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Display for the program Sleve+ 2006 demonstrating a three phase search and index solution for an experimental unknown.
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B0 - Structure beyond Bragg: Study of V,0; nanotubes
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The structure of V,;0; nanotubes has been experimentally determined. The approach of the atomic pair
distribution function technique was employed because of the limited structural coherence in this nanophase
material. It has been found that even a nanocrystal with the complex morphology of vanadium pentoxide
nanotubes possesses an atomic arrangement very well defined on the nanometer length scale and well described
in terms of a unit cell and symmetry. Using refined structural parameters a real-size model for the nanotubes
has been constructed and used to explain their peculiar morphology.
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FIG. 2. Expenmental powder diffraction patterns for V,0;
ﬂ.aﬂﬁtl.lbﬂﬁ |'3'| Eﬂd ﬂ}ﬁtﬂlllﬂﬂ' 1.."2[}5 {b} T]]E hlgh—'l_;? ]_.'.I'I]ftlﬂﬂ Elf ﬂ:l'E.' FIG. 7. (Color) Structure description of V,0;5 nanotubes. Double layers of V-O octahedral (light green) and V-O, tetrahedral (red) units

are undistorted and stacked in perfect registry with crystalline BaV,;0,4-nH,0O (a). When bent (b) such layers may form nanoscrolls (c) or
. . . . closed nanotubes (d). Double layers of such complexity may sustain only a limited deformation. As a result, V205 nanotubes occur with
" T ]
paﬂmﬁ 15 .g:l-" €1 1N ﬂ]E 1’]5&15 o1l 41 Eﬂlargm .‘:-E.‘H].E inner diameters not less than 5 nm_The real-size models shown in (c) and (d) have an inner diameter of approximately 10 nm and involve
_ 33 000 atoms. The bending of vanadinm oxide layers into nanotubes can be explained by the presence of an anisotropy in the distribution of
vanadium 4+ and 5+ ions as discussed in Ref. 24.
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F. Krumeich et al.,
Morphology and
Topochemical
Reactions of Novel
Vanadium Oxide
Nanotubes, J. Am.

Figure 4. (a) Typical selected area electron diffraction pattern of a

nanotube. (b) Schematic representation. The reflections 00 (symbeolized

Chem' SOC' 1 999’ by +) are caused by the regular interlayer distance while the square

121 8324_833 1 arrangement of spots hk0 (symbolized by @) cotresponds to a square
J

Figure 2. (a) TEM image of a typical nanotube (C—VO0;—NT), lattice (a 7 (.62 nm) within the layers.



J. M. Lopez Pérez et al., J. Physic. Chem. B101 (1997) 8045-8047.
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X-Ray diffraction pattern of iron oxide nanoparticles (y—Fe;O3) with mean
diameters of 7.3nm (A),5.6 nm (B),3.6nm (C),2.4nm (D),and 1.9nm (E).
Note the peak broadening at lower grain size
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i Courtesy: M. Wojdyr and B.

Patosz, in Eighth Nanoforum
Report: Nanometrology, July
2006, Editors: Witold
Lojkowski, Rasit Turan, Ana
Proykova, Agnieszka

Daniszewska, available
| for download from

ZnS, MD simulation
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Figure 30. Theoretical diffraction patterns of 4 nm diameter ZnS crystallite calculated for a model
with (a) a perfect sphalente lattice, and (b) with a relaxed structure as simulated by Molecular

Dynamics calculations [59].

Projection into 2D by TEM's small angle approximation “circumvents” this problem,
because the 80 diperiodic space groups (E. A. Wood, Bell System Techn. Journ. 43
(1964) 541-559) project into the same plane groups as their 230 triperiodic
counterparts. There can be (and frequently is), however, changes in the lattice
parameters due to the nanometer size of crystals, possibly also in structure factors.




So what to do to fingerprint
nanocrystals structurally?

There is also structural fingerprinting in the Transmission Electron

Microscope, recent review: P. Moeck and P. Fraundorf, Zeits. Kristallogr. 222 (2007)
634-645, special issue on "Nanocrystallography”, expanded version in open access
arXiv:0706.2021

either electron diffraction patterns or high resolution “structure images
can be employed combined with either spectroscopic or prior information
on the elements present and/or absent within the unknown, but does one
really want to focus the electron beam to get an EDX spectrum from a
nanocrystal? e.g. H. V. Hart, J. Appl. Cryst. 35 (2002) 552-555.

