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2D IMAGE PROCESSING - FORGOTTEN OLD
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2D IMAGE DATA
Conic sections

Where is the incident beam on the detector?
Fit2D (& DataSqueeze) — assumes center of the diffraction ellipse - False
Analysis — G.P. Dandelin,

Noveaux memories de I’Academie royal de Bruxelles, 2, 171-202 (1822)
Drawing by Dandelin p.202

Taken from Dandelin’s original paper
Fig. 1. Shows the 2 spheres in contact
with plane EA

* line SO is cone axis

* F&D are the ellipse foci on the plane
He refers to a work by M. Quetlet as
having previously made this construction
- source?

This is not something new!

Dandelin sphere construction is used in
GSAS-II for image plate orientation
calibration
NB: Irena & pyFAl get this right
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GSAS-Il IMAGE DETECTOR CALIBRATION

VIA DANDELIN SPHERES

This Is just geometry

Plane E is a tilted area detector
The line SMM' is the Bragg cone axis
— incident beam direction & passes
through centers of both spheres
Spheres touch plane at foci (F & F’) of
conic section (ellipse)
Intersection of axis with plane (O) not
at halfway point (C) between F & F’
(ellipse center) — note similar triangles
MFO & M’F’O of different sizes
If plane is perpendicular to cone axis
then conic section is a circle and O &
C coincide
GSAS-II parameters:
d — sample-detector plane distance
¢ — detector tilt angle (= 20 4eiector)
v — tilt azimuth angle
XY, — beam position @ O on
detector
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2D IMAGES IN GSAS-II:

Calibration — tilted detector (e.g. 45° about vertical axis)

Ellipses — sections of
Debye-Scherrer cones

Ellipse centers —not on
beam center!

Fitting only requires
material (LaBg) and A
(e.g. don’t need to know
distance — get that from
fit)

Choice of color scheme —
“Paired” is shown

Detector 2-th = 6.513deg, dsp = 09504, Q = 6.61059A-1, azm = -40.19deg, I= 167
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2D IMAGE POLARIZATION DETERMINATION

Sample — glass microscope slide — purely amorphous & isotropic
Polarization correction: azimuth (@) dependent

P = [(1 — p)cos’e + psin®@|cos?20 + (1 — p)sin®¢ + pcos’e

Xis, mm
N
w

Image y-a
- N

gty

Integrate in band w/o mask box
Match if polarization is correct
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2D DETECTOR GAIN MAP

Sample — glass microscope slide — purely amorphous & isotropic
Image corrected for polarization (automatic in GSAS-II)

glass_d300_v-0_4s_15-00000.tif GainMap300.G2img
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Integrate, compute ave image & subtract; residual is gain map (x1000)
Still have beam stop shadow
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MULTI-IMAGE GAIN MAP - BETTER

glass B7keV_PE2c x0y0-00001 b

hass_87keV_PEZc_xOy30-00004 b1

glass_87keV_PEIc_x30y0-00002 glass_B7keV_PE2c_x30y30-00003.tt glass_87keV_PE2c_x-30y30-00005 tif

glass_B7keV_PE2C_x-30y0-00006.tit
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Shift 0 > ! e - B
Multiple exposures — shift on x & y; calibrate each

Mask undesireables — beam stop & arm, etc.

Combine to one gain map
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SMALL ANGLE SCATTERING

Range of tools

& GSAST Plots
|| Powder Patterns |
8] GSAST Plots
log(SASD alumina data.dat) S
10° = _ S - | Powder Patterns | Size Distribution
j
| 1ze
107 1 Size Distribution
| . . . 0.0000030
: Distribution
i
i
G W 1 0.0000025
£ : by MaxEnt
2 i
= |
g 10 |
:
=10t
" 0.0000015
10"
0.0000010
107
10 107
0.0000005
PO O+ - EOR< > Ay
q= 000011556 Intensity = 24320 d = 54372.2 0.0000000
107 10° 10*
DA
x| Modelling 22
=
Models  Help (\00‘{' = G-
Modeling by: Errnr multiplier: 2.00 diameter = 32332 (D) = 2.47e-06

Partide it porameters: Matrix: vacum =) volume

T e S
Distribution: | LogMermal * | Form Factor:

Material:

] Refine?

