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CRYSTAL-STRUCTURE TOOLS

You can access to the material of this session:

http://www.cryst.ehu.es/resources/nancy2019/

You need to download: h

- CrystalStructureTools.txt o


http://www.cryst.ehu.es/resources/nancy2019/

STRUCTURE TRANSFORMATION



Crystal structure descriptions

What do we need to describe a crystal structure?

Space Group (ITA number)

Lattice parameters

Number of independent atoms in the asymmetric unit
Atom type and number

The Wyckoff position

The coordinates x, y, z

141 7?
6.6164 6.6164 6.0150 90 90 90 ¢ -?)
3 —

BCS format . y
Zr 1 4a 0.000 0.750 0.125 -4
Si 1 4b 0.000 0.750 0.625 -
O 1 16h 0.000 0.067 0.198




ITA settings structure descriptions

Inorganic Crystal
Structure Database

CIF v ‘ Export H Bonds H Pattern H Structure H Jmol ‘
Title Crystal structure and its role in electrical properties of the perovskite Ca Pb O3 synthesized at high

pressure,
Authors Yamamoto, A.;Khasanova, N.R.;Tzumi, F.;Wu, X.-1.;Kamiyama, T.;Torii, 5.;Tajima, S.

Chemistry of Materials (1999) 11, 747-753
Link XRef SCOPUS SCIRUS Google

Compound Cal 03 Pb1 - Calcium plumbate [ABX3] [oP20] [d c2 b] []
GZebals) . 5.88752(4), 8.14954(6), 90., 90., 90.

coll Pmnm (e uanias > Non-standard setting

Remarks R=0.011000 : RVP NDP

Reference

Atom (site) Oxid. X, ¥, Z, B, Occupancy

Cal (4c) 2 0.9860(3) 0.0563(2) 0.25 0.84(3) 1
Pbi (4b) 4 0.5 0 0 0.38(2) 1
01 (4c) -2 0.1200(3) 0.4452(2) 0.25 0.67(3) 1
02 (8d) ) 0.6907(2) 0.3051(2) 0.0613(2) 0.96(2) 1

[a! br C:ln = [a! br C)S P

ITA number Setting P p-1

X~=(P,p)*X

62 Pmnb ba~-c ba,-c
structure = structure
.. .. 62 Pbnm e¢,ab b,ca
description description

62 Pcmn -¢,b,a ¢,b,-a

62 FPnma ab,c ab,c

Initial setting Final setting

62 Pmcn be,a c,ab

62 Fnam a,~cb a,c,-b



ITA settings structure descriptions

SETSTRU http://www.cryst.ehu.es/cryst/setstru.html

Transform a structure to an alternative setting

[in CIF format] HINT: [ The option for a given filename is preferential |
The program SETSTRU performs the transformations
between crystal-structure descriptions referred to the
so-called |ITA setting of space groups.

# Space ITA number

62

# Lattice parameters

5.67182 5.88752 8.14954 9@. 90. 98.

The first step consists in the input of the structure data. # Number of independent atoms in the asymmetric unit

The data can be given using the form or it can be 4

loaded from a CIF file. The necessary data for the # [atom type] [number] [WP] [x] [y] [z]
structure consists in the number of its space group in EZ i i; g'gggg g'gggs g';;gg

the International Tables for Crystallography, Vol A, the ) ) )

0 1 4c ©.1200 9.4452 ©.2580

lattice parameters (in A and degrees), the number of Structure 0 2 8d ©.6907 0.3051 0.0613

the atoms in the asymmetric unit and the
corresponding atomic positions.

Next, it is necessary to specify the initial and final
settings of the structure descriptions among the listed
ITA-settings of the structure's space group (e.g. to
convert from rhombohedral to the standard

hexagonal settings). B CS fO rmat

A detailed description of the structure with respect to
the final setting of the space group is shown in the
output.

| Transform Structure |

[ Bilbao Crystallographic Server Main Menu ]


http://www.cryst.ehu.es/cryst/setstru.html

ITA settings structure descriptions

SETSTRU CaPbO,

Choose the initial and final space groups symbols Transformation to standard setting of space group 62

The standard setting (default) of the space group 62 is Pnma Initial structure

Initial Final Setting P p-1 Initial Setting: Pbnm (62)