Our research program: utilize established electron
crystallography procedures and combine them with
new developments in open-access crystallographic
databases — we only want to recognize a nanocrystal
structure after it has been solved and became part of a
database
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B. K. Vainshtein, Z. G. Pinsker, Application of Harmonic Analysis in
Electron Diffraction, Doklady Akademii Nauk SSSR 64 (1949) 49-52

PHUIHKA

B. K. BAHHIUTEAH u 3. I. TUHCKEP

NPUMEHEHHE TAPMOHWYECKOI'O AHAJIN3A
B 3JEKTPOHOIrPA®HU

(Mpedcmasaeng axadenmurom A. A. Jebedesws 9 XI 1948)

B cOBpEMEHHOM PEHTTeHOCTPYKTYPHOM aHa/H3e IIHPOKO HCII0Jb3YeTcs
NpeACTaBAeHHE KPHCTANIWYECKOA peweTkn no ®dypbe. DJeKTPOHHAA
IMIOTHOCTb KPHCTaANa p(xyz) pasjaraercs B TPeXMepHHA pan Pypbe

S 3 3

hes—0ch=—cn] = — 00

0(xyz) = % Foue i (P H) (H

WHTencuBHOCTb (AAI) OTpakKeHHs PEHTTEHOBCKHX Jydyel HpONOPUHO-
HaAbBa KBAaJApaTy CrPYKTYpPHOH aMIMHTYAH |F,,, |2 HMcnoabsys noayues-
NHE U3 3KCNEPHMEHTd 3HAYeHHs MOJAYAS CTPYKTYDHOH aMIIATYIH | Fyyl
R onpejessis KOCBeHHHM nyTeM ¢asy *, MOKHO cyMmupoBanuem psaaa(l)
DOAYYHTb NOJHOE MpPEeACTaBAeHHE O CTPOEHHH KPHCTaNNa, KOTOPOMY OTBe-
yaeT KAPTHHA PAcIpefeJIeHHs 3JeKTPOHHOH HJIOTHOCTH.

[uppaknus 3jeKTPOHOB B KDHCTR/JIHYECKOH peljeTKe TaKKe MOXeT
| 6rTh HCNOAR3OBAHA AJS NOCTPOeHUs cuureda Dypwe.

b=3024

B LY 1/

2278 ——
2 h /’

1
-—
1

N 4;:;1;;77—*—-7 e [

a=43i4 —-I

Praterson (% ¥,2) = LIV Y |F| exp—270(hx + ky + Iz)

“Electron diffraction at crystalline

lattices may also be use for the creation

of Fourier syntheses.”

_cell_length_a - 4.51(1)
_cell_length_b 9.02(2)
_cell_length_c 11.28(3)
_cell_angle_alpha 90
_cell_angle_beta 90
_cell_angle_gamma 90
_cell_formula_units_Z 4

_symmetry_space_group_name_H-M 'P m c n'

loop_
_atom_site_label

= 60 kV, polycrystalline
material, averaging over mm
sized beam and many
orientations, spotty ring and
oblique texture patterns, 105
reflections I=0—-4, R =20 %

_atom_site_type_symbol
_atom_site_symmetry_multiplicity
_atom_site_ Wyckoff_symbol
_atom_site fract_x
_atom_site_fract y
_atom_site_fract_z
Bal Ba2+ 4c 0.250.115(5) 0.18(1)
O1 02- 4c 0.250.61(1) 0.18(1)
ClH CH- 4c¢ 0.250.11(1) -0.12(1)

Cl2 Cl1- 4c 0.250.645(10) -0.11(1)

BaCl, -
H,O, now

precession

electron
diffraction !




