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Scattering experiment

y /
Dynamic structure factor 'll

NEUTRONS

FOR SOCIETY
S A O -
L (Q,w) = C ®p(A) N — — S(Q,w) e(X)
N dr
E= 52 o ~
‘monochromatic .mmvp‘l!
g
@, detector

(b) L, * hw=E —E G=k-Fk
o Mh.f.l,m o hl @ _9F 4 hw — 2B/1+ % cos20
pulsed source e

Total scattering

Ermax B
Eoa(@ = C oW N - [ 5 8(Gw) e¥) do
s
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Experiment
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Static structure factor: Ideal case

y /
Approximations ?o%%g
® Monochromatic N =2
® Elastic scattering
® Single scattering (CW) Q= 47” sin @ )
® No attenuation G
® No background (TOF) Q= 2%’: sin ¢ -

® Monoatomic

N

I\ (Q) = C Po(N) — i

()‘) (Ucoh S(Q) + Uinc)

Iog \(Q)/Ocon 4T Oinc

S@ =73 do(A\) eA) N 0con
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Scattering measurements

7/ §

@® Sample: sample in its container PR 2oy

® Container: empty container

® Instrument: empty instrument
(or sample environment)

® Vanadium: vanadium standard for normalisation

® Nickel: nickel powder standard for calibration
(A and 26))

® Absorber: “black” sample for low-angle background

©O@0OO®®

Isce Iace
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Other required measurements

Sample: mass and height in the container

Container: inner and outer diameter

Beam: beam dimensions on the sample

® Beam: wavelength (1))

Sample density (macroscopic density)
For each element /isotope in the sample:
® Atomic fraction
® Neutron cross sections:
Coherent, incoherent and absorption
® Scattering lengths: Coherent and incoherent
® Mass number (A = M1/ Mneutron)

Same information for container and vanadium rod

Cuello (cuell
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Data collection: From raw data to diffractograms

F// §
ndent programs FOR SOCETY

¢ Two-axis instruments, CW

¢ Software for data collection (NOMAD) -~
¢ Raw data in ASCII or Nexus formats . :7 1
® Basic software to produce / e 7

diffractograms:

® Dead-time correction

® Relative efficiency (for multidetectors)
Instrumental geometric effects
Zero-angle correction
Measured angles or binning

¢ Output diffractograms (3-column files):
® 20,1, 0

° I, o
Q1 D20 at ILL.
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Detection NEUTRONS
Plane o5t an

la FOR SOCIETY
Typical A = 0.5 A

® ()-range:
0.3 -23.5 A1
pumay 7552\ Very low and stable
: ST background

Array of 9
Microstrip
Detectors

Very high stability

” Neutron
Beam

Bad resolution in
St . Q)-space

¢ Nine detection banks (9 x 64 = 576 cells)
e Ten positions for a single diffractogram
¢ Disordered systems, PDF, mPDF, absorbing samples, NDIS
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Raw diffractograms

ydd
Sample TNP4035: (TiO2)p.4(Nb2Os5)0.35(P205)0.25 V[

NEUTRONS

FOR SOCIETY
Input data
20000 ‘-h
T
% 15000 4
i}
g
B —— TNP4035
£ —— MT belljar
- —— MT canB
z |
[ 1oo00 — Vana
c
z
£
5000 %h
0 | T T T T
0 5 10 15 20 25
Q1A)

Atomic concentration: Ti = 0.0741, Nb = 0.1296, P = 0.0926, O = 0.7037
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Background

[e] lele]e}

The simplest method

0t"-order: I(Q) ~ Isce(Q) ,g%!
1%t-order: I(Q) ~ ISCE(Q) — ICE(Q) FOR SOCIETY

Input data

20000 L|
3 15000 1
=
3 —— TNP4035
E —— MT belljar
= —— MTcanB
2 1
7] 10000 —— vana
2
b}
£

5000 4 ‘\:]tkh
0 | T T u u
0 5 10 15 20 25
QA1A)

28 order: 1(Q) ~ Iscr(Q) — [fu Icr(Q) + (1 — fu) In(Q)]
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Classical method

y /
Attenuation and multiple scattering ,g%!
1
1(20) R (Iscr(20) — Mscr(20)) —
Ry(20)
R (20) - (Ic(20) — Mcg(20))
R3(20)
Ry (2p)  F(20) — Me(20))
B _ Acsce(20)
R1(20) = NAs scr(20) Ry(20) = Ao on(20)
1 Acscr(20) Ag CE(29))
R3(20)=—— (A 20) — : -
3( ) AE’E(QH) < E’SCE( ) AC’CE(QQ)
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Attenuation factors: Paalman & Pings

7/ §

Calculation NEUTRONS

INQ) = Anm(20) Ir°(Q)
N=[S,CE,...] M= [SCE,SC,E,...]

