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Bicrystallography in two dimensions:
A graphical procedure

By Andrew Maas
Portland State University
Nano-Crystallography Research Group
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e

What is Blcrystallograph? o

e Describe Ideal Bicrystals
e Atomic Level Description

e Like crystallography, but studying
bicrystals, rather than monocrystals.

e Correlate physical properties to
internal structure (Shubnikov-Curie
principle)

e |deal 3D bicrystals related to real
ones by free energy minimization
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State of theFleId

e ~6000 pages of structures

in the International Tables
of Crystallography

Less than 10 pages of the
6000 dedicated to domain
and grain boundaries

Can we make useful
Bicrystallographic
predictions in such a way as
to encourage the
community to discover
more bicrystal structures?

Portland State
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Breakdown of International Tables of Crystallography

Bicrystal:
10.0 Pages )

Monocrystal:
5990 Pages

M Monocrystal [ Bicrystal
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ObJectlve

 We want to see more discovery
of bicrystal structures

e High quality sub angstrom
resolution images available for
the first time

e Create straightforward method
to make predictions for, and to
help interpret, these new images

Portland State !

UNIVMERSITY



:.".'.'.'I- "..n ..,'_‘... -
i. -
i

i '”:f:j:.':‘fi’ "-'1’:0" ;33': 1.1:.“'.3'"‘}" ‘-
1%

o {Eariies
T A e

Why 2D Blcrystallography? "

e Growing availability of pecron soure ||
quality aberration

Object on fine grid - i

corrected STEM images it

|“l_|1'l| tive lens It ':"' T

* Projection technique,
2D output L

* Make predictions of i [@T;;:
what will be seen in |
experiment

|"|1nl-.-ur,||||||- }Jl.ﬂl.‘

* |nterpret STEM images s
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Terms and AbbreV|at|ons

* Simple (SC), Body Centered (BCC), and Face
Centered Cubic (FCC), refers to a crystal lattice
that has a cube shaped unit cell:

a

(a) Simple cubic (b) Body-centered cubic (c) Face-centered cubic
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Terms and Abbrvan

(510), (310), etc. refers to a plane drawn through a

crystal. (510) is the plane passing through (5,1,0) in
the coordinate system of the crystal. The sectioning
line (gray) follows this plane in 2D projection.
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e A method shown in “A Roadmap

’p.\
For The Use of Interfacial 7
Symmetry Groups” by G. Kaloniji. 4

Step 1 Ste;Ed/
e Published in 1985, did not account P \ -
for boundary migration and Fy

expansions 9

e QOur method is based upon these
steps, and carried out in the
drawing program GIMP
(www.gimp.org)
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I\/IatLab to Create Slmulated Images

e MatLab code outputs:

 Crop, copy, and
expand to desired
lattice size

e Code outputs (001)
projections of Simple,
Body Centered, and
Face Centered Cubic %D 4mn 600 G0 1000 1200 10D 1600
lattices
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Create‘the Two Lattlces

o After expanding
the monocrystal
lattice, create a
copy of it in
GIMP

 These are to be
the two

interpenetrated
crystals
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Apply Rotation

File Edit 3Select View Image Layer Colors Tools Filters Windows Help

11.31

Angle:

| =

4l Center X: | 5000.00

8| Tool Options =

Center ¥: |3339.00
Rotate

Transtorm: | =7 | %

Direction

Help | | Beset | [ Rotate ‘ ‘ Cancel |

@ Normai {Forward)
() Comective {Backward)

Interpoiation:

Kl

Sinc {Lanczes3)

Chipping:
Adiust

L«

[] Show image preview

EXEH
Soomn

[tmage opacity 1000
Guides

Number of fines

[ 15 degrees (corf)

Soll 4

&
0
0
Q

pew || 125% | Clipboard copy #2 (3.0 GB)
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Apply Translatlon

 For our images, we align the Coincident Site
Lattice (CSL) points.

Step 3
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Apply Black White Symetry

Select a mirror line
(Green) to create an

/,llm’ boundary.

e Select aglide line
(Blue) to create an

/éllg’ boundary.

e Section with a line not
shown to create an

ﬁl’ boundary.

e The gray box outlines
the CSL unit cell.
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e The lower

extreme of the
selected area acts
as a sectioning
line.

Remove from the
lower crystal the
selected area.