] GSAS Plots

|_[ Powder Patterns | SizeDistrbuton |

Resonant X-ray contras

Murm. radii: R dist. cutoff: log(SASD alumina data.dat)

[ Refine? Dist Volume  0.0953 I
[ Refine? DistMean 700 U
["] Refine? Dist StdDev 0.5 I

Dist MinSize 10 I

Model component 1: Delete? Structure factor:
Distribution: | LogMormal | Form Factor: Sphere -

Material: - Resonant X-ray contrast:  1118.85 102°cm™

Num. radii: R dist. cutoff: 0.01

Intensity,em™"
=
<

1
[| Refine? Dist Volume  0.05 [t 10
[[|refine? DistMean  1=+03 [t 10°
|
[Tl Refine? Dist StdDev 0.5 m; 101 ;{
Dist MinSize 10 I 10 107 10° 10" 10"

o8

Background: 0.1 [C Refine? Background file: - 00+ ~ Ba< >AV << X Argonne°

g = 000010222 Intensity = 22.326 d = 61470.1 NATIONAL LABORATORY




PROTEIN SMALL ANGLE MODELING IN GSAS-II
Bead models via SHAPES (alternative to DAMMIN In python)

5 === =
B GSAS-Il plots: 1ss8.gpx
: = Powder Pattems | Pair Distribution | Bead model
P Pair Distribution | Bead model

log(SASD 1ss800.int) Pair Distribution

Make P(R)

Intensity, cm™!

Pair distribution, P(R)

g
\

N k-1

ﬂ6+$q-m‘<>l\v<>><cx 0 20 40 GDRA 100

O1edes05d = 544 CaIC ﬂ(")"I"Q.ﬂi<>/\V<>><"V
Data (simulated) from PDB 1ss8 |
3668 AA, 7-fold rot. symm. SE

E. Coli chaperonin GroEL Run SHAPES
Make bead model

L-----—---’

Direct fit?
(In development)
“‘SHAPES”, J. Badger, J. Appl. Cryst 52, 937-944 (2019)

compare -
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REFLECTOMETRY ANALYSIS IN GSAS-II
X-rays & Neutrons (CW at least)

log(REFD reflectivity.nrfd
10t T 9 T Y ) K1 Modelling
1 Models  Help
100 ' | Reflectometry fitting for: REFD reflectivity.nifd
Controls:
Instrument resolution type:
1 ]
107 p ] ONone  @eontaquq FWHMB[30 ]
102l Mimm\zer‘.‘LMLS leound;Fadon‘O.&!S DUSEZ%sig.weights

Plot controls: [ ] Plot SLD? Zero position location: | Top

Global parameters:
Refine? Flatbkg:[44e02 [ Refine?

Layer sequence:

Re flectivity
-
o
IS

10_5 . Use sequence nes. from: 1: Alumina 2: Alumina
i Multilayer model e
106 y Layers: scatt. densities are 10"%cm ™ = 10°A™
£ E . . Top layer (superphase):
Scattering density |==
107 1
108 b i

Refine? Real scat. den.: 0.9943 Imag scat. den.: 0

Magnetic SLD: | 0.0 [ 1Refine? Real+mag scat. den.: 0.9943
Upper surface Roughness, A:| 3.0 Refine? Layer Thickness, A: | 282.63 Refine?
Insert Delete

;Z{:si::c‘:hﬂumma | Den. Mult: | 05352 [ Refine? Real scat. den. 3.063 Imag scat. den.; O
Magnetic SLD:[ 0.0 [IRefine? Real . den. 3063
| Powder Paitems | Scattering length density | Insert Delete
35 : S i) T STy 23:;:\:1’?;\(\?:::’“8):v‘DEn.Mu\t.:|1.0 [Refine? Real scat. den.: 2.073 Imag scat. den.
! Magnetic SLD:[ 0.0 [IRefine? Real+mag scat. den. 2073
50 ! Nppereaies Refine?
‘
25 i
. |
‘E 2.0 i
£ . :
. i
e Define components, stacking sequence
10 1 . 13 7
1 (can be repeated), thickness & “roughness
0.5
- (11 . - 7
o Fit by LSQ, MC/SA & “basinhopping
—50 [+ 50 100 150 200 250
Distance from top surface, A ( d d I p t)
2060 + e BRMBE< >A vV oorb i unaer develiopmen
X= 271.445 Scattering length density = 3377
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MULTILAYER REFLECTIVITY