FROM MACROMOLECULES TO BIOLOGICAL
ASSEMBLIES :
A2 KUNGL

¢ e % il VETENSKAPSAKADEMIEN

B/ THE ROYAL SWEDISH ACADEMY OF SCIENCES

Mobel lecture, 8 December, 1982
by

AARON KLUG | “for his development of
Cona 2 200, G CryStalographic lectron
“The approach is similar to conventional X-ray crystallography,
except that the phases of the X-ray diffraction pattern cannot
be measured directly, whereas here they can be computed
from a digitised image ... In order to produce a “true” image,
the electron image must be processed to correct for the
phase contrast transfer of the microscope so that all spatial

frequencies contribute with the same sign of contrast.”
Q FII,,..(X.Y,0)]

image

2/t CTF(s)

Zone axis of image [uvw] or [001] contains reflection (hkl) or (HKO), obtainable by
Fourier transform, so that u-h+v-k+l'w = 0 or u‘H +v-K + 1-:0 = 0, Weiss zone law

F

one_image/ zone _axis

(h,k,l)=|F(H,K.0)|-€"



To know an
object
(reasonably well)
Is to know all (or
most) of its
Fourier
coefficients,

to recognize an
unknown crystal
at the atomic
level is to extract
and compare
structure factor
information with
that of
candidates from
a database

LT

2%
24P
24P
24P
2%
2%
%P
L

Electron crystallography
from images used to be

restricted by resolution
of the microscopes

Recording of diffraction
patterns results in loss
of structure factor
phases, well known
phase problem of
diffraction based
crystallography
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Fe3O4, Fd § M (origin at 43m for display) gamma-FezO?’, P 41 32
Cell parameter: a~ 8.2 A Cell parameter: a= 8.3 A

essential differences only in occupation of tetrahedral and
octahedral intersites within cubic densest packing of
oxygen, but significantly different physical properties !
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thesis, 2007
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HRTEM im lus Hanning window and their FFT
Image of unknown iron- magepluserning wgooveandiihg
(contrast inverted for clearness, spatial frequencies up to 0.14
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same crystal in 5 images, which were recorded with + 2° maximal tilt around eucentric
axis, foreshortening effects negligible for projected reciprocal-lattice geometry plots



... get the indices of the observed zone axis by the cross products, then it is checked that all
reflections that belong to this zone axis (up to the limit that is set by the objective aperture) are
really present, that all the reciprocal spacings and angles match and give combined a high figure
of merit, that there are no other reflections (due to moiré effects or Fresnel fringes),

utilizing crystallographic image processing, there is, in addition, plane
symmetry group and structure factor phase (and amplitude) fingerprinting!

no e.g. [211] zone axis of
“systematic magnetite, Fourier
absences” for tranSform Of our HRTEM
H+ K = odd image is indexed for a
(both H and K right-handed coordinate
#0) in FT of . O system, the

HRTEM ® 333  microscope’s point
image, plane A 297 resolution, 0.526 nm-' is
group cannot BT T marked by the dotted
be centered, i ' : large circle

also (H,0) or ;

(OK) for H or when two-fold

K odd not TR TR gstigmat{'sm visible
very weak, 131 . forbidden in FT Of Image,
plane group correction by

cannot have - Crystallographic
glide planes (1 5'2)153 Image Processing

along these t/'O
directions e. g..: H+ K= odd are present, no centered plane group reasonable



Determination of plane group for a magnetite crystal in [211] orientation (pmm), all
2D projections have to be centro-symmetric, i.e. have to contain at least a two-fold axis,
all structure factor phases must be either 0° or 180°, average deviation of phase
angles from theoretical values about + 302 (< 20 % of total phase angle range)
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same precession
angle (out to very high
resolution) and
incoherent addition
of all “off zone axis”
diffraction patterns
(assumes a flat Ewald
sphere)

Alternative lll: Bloch
wave calculations
JEMS ...

2- 12 |F| 1

1,8

Kinematic

Q° - (ha * +kb * +Ic*) - _|[1—

ha * +kb * +lc *
2‘]2 ‘ sin £

2




kinematic intensities | ~ IFI? two-beam dynamic intensities in asymptotic
limit, | ~ IFl

signifies 0.035 nm, i.e. extend of zero order Laue zone without overlap from 2nd order
Laue zone, e.g. reflection (7-5 13) at 0.0348 nm, all reflections in 15t order Laue zone are
kinematically forbidden (due to F-centered Bravais lattice), software eMap of AnaliTeX



one can extract structure factor amplitudes reliably from precession
electron diffraction spots use them for structural fingerprinting,

