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Crystal models

A hierarchy of models:

The Rings and
positions In atom-bond cages
Faujasite. network. identi ed.
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Capturing all space

Here, the remaining
space Is split up into
“super cages” to form
a tiling.



The “natural” tiling
for the PAU
(paulingite)
framework.

Tilings have been
proposed as
models for matter
time and again
since antiquity.



PLATO thought that the elements re, air, water
and earth were composed of regular, tetrahedra,
octahedra, icosahedra and hexahedra (cubes),
respectively.
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ARISTOTLE later objected: most of these shapes
do not Il space without gaps.




The diamond net as a sphere
packing. KEPLER used these to
explain the structures of snow

akes.

Compressing evenly
yields what we now call a
Voronoil tiling. Both
concepts are still popular.
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Delaney-Dress
symbols also
work in higher
dimensions, but
testing which
space they make
tilings of gets
much harder.



Each Delaney-Dress symbol corresponds to a
symmetry group presentation. Is it one of the 230
space groups? The group with only translational
symmetries is the simplest. Using our knowledge
of space groups and some computational group
theory, we can reduce the problem to that case.
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Recognizing Euclidean blueprints boils down to
testing whether some Delaney-Dress symbol
describes a triangulation of the 3d torus, the
space obtained by gluing each face of a cube to
its opposite. Known algorithms are very slow, but
simplifying the blueprint usually helps.
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A spatial tiling is simple if
It has four edges meeting
at each vertex and one
face at each angle.



A spatial tiling is simple if
It has four edges meeting
at each vertex and one

face at each angle.

It Is uninodal If all vertices
are related by symmetry.



Simple tilings

A spatial tiling is simple if
It has four edges meeting
at each vertex and one

face at each angle.

It Is uninodal If all vertices
are related by symmetry.

There are 9 types of
simple, uninodal tilings in ordinary space.

(O. DELGADO FRIEDRICHS, D.H. HUsON. Discrete & Computational Geometry, 1999)
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Petroleum crackers

Of the 9 types of
simple, uninodal
tilings, 7 carry
approved zeolite
frameworks as of the
"Atlas".



Of the 9 types of
simple, uninodal
tilings, 7 carry
approved zeolite
frameworks as of the
"Atlas".

SOD

But how can we RWY
produce all the other
frameworks?

FAU

RHO

KFI

LTA

CHA



Some recent approaches to nding new potential
zeolite structures (and others):

= Numerical scan (O'KEEFFE et al.).

m Vector-labelled graphs (KLEE, THIMM et al.).
m Symmetry-labelled graphs (TREACY et al.).
m Tilings on embedded surfaces (HYDE et al.).



The diamond net has no simple tiling — but
almost. We just have to allow two faces instead
of one at each angle. The tile is a hexagonal
tetrahedron, also known as an adamantane unit.




The diamond net has no simple tiling — but
almost. We just have to allow two faces instead
of one at each angle. The tile is a hexagonal
tetrahedron, also known as an adamantane unit.

There are 1632 such quasi-simple tilings.



The tiling for an atom-bond graph is not unique.



The tiling for an atom-bond graph is not unique.



The tiling for an atom-bond graph is not unique.

So, which tilings are natural for a given graph?



De nition: (simpli ed)

A tiling Is called natural for the net it carries Iif:
1. It has the full symmetry of the net.

2. No tile has a unique largest facial ring.

3. No tile can be split further without violating
these conditions or adding edges.



Natural tilings

De nition: (simpli ed)
A tiling Is called natural for the net it carries If:

1. It has the full symmetry of the net.
2. No tile has a unique largest facial ring.

3. No tile can be split further without violating
these conditions or adding edges.

Note: A natural tiling a described above need not be
unique for its net. Additional rules have been formulated
that often ensure uniqueness in practice.
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Natural (quasi-)
simple tilings

X

m The 9 simple tilings are
all natural.

m Of the 1632 quasisimple
tilings, 94 are natural.

= Among these 103 tilings, AFI
No net appears twice.

= All 21 uninodal zeolites
appear, except ATO.

m ATO has a natural tiling
which Is not quasisimple. ATO



Which are the spatial nets every school child
should know about? Here's one suggestion:

The 5 regular nets and their tilings.
(O. DELGADO FRIEDRICHS, M. O'KEEFFE, O.M. YAGHI. Acta Cryst A, 2002)
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Other scales

Cellular structures occur in nature at all scales.
How can we grasp their shapes and dynamics?

(Image: Doug Durian, UCLA Physics) (Image: Sloan Digital Sky Survey)
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Thanks for your attention!

Software Is available at

WWW.gavrog.org
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