] G5ASII Plots (e = |[=]
[ Powder Patterns ] Scattering length density ]
Scattering length density
25 layers on a substrate J MR AR
. 74 |
Common thickness & contrast .
6 I
7 I
£ 5 I
QU
S 47
—
Q 37
P}
v, \ U U ISIRRIRIR !
InnnnnnnnnnnnnnnnnnnnEn R
&1 GSASI Plots TR RN IR IR IR IR IR RN I TN AN IR NI
_ _ 17 TRIRIRIRI IR R IE IR IR IR IR R IR R AR IR IR IR IR NI
| Powder Patterns | Scsttering length density | TRIRIRIRI IR RN IR IR IR R IR N AR IR TN IR IR NI
log(REFD e179r.txt) 0 . ATRIRTRIRIR NIRRT IR IR IR INIR IR INIRININIRININTE
— . ~1000 0 1000 2000 3000 4000 5000 6000
100-§ Nistance fram tan surface. A
1 a € +Qa BEABA<>AV << X
10-1 4 : X =-1047.513 Scattering length density = 3.758
1
_@ I
> w027 |
et ] |
|6}
@ I
9=
Q 1077 3 !
o |
|
|
1074 5 I
I
1
10759 1 . l
102 1071
~ R-1
4 €2 PQ BOAR>AV << X
q= 00087849 Reflectivity= 021595d= 7152
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CLUSTER ANALYSIS?

“Unsupervised Machine Learning”, “Pattern Recognition”, etc.
Faced with (say) 1000 powder patterns collected as a survey of some object
What to do?

= Group “similar” data

= Somehow different from other data
— May be other clusters each with own “similar” data
— Some may be “outliers” (“bad” data?)

= Start knowing “nothing” about the entire suite of data (no preconceived notions)
= Not a single method! Iterative exploration to find useful result.
» Fast — can do 100’s-1000’s of data sets in few seconds

= GSAS-II — will do cluster analysis on powder patterns & pair distribution functions
(PDF); NB: not images

= Some requirements:

— Don’t want to compare “apples & oranges” so data collections (e.g. powder
data) must all be done the same way (span, #steps, radiation wavelength,
etc.)

— Don’t mix x-rays & neutrons.

— Otherwise, cluster analysis will pick out these differences first (& not what

you're after).
15 Argonne &



PROCESS

Comparison method?
= Each pattern — vector (1000’s of dimensions)
» Cluster similar vectors (data sets) by “distance”

16

“Distance” in GSAS-II

Euclidian - shortest

City block — steps along
each axis (longer)

Cosine — of angle between
Correlation — coefficient
Etc... - 11 methods; take
your pick. Some are more
contrasty than others

Argonne &



DISTANCES

Preliminary results — distance matrix & serial distances
= Example — WO, x-ray data 300-1200K & back; 108 powder patterns (integrated
from images).

B GSAS-Il plots: WO3 d8 Cluster test.gpx [ & ] == 1’00

| Powder Pattems

correlation distances

WO3 d8 Cluster test.gpx
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40 60 80 100
Data set

Data sequence
8 5 2 S g
2 8 o
¢ g
\ Data set
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ﬂGé*Q;;;;_?gE<>Aﬁ>><GX.
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108124 osien Q= ot s g PR 919w 5im 53 -
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Powder data

Distance matrix

Serial distances
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18 ah S
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0.0 - ____A.____-J \—L«

o
w
1

dist to next
=]
(%]

y

Peaks = Phase changes . . . . . .
0 20 40 60 80 100
Not useful for random data . Data no.




DISTANCES = PRINCIPAL COMPONENT
ANALYSIS & DENDOGRAM

Most significant 2-3 dimensions — cluster analysis

correlation distance

Temp variation — trails in PCA

* ® .' w."’
@ ® . . . .
21 e g @ & 0 - Clusters ill defined in this case
1 Colored by “cluster”
E 0- .
E average correlation
- 3 |
-2 ® :
® 5
-4 ‘, i | | | , S
-56 -54 -52 -50 -48 —46 / o 8 F
PCA axis-1 G §E
o 3 F
Dendogram &
— hierarchy in data?