Invert Selection
and remove from
the upper crystal.
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Remove partlally resolved columns

File Edit Select View Image Layer Colors Tools Filters Windows Help
[ _ |7
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e Exclude partial columns if their corresponding lattice
point is not on that side of the section line.

 The white points represent a mathematical lattice
after sectioning.
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Smooth and Polish

e Blur toolto
smooth hard
edges

* General touch up
to make things
look more
natural

e Some materials
need very little of
this
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Figures a, c are predicted structures
Figures b, d are Z-Contrast STEM images
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Figures a, c are predicted structures
Figures b, d are Z-Contrast STEM images
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Figures a, c are predicted structures
Figures b, d are Z-Contrast STEM images
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Figures a, c are predicted structures
Figures b, d are Z-Contrast STEM images
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The Future of the Project
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e MatLab code improvements

/1" boundaries

Integration into Open Access Crystallography
(resources available at
nanocrystaIlography.research.pdx.edu)

p Portland State

Open Access Crystallography

Interactive Databases
€OD Mimor
EDU-COD
Crystal Merphology Database

Nano-Crystallography
Database

Wili Crystallography Database

Nano-Crystallography Group

Tools

IYCr2014

Crystallography in the Worid

Facets of Electron
Crystaliography 2010

Crystallography Open Database [Wirror, Wiki C Database Saarch and view

modified search interface and JSmal/Jmol

displays] Seaich and wew
Nano-Crystallography Database Search and vew

MRS Tutoral and Seminars
2000

Links

Login

Upload

COD offshoot Search and view

OUK”

Crystal Morphology Database Ssaich and visw

Bicrystallography Open Database coming soon

UNIVMERSITY
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Formula: Cu

3D Model Controls:

Display options

¥ Unit cell ! Spm [ Label element(s)
Atonuc:
Wirefram |bonds off '|

Axes: [UVW v |

Show: | Conventional unitcell |

Stereo: Té‘{_;;_‘é}m&; affm_'_'

Background: | Grey |

| Rotate X axis 45° I Rotate Y axis 45° | Rotate Z axis 45°

Reset | Console

| Zoom 150% | Zoom 100% | Zoom 50% |

Draw Planes

[None v |
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SYMMETRY GROUPS OF GEOMETRICAL OPERATIONS

THE TWO CRYSTALS INVOLVED IN IMPOSING RELATIVE
RIGID BODY ROTATION AND
TrRANSLATION, (RIT)

Thank you for

GROUP OF THE DICHROMATIC
PATTERN. Ggcpr (POPULAR

° °
CONSTRUCTS TRIVIALLY OBTAINED
H FROM Bzcp ARE DEsCRIBED It (B).

— d - o= “""'
ORIENTATION RELATIONS IN LocaTiON OF SYMMETRY DICTATED
PHASE TRANSITIONS, ORIENTATION EXTREMA WITH RESPECT TO VARI-
DEPENDENCE OF INTERFACIAL PROP- ation ofF (RIT)  KNOWLEDGE OF
ERTIES. CONSTRAINTS ON MORPHOLOGY. LOCATION OF EXTREMA IN )
SEE . INTERFACIAL PROPERTIES. SEE @

CHOOSE INTERFACE IN DICHROMATIC
PATTERN .

IGRuuP OF THE BICRYSTAL. Dpg + |

//I NN
| ~
SYMMETRY CONSTRAINTS ON /J“‘ s | \ \‘ | BicrYsTAL FIELD
INTERFACIAL TENSOR PROP- / AY ~_ | SPLITTING FOR SEGRE-
erties, See (B). / | \ ™| saten 1MPURITY
/ t \ ATOMS. SEE
/ ANALYSIS OF INTER-| %
¥ FACIAL VIBRATIONAL| %\
/ wones, See (B). \
/ \
/ AY
4 hY
Sh ubnlkov_ SymmeTRY DICTATED EXTREMA WITH SYMMETRY CLASSIFICATION OF
RESPECT TO PLACEMENT OF THE BOUN- INTERFACIAL PHASE TRANSITIONS,
C . P . . I' PLANE  ANALYSIS OF FACETTING ANALYSIS OF INTERFACIAL DEFECT
urie r|nC|pa . TransiTions, See (F). sTRUCTURE.  SEE () .
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