F hkl V hklmtT \Y hkl V hkl hkl . .
\LW‘\ 1o L J ¥ - A and B tabulated in International Tables

h'k'l'
all depends on combination of structure factor modulus (small), unit cell volume (large),
wavelength (small) and crystal thickness (small, but possibly up to about 50 nm (only if really
necessary, correction of primary extinction effects according to the the two-beam (Blackman) or three-beam
(Bethe potentials) models)

further benefits: it’'s experimentally not demanding, crystallite does not need to
be in exact zone axis orientation S| - YK+ 1-H K]
- SIH.K

Zero precessiun

Fig. 2: Expenimental diffraction patterns from a silicon crystal, approximately 60 nm thuckness, onentation
close to [110], 200 kV. (a) SAED pattern (zero precession), (b), (c) and (d) PED patterns from the same area
with increasing precession angle. Note that while the intensity of the (111) reflection, marked by arrows, 1s
much higher than that of its Friedel pair (I11) and that of the other two symmetry equivalent =(111) reflections
i the SAED (a), the intensities of all four {111} reflections are very simular for the PED patterns (b), (c) and

(d).



2D Laue class - point group combinations can be determined

H S yrnmetry
from ZOLZ — HOLZ reflections s P A em———
Symm | RA% Symm | RA% | T“EJ':'H3~3| 000) ]
Example: Analysis of mayenite [111], Ca,,Al;,05,, |%. ** | % o
143d, plane group p3m1, using precession electron [} = s
diffraction and employing cr}fstallographlc software & o =
Space Group Determinator / ELD / " iz
Sml 1283
CRISP *®H Lo w9911
By Calidris 6 99,05
Copyright ® Calidris, Manhemsvigen 4, SE-191 45 Sollentuna, Sweden Ay 332 j
Tel & Fax: +46 8 6250041  http:/www.calidris-em.com
Email: info@calidris-em.se Partial Fpace group syrnbnl from extinchions
L RIZO0LZ)= 0.9%, hk-=3n |
- Mayentte_1 1 Lo S | bl
ik : ' Trigonal <00015, hAL..
Cubic <111>.1
.|

Bl point symmetry in ZOLZ is 6mm (due to Friedel’s law)
M while it is only 3m in HOLZ - this demonstrates that

l there is no two-fold axis in this direction, so hexagonal
| space groups are ruled out, the possibility of a cubic I-
| lattice centering is correctly inferred from the

[l systematic absences

" utilizing ideas from robotics/computer vision

' communities for probability based decisions: e.g.

| H. Zabrodsky, S. Peleg, and D. Avnir, “Symmetry of Fuzzy Data”, Proc. 12th
| IAPR Intern. Conf. on Pattern Recognition, Conference A: Computer Vision &
' Image Processing, vol. 1 (1994) 499-504; possibly in combination with
geometric AIC




zero precession 1.4 degrees 2.8 degrees

Fig. 5: Experimental diffraction patterns from a thicker part of a wedged shaped silicon crystal
that was prepared in a focused ion beam microscope. The thickness was approximately 56 nm.
(a) SAED pattern (zero precession). Note the slight mis-alignment of the primary electron beam
in (a). (b) and (¢) PED patterns (with the same primary electron beam-tilt mis-alignment with
respect to the optical axis of the TEM) from the same sample area with increasing precession
angle. One member of the kinematically forbidden =(002) reflections is marked by an arrow in
each diffraction pattern and also shown magnified in the insets.

one gets more electron diffraction spots, one also does not need to align very
carefully (both the incident beam and the crystal), intensities are “quasi-

kinematic”, with higher precession angles: double and multiple
scattering is suppressed effectively so that intensity of
kinematically forbidden reflections is significantly reduced



Effect of Precession Angle on Intensity of (002) forbidden

reflections of Si crystal - [110] zone axis

10.000 -
422 nm
% ®40 nm
¢ 1.000 , 2%
€ ~ E50 nm
= ~
N & ~
S 0.100 /8
~ . r «g
ks g
N
® \5 ek y = 0.93e 2%
€ 0.010 e
o ~
= S L
~8
0-001 I I I I I I
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Precession Angle (°)

Effect of increasing precession angle on intensity of kinematically forbidden
(002) reflections of silicon crystals with thicknesses between about 22 and

50 nm.



emneesmmm Powder SAED
fiddsaill (top) and PED
s (bottom)
patterns of Au,
50 nm size, 200