Low T phase -0
|nterm6diate T phases . . - -:t;]r.?elati%z dis{t]jnce ° o o
High T phase
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THE CLUSTERING PROBLEM

Wide variations possible — 2 example PCAs & cluster algorithms

el K-means].
.ll'l"“I —>‘

N :
Density

GSAS-II has 6 clustering algorithms — some require # of clusters

Taken from Wikipedia 19 Argonne &



OUTLIER ANALYSIS IN GSAS-II
Flnd “bad data”: Steel bar— repeated stress (TOF neutron)

= Correlation PCA
3000 4
o 2000 4
1000 - ®
[ ]
v ol ® L]
* .

-1000 +

-2000 4

T T T T T T T
—-10000 —9000 -8000 -7000 —-6000 -5000 -—4000
PCA axis-1

Cosine PCA

a € +QIE.<>AV<>><0XI

PWOR patten frst

800 patterns

There were beam dropouts!
3 outlier algorithms in GSAS-II
Depends on distance algorithm
GUI will show list of bad data

PCA axis-2

T T T T T T
-4.5 —4.0 -3.5 =3.0 -2.5 =2.0
PCA axis-1

20
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RMCPROFILE IN GSAS-II




RMCPROFILE “BIG BOX” SIMULATION

F G5AS- project: SFE_190K.gpx EiEIE=]
.
GSAS-Il interface development goals |t Lo e Lo
-
p g ) Project: SF6_190K gpx 4 General | Data | Atoms | Draw Options | Draw Atoms | RB Models | Map peaks | MC/SA | RI b
i Notebook T
entrols Metadata item: phase BCC
L L Covariance
» Provide GUI interface to setup of O —
estraints Metadata item: source GEM ISIS
- Rigid bodies
RMCProfile - save setup controls for reuse
g: E Lattice multipliers; if changed will force reset of atom positions:
iy -aisi| 3 -aiss| 3 -aiss| 3
oy . . . . -SF6Tabe s Jv-ois | || |
= |[nitiate independent RMCProfile execution B PR, stk | 9 e s it
Comments Set atom ordering: |5 F v
- Limits Setmaxshift | 0.05 IEX |
— may run for hours —
~Instrument Parameters S 2o wap probabiitics:
Sample Parameters
. . . . - Peak List Enter constraints & restraints:
= Allow graphical display on intermediate e || e s o
Unit Cells List 55 SF e
- Reflection Lists
Hard min:
reSU |tS 1 GSAS-I plots: SF5_190K.gp [El =R Sorrdn
|| RMCP GR) for 55 | | RMCP G(R) partials for SF5 | | RMCP S(Q) for SF6 | || RMCP 5(Q) partials for SF6 |
RMCP G(R) for SF6 RMCP G(R) partials for SF6. RMCP S(Q) for SF6 RMCP S(Q) partials for SFé
12 12 .0 [] Use bond valence sum restraints for (set to 0 for non-bonded ones}:
I $ +  G(Rlovs .2 4 — RMC — S5
» ] — 7.5 s
L4 Lo — s bata o Add Fixed coordination number restraint:
- *—  sF 14 — FF
-8 81 + — FF
par Ia S + .04 Add Average coordination number restraint:
.6 .6
—— PDF (RMC) i
4 — eor(expt) | P4 ?: 14 Potential temperature (K):
2 .2 4 :+ 2 Add A-B stretch potential restraints, search range (%)
N — Atom-A Atom-B ABdist  potential
o .0 3
Delete S v F ~
2 ad
5 & - . T T T . T . T Delete F v| [F v (22 2,
| 25 50 715 00 25 50 75 0 10 20
— n & n R A R-1 Add A-B-C angle potential restraints, search range (%): | 10.
partlals A €D>D PAQEA€E€> QA Ea € +QE ——
| Powder Patterns | RMCP Chi*2forSF6 | || RMCP bragg for SF6 | Select one histogram for Bragg processin
PWDR sf6_190gsas.dat Bank 3 ~ Weight
PWDR sf6_190gsas.dat Bank 3 RMCP bragg for SF6 Use size broadening? Use mustrain broadening?
251 Phases | 2a] — Experiment Select data for processing:
H. > | SF6 — Calculated Format Weight Mame
result-
e 2 Select RMC - Neutron real space data; G{r): sf6_190k_gr.dat
< S 201
E E 184 Select RMC ~ Neutron reciprocal space data; F(Q): sf6_190k_fq.dat
o o
ﬁ / hed] Select Meutron reciprocal space data; S(Q):
= ! T 14
PWD R ’—--a-—‘E == X g . R Select Hray real space data; Gir):
= I I S 121 Y
. = S oL Al = 10 4 Mouse RE drag/drop to reorder
i n
simulatio IR j o
8000 10000 12000 14000 16000 18000 20000 8000 10000 12000 14000 16000 18000 20000
TNFE e TOF 1x
N A€ paBBR<>AV a€e>» PapBac<>A
X = 1442266 RMCP Chi"2for SF6= 1598