1 o
Anm(20) = 3~ /V dV exp ( > Mkfk(r,%))
b

b

keM
AS,SCE(QQ) AC,SCE(QG) AE,SCE(QG) CW  A-dependent because
Ac CE(29) AE,CE(QQ) of the inelasticity
Av vi(20) AgpvEe(20) TOF naturally A-dependent
Agp(20)

w(N) =po(N) =p (0sca + Taps(A)) Osca: bound/free (= A-dependent)

G. Cuello (cuello@ill.fr) ILL, Grenoble
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e Single: Only one scattering FOR SOCETY

process in the sample

15(20) = 1(20) — M(26)

e Multiple: All other scattering
processes

% §(R/h, uR)
M(20) = 1(20) 1 — % §(R/h, uR

Mscg(20) MCE(QQ)]
Myg(20)  Mg(20)

Software: CORRECT (Studsvik, ILL), GO (LLB), GUDRUN — DISSOLVE (ISIS), ...
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Vanadium ()-dependence

7/ §

Incoherent cross section NEUTRONS

FOR SOCIETY
2
A
Oinc,free = Oinc,bound T—i—l

Logistic model

S(Qa Ib7 5@7 QO) = Ib

Instrument dependent behaviour:
mainly resolution

XS/BoundXs

P
pv(Q;(aii=0,P) =Y a; Q'
=0

v(Q) = pv(Q; (ai,i = 0, P))xs(Q; I, 0Q, Qo) o
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NEUTRONS
Vanadium: Rebinned data in Q scale Vanadium: Fitting the self scattering FOR SOCIETY
— weere o experimental data
19500 — initial model fited data
oo — bestit
o000 — inelastic companent
instrumental component

Intensity arb. units)
g

17500

17000

18500

16000

16000 H 10 15 20

o awh

Vanadium: Normalised data

0500

— Model
— Vanadium
0475
0450
0425

bound
- Ty norm(@) = ancoh [v(Q)
- V norm Ar pV(Q)

0325

do/d (barns/sterad/atom)

0300
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Vanadium normalisation

-
—_ O_eopndh & 1% VV IS(Q) FOR SOCIETY
N N pset Vet pv(Q)

TNP4035: Normalised data in Q scale

IS,norm(Q)

0.025

—— (Sample+Can+Env)-(Can+Env)

0.020 1

0.015 A

0.010 4

dofdQ (barns/sterad/atom)

0.005 A

0.000 T T T T
0
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@ Scction 4: Static structure factor determination




cture Factor

Sample self ()-dependence

y /
Mass dependent model: gg!
e Low-A: Pseudo-Voigt or sigmoidal functions FoRsocET
¢ High-A: Polynomial (or Placzek) function

TNPA035: Normalised data in ©

ooz

i W

& T e
o e
"TNP4035: Fitting of the self scattering
002
A
oot
H
2 oow
2
5 ooos
E 0.000
H
g ~0.005
g
~0.010 ® Experimental data
Fitted data
oot — et
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Removing the self contribution

Structure
ooe
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TNP4035: Structure Factor

—— Structure Factor
—— Structure Factor extra
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@ Scction 6: Real space correlations
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Definition of the correlation functions

Pair Correlation Function 5%!
2 o0
G == [ @ (5@ -1 sin(@r) aQ

Pair Distribution Function

FOR SOCIETY

G(r)
4 pr

g(r) =1+
Radial Distribution Function
RDF(r) = 47r2p g(r) = r G(r) + 47r?p

Linearised Radial Distribution Function
T(r) = RDF(r)/r = G(r) 4+ 4xrp
Running Coordination Number
Clr) = / RDF() dr’
0

G. Cuello (cuello@ill.fr) ILL, Grenoble

atment £ p uary 13" 24 / 38



The integrand in the Fourier transform

TNP4035: Integrand for the FT

—— Structure Factor
--- Extrapolated Structure Factor

Q(s(@-1)