Advantages of precession
electron diffraction beneficial
to powder diffraction as well

Fig. 6: Electron diffraction ring patterns from the same (Iumj—sizecl) area of a fine-grained crystal-powder of
Ni-doped cassiterite (SnO;) nanocrystals (deposited from toluene). (a) Powder SAED pattern, zero precession;
(b) and (c) powder PED patterns with increasing precession angle. These nanocrystals possess an average size
of approximately 3 nm, are paramagnetic, stable as colloids 1n non-polar solvents, and become ferromagnetic .
at room temperature when capped by trioctylphosphine oxide, spin coated into thin films on fused silica A< ge] preceSS|on
substrates, and calcined [19].

Zero precession

Powder SAED (left) and PED
(deposited from foluene). (a) Powder SAED pattern, zero precession; (b) and (c) powder PED patterns with (rig ht) p atterns Of ZeO“t e SO Cony

increasing precession angle. These nanocrystals are elongated in the crystallographic c-direction, possess an

average size of 4 to 6 nm. and are ferromagnetic at room temperature after processing into thin films [20]. (The M Obl I # 5 (Z S M - 5) 1 OO kV
’

dark spots in these diffraction patterns are artifacts of the data recording process.)

Fig. 7: Electron diffraction patterns from the same (um’-sized area) of Co-doped rutile (TiO,) nanocrystals
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Crystallographic database

From Wikipedia, the free encyclopedia
(Redirected from Crystallographic databases)

A crystallographic database is a database specifically designed to store information about crystals and crystal structures. Crystals are solids
having, in all three dimensions of space, a reqularly repeating arrangement of atoms, ions, or maolecules. They are characterized by symmetry,
maorphology, and directionally dependent physical properties. A crystal structure describes the arrangement of atoms, ions, or molecules in a crystal.

Crystal structures of crystalline material are typically determined from X-ray or neutron single-crystal diffraction data and stored in crystal structure
databases. They are routinely identified by comparing reflection intensities and lattice spacings from X-ray powder diffraction data with entries in
powder-diffraction fingerprinting databases.

Crystal structures of nanometer sized crystalline samples can be determined wia structure factor amplitude information from single-crystal electron
diffraction data or structure factor amplitude and phase angle information from Fourier transforms of HRTEM images of crystallites. They are stored
in crystal structure databases specializing in nanocrystals and can be identified by comparing zone axis subsets in lattice-fringe fingerprint plots with
entries in a lattice-fringe fingerprinting database.

Crystallographic databases can be categorized as crystallographic information from supersets or subsets of inorganics, metals/alloys, organics, and
hiological macromolecules. They differ in access and usage rights and offer varying degrees of search and analysis capacity. Many provide structure
visualization capabilities. They can be browser based or installed locally. Mewer versions are built on the relational database model and support the
Crystallographic Information File (CIF) as a universal data exchange format.

A AOIERAPR L AN rert

Contents [hide]

. ry
External links [edi] —
1 Overview
Crystal structures dit
2 Trends y fedid
15 h => * American Mineralogist Crystal Structure Database (AMCSD) (contents: crystal structures of minerals, access: free, size: medium)
Ealrc

* Cambridge Structural Database (CSD) (contents: crystal structures of organics and metal-organics, access: restricted, size: large)

109 000 =» ¢ Crystal Lattice Structures (contents: a selection of commen crystal structures, access: free, size: small)
J

* Crystallography Open Database (CCD) (contents: crystal structures of arganics, metalorganics, minerals, inorganics, metals, alloys, and
intermetallics, access: free, size: medium - large)

4 Crystal phase identification
4.1 Powder diffraction fingerprinting (10)

47 Lattice-fringe fingerprinting (QD) entr’es * Database of Zeolite Structures (contents: crystal structures of zealites, access: free, size: small)
* Incommensurate Structures Database (contents: incommensurate structures, access: free, size: small}
4.3 Marphological fingerprinting (30) ¢ Inorganic Crystal Structure Database {ICSD) (contents: crystal structures of minerals and inarganics, access: restricted, size: large)

* Metals Structure Database (CRYSTMET) (contents: crystal structures of metals, alloys, and intermetallics, access: restricted, size: large)
=> * Mineralogy Database (contents: crystal structures of minerals, access: free, size: medium)
WinCryst {contents: crystal structures of minerals, access: free, size: medium)
Mano-Crystallography Database (NCD) (contents: crystal structures of nanometer sized crystallites, access: free, size: small)