22 Argonne &
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RMCPROFILE RESULT FOR Sk

10x10x10 unit cell box —transform back to original
See disordered atom distribution

— compare to Rietveld U for F atom

aniso

Powder Patterns SFo_1abc | SFB 2 | SF6_2 abc SF6

ave as/key: ~ | Wiew point: 0.5000, 0.5000, 0.5000; density: 0.0000

AAAAAAAAAAAAAAAAAA



PDFFIT & ISODISTORT




ISODISTORT
Implementation in GSAS-II

ISODISTORT: Web based tool for discerning mode displacements of atoms
from an idealized parent structure G5 projct WO 91 ]

File Data Calculate Import Export | Selecttab Operations | Help
B N 0. - Project: WO3.gpx ~ A l General | Data  Atoms ] Draw Options ] Draw Atomns ] RB Models ] Map peaks W »
I50DISTORT x =
€ O @ O e . * = G e ~ Notebook For use of ISODISTORT, please cite:
= ~ - Controls H. T. Stokes, D. M. Hatch, and B. J. Campbell, ISODISTORT, ISOTROPY Software Suite, iso.byu.edu.
ISODISTORT . Covariance B. J. Camphell, H. T. Stokes, D. E. Tanner, and D. M. Hatch, "ISODISPLACE: An Internet Tool for
Version 6.11.1, Jan 2022 ... Constraints Explering Structural Distortions." J. Appl. Cryst. 39, 607-614 (2006).
Harold T. Stokes. Branton J. Campbell, and Dorian M. Hatch, Department of Physics and Astronomy, Restraint
Brigham Young University, Provo, Utah, 84602, USA, branton_campbell@byu.edu - Restraints ISODISTORT setup controls:
Rigid bodi :
Description: ISODISTORT is a user-friendly interet-based tool for exploring the structural distortion 'gi bodies Parent cif file: B e
modes of crystalline materials induced by ireducible representations of the parent space-group = Phases -
symmetry. The stand-alone ISOVIZ application further allows one to visualize and interactively isocif-output Select ISODISTORT method:
manipulate the modes generated in ISODISTORT. h . . .
WO3_child (O Method 1: Search over all special k points - yields only single lrep models

NOTE: Interactive visualizations must now be saved to disk and opened with -

tions [ PWDR br_t0463.xy e — J—
the standalone ISOVIZ application. © Comments (O Method 2: not implemented in -
Help, Tutorials, Version History Limits O Methed 3: not implemented in GSAS-1I
Legacy copy of ISODISTORT version 5.6.1, August 2013 Background (® Method 4: Mode decomposition of known child structure

Instrument Paramete e .
Begin by entering the structure of parent phase: (7) Child cif file: Use this phase

Sample Parameters

Get started quickly with a cubic perovskite parent < >

Import parent struclure from a CIF structure file: Mouse RE drag/drop to recrder
Choose File |No file chosen

= New implementation — direct interaction
oo s s between GSAS-Il & ISODISTORT;
e assaall | simplified operation

. & GSAS-Il project: WO3 A 60.gpx =] =]
] File Data Calculate Import Export Select tab  Operations Hel,
= To use: a multistep process - [ e |

A |4| General | Data | Atoms | Draw Options | Draw Atoms | RE Models | Map peaks | MC/SA  RMC | I b
- Notebook ISODISTORT distortion mades for phase WO3_A_child

a cif file with modes; can be imported || ==, e

Constraints For use of ISODISTORT, please cite:

= = = H. T. Stokes, D. M. Hatch, and B. J. Campbell, ISODISTORT, ISOTROPY Software Suite, iso.byu.edu.
I nto G SAS_ I I Wlth n eW Varlab I eS Restraints B. ). Campbell, H. T. Stokes, D. E. Tanner, and D. M. Hatch, "ISODISPLACE: An Internet Tool for

- Rigid badies Exploring Structural Distortions.” ). Appl. Cryst. 38, 607-614 (2006).