6Z
-,., ana a’b,c a’b,c S.e7102 S5.BB7352 B8.14554 5S0. 0. S0.
- <
o " Pmnb b.a-c ba.-c ca 1 - 0.586000 0.056300 0.250000
- - = = =) 1 - 0.500000 0.000000 0.000000
o 1 - 0.120000 0.445200 0.Z250000
-'!' . Pbnm cab bca o 2 - 0.630700 0.3205100 0.061300
Q . Pcmn -¢c,b,a c,b,-a
Pmcn bse,a cab ]
Final structure
Pnam a,c¢,b a,c,-b
Final Setting: Pnma (62)
Note: 62
S.8875 B8.1455 5.&710 50.00 50.00 S0.00
- - - - - 4
1. The listed transformation matr_mes P dgscnbe the transformation e . e 0. 056200 5. 250000 5. 526000
from standard to non-conventional setting: on 1 4k 0.000000 0.000000 0.500000
(o] 1 Lo 0.445200 0.250000 0.120000
(a, b, c]n - {ﬁ, b, C}S P (o] 2 g8d 0.305100 0.061300 0.650700
2. The non-zero elements of the transformation matrices P are listed | Visualize this structure || CIF File || Cartesian Coordinates
by columns, i.e. P = -a,-a-c, -b means:
Transformation matrix (P, p): b,c,a; 0,0,0
- : Matrix form:
P pl= 0o 0 - 0 :
. p) o -1 0 0
[ 0 0 1110 0]
(P, ®) = [ 1 0 DR 0]
[ 0 1 01 I 01

Transform



ITA settings structure descriptions

SETSTRU

Choose the initial and final space groups symbols

The standard setting (default) of the space group 62 is Pnma

Initial Final Setting P p-1

--g- Pnma ab,c ab,c

Q & Pmnb b,a-c ba,-c

--!- & Pbnm cab bca

o) . Pcmn -¢ba c,b,-a

@) v Pmcn be,a cab

) & Pnam a,c,b a,c,-b
Note:

1. The listed transformation matrices P describe the transformation
from standard to non-conventional setting:

(a: b: C}n = {ﬁ, b: C}S P

2. The non-zero elements of the transformation matrices P are listed
by columns, i.e. P = -a,-a-c, -b means:

(P.p)z( _

Transform

(SR
| |
[
i
— o
L - )

Atoms Data:

CaPbO,

AT

WP

88

Representative

Atomic orbit

Ca

—

4c(x,1/4.2)|.

(0.056300,0.250000,0.986000)

(0.
(0.
(0.
(0.

056300,0.250000,0.
443700,0.750000,0.
943700,0.750000,0.
556300,0.250000,0.

986000)
486000)
014000)
514000)

Pb

=

4b (0,0,1/2)

{0.000000,0.000000,0.500000)

(0.
(0.
(0.
(0.

QQo000,0.000000,0.
500000,0.000000,0.
Q0o000,0.500000,0.
500000,0.500000,0.

S00000)
Qooooa)
S00000)
QQoooa)

o1

dc(x1/4.2)].

(0.445200,0.250000,0.120000)

(0.
(0.
(0.
(0.

445200,0.250000,0.
054800,0.750000,0.
554800,0.750000,0.
945200,0.250000,0.

1z20000)
620000)
BE80000)
380000)

02

8d (xy,z)

(0.305100,0.061300,0.650700)

(0.
(0.
(0.
(0.
(0.
(0.
(0.
(0.

305100,0.081300,0.
1954300,0.938700,0.
694800,0.561300,0.
805100,0.438700,0.
694900,0.938700,0.
805100,0.0681300,0.
305100,0.438700,0.
194500,0.561300,0.

620700)
190700)
308300)
809300)
309300)
809300)
690700)
190700)




[ Print | 2 @n
—"

CC=Collection Code: [AB2¥4]=ANX Form: [cF56]=Pearson: [e d a]=Wyckoff Symbol: [Al2ZMgO4]=5Structure Type:

Exercise 3.1

Compare the two structure descriptions and check if they
belong to the same structure type

tries selected.

**xClick the ANX, Pearson or Wyckoff Symbal to find structures with that symbol***,

Title

Authors

Reference

Compound

CC=45520 [Details j (Bundsj [Patternj (Structurej [Jmul j CC=31101
Title Redetermination of the oxygen parameters in zircon (Zr Si 04).
Authors Krstanovic, I.R.
Acta Crystallographica (1958) 11, 896-897
Reference | ink XRef SCOPUS SCIRUS Google
Zr (Si 04) - [Zircon] Zirconium silicate [ABX4] [tI24] [h b a]
Compound [ZrSi0a]
Cell 6.6164(5), 6.6164, 6.0150(5}, 90., 90., 90.
I41/AMDZ (141) V=263.32
R=0.070000 : PDC =01-073-6646 : PDF =6-266 : TYP =Zr5i04 :
XDS MIN =Zircon :
Remarks

Atom (site) Oxid.