4 4 Lattice matching (307
5 Visualization

-

3.1 Crystal structures

MIST Structural Database MIST Structural Database (contents: crystal structures of metals, alloys, and intermetallics, access: restricted, size:
5.2 Morphology and physical properties large)

MIST Surface Structure Database (contents: surface and interface structures, access: restricted, size: small-medium)

f References

|

Mucleic Acid Database (contents: crystal and molecular structures of nucleic acids, access: free, size: medium)

Pearson's Crystal Data (contents: crystal structures of organics, metalorganics, minerals, inorganics, metals, alloys, and intermetallics, access:
restricted, size: large)

T See also
8 External links
8.1 Crystal structures

Protein Data Bank (PDB) {contents: crystal and malecular structures of biolagical macromalecules, access: free, size: medium-large)

.

Wiki Crystallography Database (WCD) (contents: crystal structures of organics, metalorganics, minerals, inorganics, metals, alloys, and
intermetallics, access: free, size: medium)



Crystallography Open Database

Advisory Board
Daniel Chateigner, Xiaolong Chen, Marco Ciriotti, Robert T. Downs,
Saulius Grazulis, Armel Le Bail, Luca Lutterotti, Yoshitaka
Matsushita, Peter Moeck, Miguel Quirés Olozabal, Hareesh Rajan,
Alexandre F.T. Yokochi

http://cod.ibt.lIt

mirrors worldwide
www.crystallography.net
cod.ensicaen.fr
nanocrystallography.org
jcod.nanocrystallography.net Q
cod.nanocrystallography.net/cod

web portal
http://nanocrystallography.net
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The Cell

Chwomosomes  caress, tangle,

then get wrenched apart & a

French torch song plays in

"Teisted Sisters,” probably the

maost t movie ever made

about m division of meio-

sz It's also one of the standouts

it the' Web site of the Bodips proj-

ect, sponsared by the French govemment The virtual mult i-
plex displays entrants from the last four rounds of the Cin-
ema of the Cell festival. Held annually at the European Life
Scientist Organi mtion meeting. the contest lets reseaches
and students present thelr educ tional Web films, which use
tec hndques firom traditi onal ani mation to stop-motion with
ego Blocks_ Themore than 30 shor ts range from “A Day in the
Life of & Social Amoeba "toa work about the establishment of
cell polarity in nemat odes from auteurs at the Univesity of
‘Wisconsin, Madison (above).

DATABASE ma the LS. Mational Institute of Mental Health, the diverse site

I is 2 meeting place for Alzheimer's researchers (www.alrforum org)
Free the cr:'l"Stals' Feature de a news section and interviews with scientists such as Robin Munray
This site s some f the Institute of Peychiatry in Londen, whohelped show that "obstetric events" such

crystallogra-
phers’  andwer
10 open-source
software, Fovid-
ing an dltemative for

users, for molecules sport-
ing a specific ambnation
of elements The results
appear a5 a standand
“Crystallographic Infer-
mation File” that includes
atomic coordinates and the
spure of the measure
ments A linked site fumishes
predicted structuses for mane than 1500cam-  definition and its cheanslogical range_Forexample the name of the dade Anbylosaundae,

edited by Mitch Leslie

Where Birds Count

The careful oservations of birdwatchers are invaluable to
scientists studying avian distribution and abundance.eBird,
a recently revamped site from Comell Unbeersity's Lab of
Ornitholegy and the Mational Audubon Society, helps
reseanchers access and analbyze birders’ tallies
lat's collaborations with birdwatchers (Salen
B 1402), eBird lets visitoss submit their
database that already has entries

Reseanchers can then parse the ounts for
& particular area or species. For 3 can chart the
number of agpreys seen in each wear and map the
fish-eaters' favorite haunts. é
. &

Symposium
of the latest study comparing different
s, rack down a potential collaborator in taky,
t leading schirophrenia researchers have on their
i can do all this and more at the Schizophrenia
' : e Farum, which officlally opened this week Sponsored
o

b diips com

nonpsofit Mational Alliance for Reseanch on Schirophne-

mature birth boost the risk of schivephrenia_ Visitors to the |dea Lab can bat
argund novel notiond Live chats with experts start next month, and a gene database
i5imthe works.