20

.‘\‘M/\‘V\r/.\/\/’”»q\]\

ﬂﬂmlm i
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FOR SOCIETY

/0 T Q (5(Q) — 1) sin(Qr) dQ

I s i
‘m“w‘( v'\w“‘w“’”“‘\v N

tr ent



Fourier
[e]e]e] lelele]e)

The window function: Lorch
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Normalisation

I : ! T o —
! sinc(Q) —— |

1=A Qmax / SIH(LL’) da o8
0

™ x

°
&

Window function
o
kS

—A Qmax Sl(ﬂ') — A Qmax 1.851937

™ T

°
S

L(Q) - 054 QL SinC( Qﬂ- > 0 s 10 o 5 2% o
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The correlation functions: First step

.ll
Pair distribution function '

20 NEUTRONS

— PDFstep FOR SOCIETY
—— PDF Lorch

g(Rr)

0.5 4

0.0 4

00 2.5 5.0 7.5 10.0 125 15.0 175 20.0
R(A)

Pair correlation function

—— PCF step
154 — PCF Lorch

G(R) (atoms/A?)
o
>




Repulsion region

Pair distribution function

9(R)

—— PDF step

R(A)

strong repulsive
forces

@0
A

R<o

Fourier
00000000

Removing
oscillations at
low-R

Lennard Jones
Interatomic Potential

separation at
energy minimum

12

( o-))

9

=
s
= - 2 —
. H ﬂ E ' R=1.120
BS o 5 : / R ‘ R
- 3 ; R
N\ C 5 !
— > 09 10 1112 13 14 15 16 17 18 19 20
P — < g ; Y
3 | weak attractive
& } force
s 1 o -0
Ty repulsion | attraction
1
G- G
1
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Back Fourier transform

7/ §

9(7")—1 = 47rp7' / Q ) _ 1) Sin(QT') dQ FOR SOCIETY

7I.2 00
S(Q)—-1= éQp % /0 r (g(r) —1) sin(Qr) dr

TNP4035: Structure Factor

141 —— Experimental
—— Back-FT
—— Difference

0.8 1

S
w
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[terative process

Static structure factor

Fourier
0000000e
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1.2 4
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0.8 50(Q)
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@ Section 7: Final results
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Pair Correlation Function
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G =2 [7Q (5(Q) = 1) sinQr) dQ

TNP4035: Final Pair Correlation Function

15

—— Final

1.0 4

0.5 A

0.0

G(R)

—0.51

-1.04

-1.54

T T T T
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Results
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Pair Distribution Function

NEUTRONS
G(T‘) FOR SOCIETY
g(r) =1+
4 pr
175 TNP4035: Final Pair Distribution Function
) —— Final
1.50 4
1.25 1
1.00 1
&
® 0754
0.50 1
0.25 1
0.00 1
0.0 25 50 75 100 125 15.0 175 20.0

R (A)
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Radial Distribution Function
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RDF(r) = 47r?p g(r) = r G(r) + 47r?p

TNP4035: Final Radial Distribution Function

30
—— Final

254

20+

RDF(R)
=
w

10 A




Linearised Radial Distribution Function

T(r) = RDF(r)/r = G(r) 4+ 4xrp

TNP4035: Final Linearised Radial Distribution Function

—— Final

Results
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TNP4035: Final Linearised Radial Distribution Function

— final

"

1 2 H a
R

TNP4035: Final Linearised Radial Distribution Function

—— Final

Results
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Multi Gaussian fit

CN = Area - Center

FWHM =2+v2 In20

Distance CN FWHM
A) A)
1.524 0.854 0.208
1.897 0.831 0.217
2.088 0.898 0.220
2.468 1.128 0.222
2.782 5.456 0.485
3.383 3.942 0.515
3.886 6.237 0.488
4.346 5.231 0.560
5.222 44.116 1.463
5.833 3.997 0.437
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nd the experiments

y /
Numerical simulations gg!
RMC, TOPAS: Reverse Monte Carlo FORSOCETY
EPSR: Empirical Potential Structure Refinement
MD: Molecular Dynamics
Structure refinement

PDFgui, Diffpy

20
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Thanks and questions
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Thank you for your attention!
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