=- PWDR d&_03901.raw Scar
for the modes.

Comments The 2nd column below shows the last saved mode values. The 3rd & 4th columns will set the
Limits display mode values. The positions in the Atoms and Draw Atoms tabs, as well as the atom
positions shown in the Plot Window are changed to reflect the display mode values. The
range of the slider corresponds to making a maximum atomic displacement between -2 & +2

Background
Instrument Parametel

Name Save value Value Refine?  Atom displacements
M3_Tlu(z) 0.36048 ] W_1_dz
M3_A2u(a) 0.03433 ] 024z
- Reflection Lists Reset modes to save values Set all modes to zero Save mode values
=1 Phases A
< > < >

Mouse RE drag/drop to reorder

25 Argonne &
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PDFFIT2 = “PDFfit” IN GSAS-I

“Small Box” modelling of pair distribution functions

Use ISODISTORT - create the atom position constraints in new interface to PDFfit2

Project. Cwork\GSASIExampl 4| Date | Atoma | Draw Options | Draw Atoms | RB Models | Mappesks | MC/SA | RMC | SODISTORT | Texture | Paley refietions b

getspacegovp Pbnm
[ Refine unit celi!

PDFF atom parameters:

Atom Constraints; enter 83 €9, "@n’ or “0.5-@n'; 1>=20 & "@n” should be at end
Refine Uisc? [No

y constraint £ comtraint frac comstr |

Labn03-Ponm,chid pr] | 1211 L=
[(NEEN
L1 L
W L
M21 Mo
M2t Mo
M2t Mo
M2t Mo
01 o
01 o
031 o
01 o
01 o
021 o
031 o
01 o
02 o
02 o
22 o
02 o

POFfR stating atom variables:

e 4 922 05458 823 | 1.2046
= Clal=

G(R) | LaMn03-Pbnm_child PDFfit | Sequential refinement

129 W

104
0.8 4
@ —— 21-R5_T1u(a)
0.6 4
3 — 22-X5_T1u(a)
S —+— 23-R4_Eu(a)
B o4l 24-R5_Eu(a)
3
£ —— 25-X5_Eu(a)
jd —— 26-M2_A2ula)
& 02 27-M3_Eu(a)
. \
0.0 4
0.2
—0.a4
300 400 500 600 700 800 900 1000
Temperature

A€ $Q BEE< >AV e § X

Select this from Phase data window!

o2 o oy

G(R)

PDFAt2 G(R) for 300K.g¢

#é€> +Q B OA>AV o<

X oxmGE ey

Parameters: mode
displacements (A)
Can be fit for
sequence of T

26

LaMnO3-Pbm_chid PDFSit

save asivey: ~ New quatemion: -0.71+, 0.

Argonne &
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INCOMMENSURATE STRUCTURES IN GSAS-II




INCOMMENSURATE STRUCTURES N GSAS-II

Book: “Incommensurate Crystallography” S. van Smaalen

Structure Factors 3D Structure Factors H = G + m q

G: substructure hkl
m: +/- small integers
g: modulation vector

For Na,CO,
g= 0.183,0,.319

Each reflection: hklm
m=0 sublattice
m#0 superlattice

ave as/key: ~ | hkl = 53,1

Na,CO4 — single crystal X-ray data — hOl zone - rows of spots don't line up

AAAAAAAAAAAAAAAAAA



POWDER DIFFRACTION
Na,CO, - 11BM @ APS room temp.

