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Which is more cubic?
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Distortion = anisotropy
g = = 2 CaCu;Mn,0O,,
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Methodology

Construct a function which can identify
cubic parallelepipeds. It must also be:

* Dependent on all the lattice
parameters only and not on their order

* Volume normalized

» Equal to zero if and only if the shape is
a cube

» Display an obvious trend as one
lattice parameter Is varied
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Resulting metric
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Low angle divergence correction

Two versions of CDMfora=b=canda=8=y
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Piecewise definition

a 1 b 1
Merace aB = - + — y = 90°
e P \/az + b% — 2abcos(y) V2 \/a2 + b%? — 2ab cos(y) V2
<
) 1 + ° ! < 90°
- — 14
_ [Va? + b2 — 2ab cos(y — 180°) V2 Ja? + b2 — 2ab cos(y — 180°) V2

And similar for the remaining two faces, such that:

1
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Outline

1. Interpreting phase transitions

2. Comparison to tolerance factors

3. Interpreting structure-driven properties
4. Informing the synthesis of new materials
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1: Pseudobrookite phases

Named for the orthorhombic parent mineral brookite
(T1O,), pseudobrookites are notable for their open
channels along the c-axis.

Cmcm (o) Cc2/m (A) c2
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Clearer comparisons
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2: Homologies & tolerance factors

« STFs can predict the
Ry + Ry stability of new phases
V2 (Rg + Ry) before synthesis

i —

- » Structural homologies
é""r& follow trends dependent

@ . D g
PADY IS on lonic radil, and
X therefore tolerance
T'C1 T>1

(loosely packed ions) (tightly packed ions)  1actors also show trends.
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requiring only ionic radii.
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Quaternary tolerance factor
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CDM separates trends
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3: Piezoelectric materials

* The piezoelectric modulus dg,
guantifies volume change under
applied electric tield.

* In the Wurtzite crystal structure,
the change is driven by cation-
anion separation along the c-axis.

* Theory and experiment agree that
the ratio of c:a lengths in Wurtzites
1 correlates with dg,
- 4
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Known d,, trend
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CDM replicates known trend
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CDM replicates known trend
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Possible applications?
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Superconductivity “"domes”
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CDM suggests new candidates
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Conclusions & future work

* A volume-normalized tool called the CDM was
developed for application to all 7 crystal systems.

* This tool acts as a quantitative descriptor to be used
alongside words such as “pseudocubic”.

* The CDM is best suited for post-synthesis analysis, but
can inform materials design.

* Future work includes such as applications as mixed-
phase systems (solid solutions) and more rigorous
mathematical investigation of its limits
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Links to our work

Our paper in progress CDM implementation Comparison to similar
tools
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https://doi.org/10.48550/arXiv.2508.01177
https://github.com/sbernierjhu/CDMdata
https://shannon-bernier.github.io/Previous%20work%20similar%20to%20the%20CDM.pdf
https://shannon-bernier.github.io/Previous%20work%20similar%20to%20the%20CDM.pdf
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