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Diffraction pattern

Bragg’s law: I a |F|2
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Electron diffraction pattern
Long-range structure

Bragg spots

Long- & medium-range structure

Bragg spots & Diffuse scattering

Short-range structure

Diffuse features & no Bragg spots

Co oxide particles Pb(Zr, Ti)O3 Amorphous Si oxide
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Diffraction and PDF

Real space information Diffraction pattern
(Reciprocal space)

- Fourier transform of the scattering (scattered intensity)

- Histogram of inter-atomic distances

Calculating PDF
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Pair distribution function

Peak position atomic distance

Peak area            Coordina1on no.

Peak width           disorder (instrument)

radial distribution function 
(independent of orientation)

Rmax particle size
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MAX IV and European Spallation Source (ESS) 
in Lund

• Neutron 
• Synchrotron x-ray

MAX IV 

ESS

• Electron
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Synchrotron & Neutron
• Large faculties
• Sample size:

Meters -> ~100 nm
Thick sample

• Qmax ~ 30-50Å-1

• Relatively weak interaction

• Very good average 
overview of structure

Electron
o TEM in a lab
o Sample size:

Few hundreds nm -> sub-nm
Thin sample

o Qmax ~ 10-20Å-1

o Strong interaction

o Versatility of microscope
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X-ray vs electron

X-rays

electrons

Normalized scattering factors 

Q (Å-1)

Electron has scattering power >10 000 times stronger 
than x-ray does!

Q = 4π sinθ / λ
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Work flow

SUePDF
Journal of Applied Crystallography, 50 (1), 304-312 (2017)

Structure Function

S(Q) =1+
I (Q)− fe

2 (Q)

fe (Q)
2

Q = 4π sinθ / λ

Reduced Structure Function

Reduced PDF
G(r) = 2

π
Q[S(Q)−1]sin(Qr)dQ

0

∞

∫

PDF

g(r) = γ (r)+ G(r)
4πρ0r
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Q-range

Structure Function

S(Q) =1+
I (Q)− fe

2 (Q)

fe (Q)
2

Q = 4π sinθ / λ Laboratory-based:
Cu Kα X-ray: = 8 Å-1 (160o)
Mo = 17.4 Å-1

Ag = 24 Å-1

High-resolution X-ray: >20 Å-1

Neutron: >40 Å-1

Qmax

Higher Q; better results
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Q-range
Structure Function

S(Q) =1+
I (Q)− fe

2 (Q)

fe (Q)
2

QmaxQmin
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Shape (form factor)
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Shape (form factor)
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Shape (form factor)

Au
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Au nanoparticles
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12
11

10,3

8

10

12

bulk model
NP model
experimental NP

1st coordination numbers

16
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X-ray vs electron
𝑭(
𝑸
)

Au

Reduced structure function

Q (Å-1)
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Metallic glass

*X-ray data from Ivan Kaban, Dresden        (I. Kaban et al. Acta Mater 100 (2015) 369)

Cu47.5Zr47.5Al5
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Nanoporous carbon

TEM-based 
PDF

Graphite model
(Fayos, 1999)

Neutron-based RMC 
(Zetterström et 

al., 2005)

1st peak position 1.42 Å 1.43 Å 1.40 Å
2nd peak position 2.60 Å 2.47 Å 2.45 Å
3rd peak position 3.22 Å 3.14 Å 2.82 Å

1st coordination number 2.51 3.00 2.54

Amorphous-like 
nanoporous carbon
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Al/AlOx/Al Josephson junctions 

Si

SiO2 (400nm)

Al (15nm)

Al (60nm)

Sci. Rep. 6 (2016) 29679 Collaboration with Dr. Lunjie Zeng & Prof. Eva Olsson at Chalmers University of Technology
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NBED 
(~0.5mrad)

Qmax = 13 Å-1
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tetrahedral ([AlO4]-5)

barrier
center
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17× 27× 27 Å3

3.12 g/cm3

Al-Al: 3.1 Å
Al-O: 1.55 Å
O-O: 2.6 Å
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Al atoms with different colors have different O (grey) 
coordinaeon numbers.

456 Al and 681 O atoms 
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LIGO - Laser Interferometer GravitaLonal-
Wave Observatory 

LIGO at Caltech, 
https://www.ligo.caltech.edu/ hdps://www.ligo.org
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LIGO

Ti:Ta2O5 coaCng on glass
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Photocatalysts

Adv. Mater. 29 (2017) 1700555 
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Energy materials
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Amorphous (liquid-like) solids

Nature Mater. (2021)
hLps://doi.org/10.1038/s41563-021-01114-z
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Challenges

Synchrotron & Neutron

Data collecKon:
- Sample
- background 
- container

CorrecKon:
- AOenuaKon
- mulKple scaOering

Electron
Data collection:
- Sample + background

Not easy for electron scattering (dynamical scattering)
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Thick regions

Amorphous silica

t/l
0.7

2.5
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Intended study & Investigation

• ePDF slightly different to neutron and x-ray PDF

• “standard” routine

• background modeling and extract diffraction intensity
• ePDF calculation, including size and shape
• structural modeling or simulation (e.g. RMC)

• Applying to different materials
• Different conditions (heating, cooling, etc…)
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ePDF

pyxem: https://github.com/pyxem/
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https://github.com/pyxem/pyxem/releases
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Pb-based perovskite ferroelectrics

(a)   (b)  

(c)   (d)  
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Bragg reflections subtracted A. Neagu, PhD Thesis (2018)
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