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Four aspects of small box modeling

Small-box modelling
What PDFgui is for — and what it is not

What the calculator knows

Thermal, Qmax, Qdamp, size, correlated motion

Parameters and project structure

Datasets, phases, handles, wizards

A hidden local state

AgGaTe2 — NTE as a nanoscale distortion
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01 THE PROBLEM

Where small-box PDF lives

Non-crystalline Nanoscale Disordered crystals

particles, cores, nanoscale
interfaces heterogeneities

liquids, glasses,
polymers

S.J.L. Billinge & I. Levin, Science 316, 561 (2007) — the average cell is not always the structure that functions.

molecule crystal

Molecule - cluster - nanoparticle - nano-domain crystal - periodic crystal %ot

£ )

9

PDF keeps the diffuse intensity on equal footing with Bragg. Small-box modelling asks: how far can one (or a few) unit cells, plus ADPs
and an envelope, explain G(r) as a function of r?
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Three levels of model — climb them in order

Small box Large box Higher-level / ab initio

PDFgui / DiffPy-CMI / TOPAS RMCProfile / EPSR / DISCUS DiffPy-CMI, DFT, MD

Up to a few hundred atoms. 20 000+ atoms. . :
: . Diameter, stacking-fault
Rietveld-type parameters. Fit F(Q), G(r), Bragg. . .
probability, layer spacing.
Least squares vs G(r). A snapshot, not a free-energy :
. . - . Or forces instead of free atoms.
Fit as a function of r-range. minimum. Constrain hard.
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Three levels of model — climb them in order

Small box Large box Higher-level / ab initio

PDFgui / DiffPy-CMI / TOPAS RMCProfile / EPSR / DISCUS DiffPy-CMI, DFT, MD
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PDFgui is a GUI on the PDFfit2 engine

PDFfit2 does the work

C++ engine, Python-accessible. Calculates G(r) from a 3-D cell and least-squares-fits it to data.

PDFgui organises the science

Projects (.ddp), journals, live plots, parametric plots, T / doping / r-series wizards.

Symmetry is a constraint, not a prison

Coordinates and Uij can follow any space group — usually lower than the average cell.

It will not fix bad data

PDFgui is a calculator and a fitter. Reduction (PDFgetX3 / Gudrun) is a separate claim.
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The small-box contract

Periodic box P1 periodic boundary conditions. Translational symmetry is a metric, not a claim, if ry,,, is a few cells.

Few hundred atoms One cell, a supercell, or an expanded asymmetric unit — not a 20 000-atom snapshot.

Symmetry < average Local symmetry breaking is the point. Built-in generators for coordinates and ADPs.

Least squares vs r-range High-r = average structure. Low-r = local structure. The residual as a function of r is data.
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Effects PDFgui accounts for

Thermal broadening Correlated motion

Nearest neighbours vibrate together. deltal, delta2, sratio, rcut sharpen

Anisotropic Uij. Peaks widen with uncorrelated static + dynamic disorder. .
the first shells.

Finite Q Q-resolution (Qpp)

Sinc convolution. r-resolution = t/Qmax. Termination ripples if the tail is G(r) is multiplied by a real-space Gaussian. That is field-of-view, not

thin. particle size.

Particle size Radiation contrast

spdiameter: spherical envelope only. Non-spherical shapes need another X-ray = Z; neutron = bcoh. Isotopes and ions: dummy species in the lookup
tool. table.
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Thermal broadening

Thermal vibrations of atoms broaden PDF peaks anisotropic atomic displacement parameters (ADPs)
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Finite Q5

simulated nickel PDF

2 Qmax
G(r) = — / F(Q)sinQr dQ o
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= ideal F(Q) is multiplied by a step function
= (5(r) gets convoluted with a sinc function  sinc(r) = sin(Q,,, 1) / r = r-resolution = 1/Q,.,

= good r-resolution of G requires large Q,,,
Q =41 sin B/A = best results with TOF neutrons or high-energy X-rays

PDFqui
Incorporates
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Particle size
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damping depends on both shape & size!

PDFgui accounts for spherical shapes only
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Correlated motion
Nearest neighbors tend to vibrate in correlated manner this sharpens the NN peak(s) in PDF relative to distant peaks
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Q-resolution (Qpawp)

 Ideal F(Q) is convoluted by Gaussian to simulate finite Q resolution
* ((r) gets multiplied by real-space Gaussian with reciprocal width

| I | J [ | |
UJ' | —
25 1 e
2 08 exp -(r4Q)?/2)
':D —
15 =
0.6 |
1 | ‘
; 0.4} T <
05 o S “ “ , |
<
0 0.2 | ‘ \ ‘
05 . 0 . caf 01 [l ‘
5 0 5 0 5 10 15 o | y
Q r _ | | :
[} SR I i i o |
B B ""'“""““““""Hummﬂﬂllhw m“" I“ M "l Il”l hl” hm ﬁ I i ‘ ‘
o2
at n 1 n . . I " I . I 3
l 20 40 60 80 100 120 140

For G(r) to have good r-range high resolution in Q is required "

Q-resolution defines PDF “field of view”
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Parameters attached to a DATASET

vine Fvax

QMAX

Qdamp

Qbroad

dscale

Radiation

PDFgui -

Emil BoZin -

H-01

- 29 Sept 2026

User-selected fit range. Fixed. Narrow ranges correlate parameters.