W] GSASI Plots (=@ ] =
J Powder Patterns l 3D Structure Factors ]
PWDR 11bmb 6253 1tol00.fxye Bank 1
T T
2504 1 Phases |
| | Naz2C03 I
200 : :
| |
> | |
o i
b 150 | |
c | |
Q I I
et
-E 100 | |
| |
50 | |
|
0 |
I||I| WEEE FEE e et 0 e oo Somnnon o oo (un ;- IIIIIIII-IIIIIIIIIIII--“I-q
— 20
E
_ O-ANMWWW
q _20 T T T T T T T T
5.0 75 10.0 12.5 15.0 17.5 20.0 22.5
20
A €S> QB EAB<<>AV< X P
2-theta= 11.221d= 211623 q= 2.96904 sqrt(Intensity) = 275.62

Includes m=-2,-1,1,2 superlattice reflections; Rietveld refinement
includes 1st & 2nd order harmonics on position depending on atom

29 Argonne &




INCOMMENSURATE STRUCTURE SOLUTION

4D charge flipping; single crystal & powders (e.g. Pawley refinement)

Modulation of atom positions (Nal-y) VA (ﬁ (/

T T
0.00 0.25 0.50 0.75 1.00 125 150 175 2.00

Fit function — fourier series in tau :
A €2 P BEHEAB<>AV << X

099 Ay = 0.144p= -2.825

30 Argonne &
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LATTICE MODULATION

Na,CO, — single crystal data

Coordinated wave motion — Na lattice y motion/ CO4 rocking motion
Recall g= 0.183,0,319 so period ~6-7 on X & ~3 0n z

Possible modulations: positions, thermal parameters, site fractions
(& magnetic moments)

31 Argonne &
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INCOMMENSURATE STRUCTURES
Symmetry symbols — interpreted by GSAS-II (not lookup)
= Space group + super symmetry symbol

e.g. Na,CO,; — C2/m(a0y)os\

Space group Translation component
Modulation vector

Operators: conventional space group & 4" dim component

Superspace Group Information @

Superspace Group: C 2/m(alg)0s
The lattice is centrosymmetric C-centered monoclinic
The Laue symmetry is 2/m

The superlattice point group is 2/m, 1-1

The number of superspace group generators is 2
Multiplicity of a general site is 8

The unique moneoclinic axis is b

The inversion center is located at 0,00

Possible modulation vectors:
e.g. apy, a0y, 0B0, aYzy, ¥20
Translations: 0,s,t,q,h

1-4 of these

Depend on space group
GSAS-II shows legal choices

The equivalent positions are:
(0,0,0,0: 1/2,1/2,0,00+

(1 xyzt (2) -xy -z 1/2-t

OK
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MODULATION MODELS

Position, thermal motion, site fraction & magnetic moment

= Position: on X,y,z
— Fourier series sin & cos— symmetry allowed choices
— Zigzag, sawtooth & block — just 1, add Fourier for more terms

= Thermal motion:
— Fourier series

= Site fraction:
— Fourier series
— Crenel — like block but 0/1 (not +/- x)

= Magnetic moment
— Fourier (odd terms only — generally just 1)
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INCOMMENSURATE STRUCTURES

Cases not allowed in GSAS-II

» 3+2 & 3+3 not allowed in GSAS-II
— Too complex to deal with easily
— 3-D 230 SG
— For 3+1: 4,783 possible SG
— For 3+2: 222,018 possible SG
— For 3+3: 28,927,922 possible SG
— But only a handful found — not worth the hassle

= Ad hoc centering not allowed
— ‘X’ space groups — all have equivalent legal ones with transformation

= Other odd cases found in cif files not allowed
— e.g. R-centered monoclinic
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MAGNETIC INCOMMENSURATE STRUCTURES

Some examples:

DyMn;Geg — residual moment




CHARGE FLIPPING




CHARGE FLIPPING

The algorithm set up: )
~1A unique reflections - sphere 2 box -2 0.5A box




CHARGE FLIPPING
The Algorithm

Apply Phases to core
& Compute residual




CHARGE FLIPPING - 3D & 4D

Python loop — all double precision; start random phases for CEhKkI

CErho = np.real(fft.fftn(fft.fitshift(CEhkI)))*(1.+0j) #fft Fhkl = p(xyz)

CEsig = np.std(CErho) #get o(p)

CFrho = np.where(np.real(CErho) >= flipData['k-factor'|*CEsig,CErho,-CErho) #CF p = p’
CFrho = np.where(np.real(CErho) <= flipData['k-Max']*CEsig,CFrho,-CFrho)  #U atom CF!

