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Motivation
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quantitative and well-developed.

Electron PDF: Emergent

Advantages: Spatial resolution, elemental contrast,
sample amount.

Challenges: Electron form factors, dynamic
scattering, instrument function unknown.
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Transmission electron microscope instrument contribution to electron

diffraction modelled by a pseudo-Voigt convolution to a Debye Scattering
calculation for monodisperse particles.

* Synthesis and grid preparation
* TEM illumination and setup

* Data processing

* Modelling and Refinement
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Synthesis of Fe;0, particles
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(1) Synthesis : (@) Centrifuging . (@) Vertical drop casting
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Monophasic Fe;0, Nanoparticles . 7. =
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Narrow Distribution Thin Film Formation

E:‘.‘me,n: 4.34 nm
std: 0.89 nm
Particles: 503
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TEMs & Detectors
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TEM Configuration
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Aperture and Lenses
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Reciprocal Space Calibration
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Data Acquisition
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CCD

Spot 2
7 s exposure

CMQOS
Spot 4
1 s exposure
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Diffraction Pattern Modelling
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Diffuse Scattering
and Defect Structure

Simulations
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Spherical Particle model
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Debye Scattering Equation

Sin(QTij)
Qrij

N N
Debye(Q) = ) ) fif

i=1 j=1
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Sample Contribution

Peak broadening Instrumental | (Q)

Particle size BI

Fixed: Unit Cell Length (a), Particle Size

Strain
€= p./4tan@

Refined: Instrument contribution (w),
. Thermal parameters (B), Background,

Instrumental Convolution  Scale

PU(Q) = (1 = L +1G
I(Q) = Debye(Q) ® PV(Q)

FWHMG =u-Q*+v-Q+w

Unaccounted: Strain
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BACKGROUND MODELLING
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Debye Refinement
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Intensity / residual

Intensity / residual
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3 regions of interest (ROIs)

Fe304 ROIs: Refined Parameters (mean * o)

F30: spot 2, 400 nm beam, 380 rm KL

Parameter 4.3 nm PEDOFF 43 nm PEDOM 5.3 nm PED OFF 5.3 nm PED ON

w(AT) | 2e-03+6e-04 | 3e-03+2e-04 @ 2e-03+6e-04 | 3e-03 + 1e-04

n 0.9999 + 0.0002 0.99993 + 0.00005  0.99 + 0.02 0.96 + 0.04
Bmetal 1.3 +03 131+ 0.05 1.0 + 0.1 0.7 +0.3
Banions 0.3 = 0.1 0.31 + 0.03 1.3 £ 0.2 1.1 0.2

Ry (%) 2.8+ 09 28 +0.2 1.8+ 03 1.6 £ 0.2

2
FWHMg = w
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Instrument Function
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Intensity (a.u.)
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Fe;0, 4.3 nm Fe;0, 5.3 nm

F(Q) up to 18 A1 F(Q) up to 15 A1 F(Q) up to 18 A1

Exp/Calc

Intensity

= G exp

« G exp

Subtract refined — G_calc = G_calc
background — residuals —— residuals
Ry = 36.00 % Ry = 18.54 % Rw=25.82 %

Background
subtracted

Electron form
factors
normalization

Glr)

Structure
function F(Q)

Sine Fourier
Transform
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Conclusions and Perspectives - .

* The crystalline particle model is a good approximation.
* Debye calculation presented good agreement for diffraction intensities.
 Lorentzian convolution approximates TEM instrument function.

* Precession alignment increases instrument FWHM but improves
reproducibility.

dUnit cell and thermal parameters input from X-ray and Neutron diffraction.
Refine instrument function for LaBg source and third particle size.
JdIimprove model with ligand simulation.

disolate contributions of beam convergence and detector point spread
function.
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TEM Instrumental Contribution
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Reciprocal space (Q) Real Space (r)

Peak broadening Instrumental I (Q)

Particle size B

Strain
£ = fB./4tan@ N Qdamp

{ Crystallite
1 Strain

Diffraction damping at High-Q

Displacement factors (B, ADP)
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