Upper limit of the Fourier integral. Fixed. Sets r-resolution.

Gaussian damping from limited Q-resolution. Refine on a calibrant; fix on the sample.

Extra high-r peak broadening. Only matters at large rMAX. Same protocol as Qdamp.

Overall scale of that dataset. Refined. Can trade with pscale.

Neutron or X-ray declaration. Chooses the lookup table.




Parameters attached to a PHASE

deltal / delta2

Phase scale. Often correlated with dscale. 1/r and 1/r? peak sharpening. Strongly correlated.

sratio, rcut

Lattice. Refine with symmetry in mind. Rigid-unit sharpening inside a cutoff.
spdiameter

Fractional coordinates and occupancy. Spherical nanoparticle diameter (A).
stepcut

Anisotropic ADPs, symmetry-constrained. Hard truncate of G(r) above r (A).
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Handles, correlations, declarations

Syntax @pn

Parameters are assigned by handle: @1, @55, @321. Numbers need not be consecutive. Variables that share a handle share a
parameter. Do not assign the same number to incompatible types.

Correlations Dummy species

PDFgui flags parameter correlations if |p| > 0.8. Narrow r-ranges
make lattice, scale, ADPs and delta parameters trade. Qdamp and
spdiameter are notorious partners. Refine the instrument on a
calibrant first.

X-rays: Z from the element label. lons = a neighbour with the
right electron count. Neutrons: natural-abundance bg,. Isotopes
- invent a two-letter code and edit the lookup table.
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What you actually need to start

Data

.gr files plus Qmayx, radiation, chemistry, number density.

A starting cell

Space group, lattice, asymmetric unit, occupancies. CIF / xyz / PDFfit.

A calibrant protocol

Qdamp (and Qbroad if rMAX is large) from Ni or Si in the same geometry.

A plan forr

High-r first if you want the average; low-r if you are hunting a local distortion.
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Hidden local state in AgGaTe2

Diamondoid thermoelectrics — why is kL ultralow, and smaller in the Ag variant than in Cu?

Average (Rietveld) Local (PDFgui) The moral

Short-range distortion of AgTe4
tetrahedra, correlated over a nanometre.
Local rotations produce the macroscopic
NTE. The distortion emerges continuously
on warming.

Ag variant: negative thermal expansion
along c. Cu variant: ordinary. Ag ADPs
inflated in the ab plane — in-plane
nanoscale disorder written as ‘thermal’.

NTE is a bulk meter of a nanoscale
distortion. The average cell told you
something was wrong. Only an r-
dependent small-box fit named it.
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The paper, and why it needed PDFgui

Hongyao Xie et al., Adv. Mater. 34, 2202255 (2022)

Discovery via elaborate PDFgui modelling: local AgTe4 rotations, nanometre correlation length, continuous emergence on warming.
NTE is the macroscopic integral of that local texture.

Co-refinement Phase analysis

X-ray and neutron G(r) on one model when contrast disagrees. Ni + Si mixture: two cells, one dscale logic.

T / doping series Box-car r-series

Linked fits. Output of T_n seeds T_{n+1}. Walk a 4 A window. Rw(r) estimates a correlation length.
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Small-box software, without blushing

PDFgui TOPAS PDF

+ Very fast
+ Open source and free .
. . + Custom output functions
+ Simple GUI, shareable .ddp projects + Easv parameter aleebra
+ Wizards for T, doping, r-series yp g
+ Symmetry constraints out of the box

Commercial
Steeper curve; write your macros

— Slow at highr
— Cumbersome exports

— Spherical NP envelope only Also in the family: DiffPy-CMI (scripted,

composable), GSAS-II if your group already lives there.
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Download, tutorial pack, neighbours

PDFgui / PDFfit2
https://www.diffpy.org/products/pdfgui.html

Tutorial files (ILL pack)
https://workshops.ill.fr/event/509/attachments/583/2603/PDFgui-tutorial-2022.zip

DiffPy-CMI
https://www.diffpy.org/products/diffpycmi

PDFgetX3
Juhds et al., J. Appl. Cryst. 46, 560 (2013)

Farrow et al. 2007
J. Phys.: Condens. Matter 19, 335219 — the engine paper
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What to take into the tutorial

01 Start from a cell that Bragg already believes.

02 Fix Qdamp from a calibrant. Do not sell it as size.

03 High-r is the average; low-r is the argument.

04 One handle per physical idea. Watch parameter correlations, bad if |p| >0.8.

05 Escalate the box only when the residual has a name.
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