wrarwschizophrenaforum.ong

affosd the DATABASE

g2t Bingsaur Name Game

Like the ancient Deasts themsebes,
most of the names scentists have
codned for dinosaurs over the last 2 cen-
antibotics Visitors can scanthe  turies are defunct At the new database
ich were contributed by TaxonSearch from paleontologist Paul
Sereno of the Unhersity of Chicage,
reseanchers can unoover which handles
have survived and which have gone
extinet as experts have refined tax-
anomies. Unlie other namower ref-
erences, the site focuses on taxo-
nomic evels above the genus, and it
will cover all archesaurs—the group that comprises dinesaurs and their kin—escept for
birds and crocodiles Dig into the listings to find cut whe first named a group, its official

pounds, such as boron-@ataining nanotubes  to which the herbivone Ankplaauns (above) belongs, dates back to 1908 And if a name
[top image) and Ruosmaluminate crystats. s died cut, youcanleam why Sereno has posted the first batch of 50 records and plans
wanarystallo grapiny net to add abaut FO0 mone withinthe nect fewweeks

S sine Ssggestions ot waToPaaas o g Anchive: W SChad e g .ong fretwa
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QB B8 § . http://www.crystallography.net/ » | [CGl-illography open database @ -8 x
| i Crystallography ... © data 1009000
_che_mical_name_systematic 'Gallium arsenate (V)'
“—WV“’.CI‘}-"SH]HO or ¢lph} net _chemical_formula_structural 'Ga (As O4)'
- _chemical_formula_sum 'As Ga O4'

_publ_section_title

Neutron and x-ray structure refinements between 15 and 1083 K of
piezoelectric gallium arsenate, Ga As O4: temperature and pressure
behavior compared with other $-alpha-quartz materials

loop_

_— _publ_author_name
g 'Philippot, E'
Crystallography Open Database ‘Amand, P
Upload data ,YOt’ o ,
oF Cambon, O
Search the database ‘ewien, &8
Mclintyre, G J
'‘Bordet, P’
_journal_name_full 'Journal of Solid State Chemistry'
_journal_coden_ASTM JSSCBI
. . L _journal_volume 146 ':ruj p
View the Petition ‘fﬂl Ol)e’n Data in Cryscallography _journal_year 1999 = I
Call to Volunteers 3 . m o
Ses also the PCOD - Predisted Crystallography Open Databass _journal_page_first 114 a <
Ilore om the COD project : what's new _journal_page_last 123 b= {-L-%
—
Recent open access paper regarding COD development was published in Journal of Applied Crystallography. PDE _Ce”_length_a 49940(1 ) L= o
COD Adwi Board thanles Crystal I tGE‘lnvlgjl?bleth ir financial rt of thi bl _Ce”_length_b 49940(1) 'E j
Lrystal lnpact Lok S«
WLE0TY Doat 3 Z Inpac 0f e C. Support o S paper il _Ce”_length_c 1 1 3871 (4) I‘: |i'_' 5
. ) _cell_angle_alpha 90 < O
CIFs Donators - Advice to potential CIF Donators = &
Statistics of access generated by hiip-analyze and visitors programs _Cel I_angle_beta 90 o i
Currently there are 109214 entries in the COD cell angle gamma 120 w < e s etia
A1 data on this site have been placed in the public dormain by the contribuators - — — | ™
_ _cell_volume 245.9 = £ =
\ /% _cell_formula_units_Z 3

_symmetry_space_group_name_H-M 'P 3121’
_symmetry_Int_Tables _number 152

Advisory Board : _symmetry_cell_setting trigonal
Draniel Chateigner, Kiaolong Chen, Iareo Cidottl,
Robert T. Downs, Saulius Grafulis, Srmel Le Bail, Luca Lutterotti loop_
Yoshitaka Matsushita, Peter Ioeck, Iiguel Quirds Olozabal, sym metry equiv pos_as_xyz

Hareesh Fajan, Alexandre F.T. Yokochi ky o) F



http://nanocrystallography.research.pdx.edu/ClF-searchable

@B @@ @ O http://nanocrystallography.research.pdx.edu/search.py/index ~[ ] @- Google Q)3
1 B Interactlve Cryst... ©