CFhkI = fft.ifftshift(fft.ifftn(CFrho)) #fft p’(xyz) = F’(hkl)

CFhkl = np.where(CFhkl,CFhkl,1.0) #avoid divide by zero

phase = CFhkl/np.absolute(CFhkl) #get ¢(hkl) from F’

CEhkl = np.absolute(CEhkl)*phase #apply ¢ to F

Ncyc +=1 #count tries

sumCF = np.sum(ma.array(np.absolute(CFhkl),mask=Emask)) #Z F
DEhKI = np.absolute(np.absolute(Ehkl)/sumE-np.absolute(CFhkl)/sumCF) #Z |DF|
Rcf = min(100.,np.sum(ma.array(DEhkl,mask=Emask)*100.)) #residual

After user break:
Repeat 1%t line to get result map

Find origin; search for peaks & display result
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EXAMPLE - SUCROSE POWDER
11BM @ APS - 15t steps — peak fitting/indexing/Pawley refinement

PWDR 11bmb _8716.fx::~ B~ri 1

] T
I
1
| PWDR 11bmb 8716.fxye Bank 1
400 F : T T T T T
\ 300 | Phases I
| - N 1
X - | | sucrose |
; L - I
300 | i
I L I I
> . 250 | |
Py [ = | |
s ' il |
l
.Eé 200 | 200 L F - 1
! - -
i | I E LT N |
—. | | |+ | r _
I = H 15 £ | I
100 | = N S| !
B | [#a]
L |
S 2 150 |
|
l e |
' =
|
by |
= 100 !
|
|
|
50 '
&) Unit Cells List I
Cell Index/Refine  Help |
Indexing controls:
Max Mcjiobs 4 = StartVolume 25 Use M20/(x20+1)?
Select Bravais Lattices for indexing: 0
[ cubicF [ cubict [ cubicp [ Trigonal= [ TrigonalHexago
|~ ortharhombic+ [] Orthorhombic-I || Orthorhombic-C [~] OrthorhombicP | Monadinic-C
Cell Test Refinement:
Bravais lattice [PZJ’m V]SDECE group [P 21 - ] Zero offset 0.0007 [ refine? [
Unit cell: a = 7.71525 ~ b= 8.66389 £ c= 10.80965 £
Indexing Result:
M20 )(20|||se Bravais a | b | < alpha | beta |gamma|\fnlume|lﬂeep| 781 unlque hkl,s
1312.84 0 P2fm 7.71525 8.66389  10.80965 90.000 102,983 90,000 704.09 D
* 90776 0[] P2m 7.71412  8.66281 10.80843  90.000 102982 90.000  703.82[] C F th 6 1440
15.05 0 I:‘ P2jm 7.62200 8.66511  10,79433 90.000 102.664 90,000 701.96 D WI
238 1 D P2jm 6.78185| 10.56374| 15.20797 90.000 98.621 90,000 1077.21 D
2.38 1 I:‘ P2jm 6.78185| 10.56374 15.20797 90.000 98.621 90,000 1077.21 D
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CHARGE FLIPPING SOLUTION

Residual ~45% > ~17% & 46 peaks in cell (NB: sucrose C,H,,0,,)
Map peaks — unique set & select — identify atoms — make molecule




CHARGE FLIPPING - PHASES?

Track phases of 5 reflections — 10000 CF cycles

HKL phases

Solved at cycle ~4500

Test HKL phases

Solved at cycle ~230

phase, deg

4000 6000
charge flip cycle

, deg

Test HKL phases
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CHARGE FLIPPING — CHAOS MATHEMATICS?

Strange attractors? Cantor dust? Butterfly effect? Basin of
attraction?

= Cyclic algorithm — successive iteration — stable solution (apparently?)

= Chaotic phase behavior — but deterministic (Butterfly effect?)

» Hyper dimensionality ~7680-D for sucrose example (NB: no symmetry used)

» Infinite phase possibilities >> Infinite phase sets for recognizable atoms (Cantor

dust?)
C y= f(x)) f(x) - polynomial

» Phase oscillation & drift — “sympletic” or “non-sympletic” strange attractors?

= |s there a “basin of attraction”?

= Does this really matter?

(picture from “Strange Attractors: Creating Patterns in Chaos” by J. C. Sprott)
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