egelstaff, Classical fluids, p. 405, Chap.14 in Methods of experimental physics, vol. 23, part B,
Academic Press (1987).

P. Chieux, Introduction to accurate structure factor measurements of disordered materials by
neutron scattering, J. Molec. Struct. 96, 177 (1993).

G. d. Cuello, Structure factor determination of amorphous materials by neutron diffraction, J. Phys.:
Condensed Matter 80, 244109 (2008)

H. E. Fischer, A. C. Barnes, P. S. Salmon, Neutron and x-ray diffraction studies ofliquids and glasses,
Reports on Progress in Physics 69, 233-299 (2006)

Examples
See the D4 web site (www.ill.fr/YellowBook/D4/pub/) for a list of publications arisen from D4 expts.

Visit the Disordered Materials Group at ISIS (www.isis.stfc.ac.uk/groups/disordered-materials/)
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Further reading

Examples with useful information about data treatment

D.M. North, J.E. Enderby and P.A. Egelstaff,

The structure factor for liquid metals:

I. The application of neutron diffraction techniques,
J.Phys.C1, 784 (1968).

H. Bertagnolli, P. Chieux and M.D. Zeidler, A neutron-diffraction study of liquid acetonitrile: I. CDsC*%N,
Molec. Phys. 32, 759 (1976).

J.L. Yarnell, M.dJ. Katz R.G. Wenzel and S.H. Koenig, Structure factor and radial distribution function for
liquid Ar at 85 K, Phys. Rev. A 7, 2130 (1973).

Corrections
G. Placzek, Phys. Rev 86, 377 (1952).

A K. Soper and P.A. Egelstaff, Multiple scattering and attenuation of neutrons in concentric cylinders: I.
Isotropic first scattering, Nucl. Instr. Meth. 178, 415 (1980).

I.A. Blech and B.L. Averbach, Multiple scattering of neutrons in vanadium and copper, Phys. Rev. 13%,
All113 (1965).

H.H. Paalman and C.dJ. Pings, Numerical evaluation of x-ray absorption factors for cylindrical samples
and annular sample cells, J. Appl. Phys. 383, 2635 (1962).
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