Mano-Crystallography Group

Interactive Databases

COD Subset
EduCoD
Hane-Cristallography Database coD Subset%83%) Educational subset of cOD®")
Crystal Morphology Database Search and view Search and view
Wiki Crystallography Database
LFFF Matching {coming soon)
Tools E’
Login
Wain Sponsar
Links Nano-Crystallography Database? Wiki Crystallography Database®'*¥ m O re th a n
Search and view LoginRegister for upload Search and view Upload data

D ALY 130,000
‘ & A hits since

S opislon EiRase January 19,
2008

Several crystallography databases are offered for browsing, each of which having
a slightly different purpose. You can search the databases, display the contained
CIFs, wiew 3D models of the crystal structure and morphology or compute and
display their lattice fringe fingerprint plots.

The COD Subset available here is a mainly inorganic and educational subset of
the Crystallography Cpen Database (COD) project. The data have been cleaned
up and various checks for crystallographic consistency have been performed on
them.

The Mano-Crystallography Database aims to collect data about nanocrystals. Size -

Project made possible by assistance fram: Page rmaintained by consuftarts@@p  Lou

Portland State l\‘“WACC ON&MI @ ..'.J.,\,.‘] .l Loy z NanoMEGAS ® Portland State University 2010

UNIVERSITY il Compaing Fvorien S A Advanced Tools for efectron diffraction “visits since January 1% 2008 134646 |
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Home
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Interactive Datahases Text (1 or 2 wards) |
COD Subset Include these elements |
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Crystal Morphology Database Clear all Hide table
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Cell volume (min, max) | |
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Symmetry cell setting | - l
Morphology | - |
Colour |
Colour lustre | = l
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Interactive Databases
COD Subset

EducoD

Following is the raw CIF file:

data m0000D7931
_chemical name mineral $ilicon
loop_

_publ_author name

"Wyckoff R W G7
journal_name_full "Crystal Structures”
journal_volume 1

_Jjournal year 1963
_Jjournal page first 7
_journal page last 83

_publ section title

gecond edition. Interscience Publishers, New York, New Yo

Jample at T = 200 K

_chemical formula sum "§i°
cell length a 5.43070

_cell length_b 5.43070

_cell length_c 5.43070

cell angle_alpha 90

cell angle beta 90

cell angle gamma 90

cell volume 160.16A5

_symmetry space group_name H-M 'F d 3 m'

loop_

_symmetry equiv_pos_as_xyz

'E,vez’t

"®, 1/ 24y, 1/2+z"

T1/2+x,y,1/2+z2"7

"1/2+4%,1/2+y, 27

3/44z,3/4-%,1/4+y "

3 44z, 1/ 4-x, 3/ d+y " »
"1/442,3/4-x, 3/ 4+y"

"1/ 84z, 1/4-x, 1/4+y" [«
-y, 1/2+z2, 1/2-%"

-y, 4z, -x"

11/2-y,1/2+z2, -x"
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projected reciprocal lattice geometry, projected symmetry, and
structure factor fingerprinting result in highly characteristic data for
crystallographic identification of individual unknown nanocrystals
from HRTEM images and/or PED patterns

for ensembles of nanocrystals, better statistics with powder PED

Structural distinction between magnetite and maghemite from HRTEM images
demonstrated, R. Bjoerge, MS thesis, 2007,
http://www.scientificjournals.org/journals2007/]_of dissertation.ntm. Most recent
paper: P. Moeck and S. Rouvimov, Zeits. Kristallogr. 225 (2010) 110-124, special
iIssue on “Precession electron diffraction”

(On-line) support from comprehensive open-access databases,
~ 109,000 entry COD, http://cod.ibt.It, with 4 mirrors and 1 web
portal; our mainly inorganic subset of COD,
http://nanocrystallography.research.pdx.edu/ClF-searchable
= 20,000 entries for lattice fringe fingerprint plots

also Wiki-Crystallography Database, educational subset of COD, Nano-Crystallography Database, Crystal
Morphology Database, ...
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Figure 5-15: The defocus values and astigmatism are determined from the black ning(s) in the FT
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Figure 5-16: An image KNBCTF.PCX before (a) and after (b) applying the CTF filter.



Similar structures may in future be distinguished on the
basis of the projected symmetry
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