Zrl
Sil
01

At least one temperature factor missing in the paper.
hk0- and Okl-data, crystals not metamict

X, ¥, £, B, Occupancy

(4a) 4 0 0.75 0.125 01
(4b) 4 0 0.75 0.625 01
(16h) -2 0 0.067(3) 0.198(3) 0 1

Origin choice 2

Cell

Remarks

Atom (site
Zrl
Sil
01

(Detailsj [E-onds) (Pattern) [Structure j []mnlj

Die Kristallstruktur von Zirkon und die Kriterien fuer spezielle
Lagen in tetragonalen Raumgruppen..

Wyckoff, R.W.G.;Hendricks, 5.B.

Zeitschrift fuer Kristallographie, Kristallgeometrie, Kristallphysik,
Kristallchemie (1927} 66, 73-102

Link XRef SCOPUS SCIRUS Google

Also: Philosophical Magazine, Serie (1926) 1, 1151-1151

Zr (Si 04) - [Zircon] Zirconium silicate [ABX4] [tI24] [h b a]
[ZrSi04]

.61, 6.61, 5.98, 90., 90., 90.
I41/AMDS (141) V=261.28

COR MIN =Zircon : PDF =6-266 : TYP =ZrSi04 : XDS
At least one temperature factor missing in the paper.
Mo R wvalue given in the paper.

Revised data of 31084

) Oxid. X, ¥; £, B, Occupancy

(4a}) 4 0 0 0 0 1
(4b} A4 0 0 0.5 0 1
(16h} -2 0 0.2(1) 0.34(2}) 0 1

Origin choice 1




Exercise 3.1

Space group 14,/amd (No. 141)

Stabli el 5-6.600 A =588 A Origin choice 1 at -4m2

- Space group 14,/amd (No. 141)

Structure 2 | ise-oy Sasl o\ Origin choice 2 at 2/m

Compare the two structure descriptions and check if they belong
to the same structure type

Use the tool of Bilbao Crystallographic Server: SETSTRU

Hint: In order to compare the different data, the parameters of
Structure 1 are to be transformed to 'origin at center 2/m’,
l.e. ORIGIN CHOICE 2



Structure transformation

TRANSTRU  http://www.cryst.ehu.es/cryst/transtru.html

Transform Structure Pbg(VO4)2
[in CIF format] HINT: [ The option for a given filename is preferential ]
TRANSTRU can transform a structure in two ways: 66
5.6739 5.5739 20.3412 98. 90. 120.
« To a lower symmetry space group. The 6
transformed structure is given in the low Pb 1 33 0.0000 0.0000 0.0000
symmetry space group basis, taking care of all Pb 2 6 ©0.0000 0.0000 ©.2073
possible splittings of the Wyckoff positions. PV 1 6c ©.0000 2.0008 @.3924
« With an arbitrary matrix. The structure, including High Symmet O 16¢c ©.0000 0.0200 8.3247
the cell parameters and the atoms in the unit cell, St?uctuf’e i 9 2 18h 0.8433 0.1567 0.4299
is transformed with an arbitrary matrix introduced
by the user.
Only the default choice for the conventional setting of BCS form at
the space groups is used.
i
Transform structure to a subgroup basis ®
/ Transform structure with an arbitrary matrix ©

N4

:
subgroup basis

arbitrary transformation


http://www.cryst.ehu.es/cryst/transtru.html

Structure transformation

Pb3(VO,),

Description
R-3m (No. 166)

laa
5.6748 L5.&748 20.3784 90 90 120
;b 1 3a 0.000000 0.000000 0.000000
Eb 2 ac 0.000000 0.000000 0.207100
BV 3 oo 0.000000 0.000000 0.388400
o 4 ac 0.000000 0.000000 0.324000
o 5 18h 0.842400 0.157e00 0.430100
Structure
(P.p)
Transformation
¥ | |
DESCFI pt| on Linear part Crigin Shift \
P2,/c (No. 14) e PR O | TN C—
In matrix form: |11’3 ‘ ‘1 | |1 | D
o 2 o o | o]
Validity (P,p) )

WP splitting



Structure transformation

High symmetry structure

166

5.673% 5.673% 20.3412 50. S0. 120.

3

Fb 1 3a O.000000 O.000000 0.000000
Pb 2 Go 0.000000 0O.000000 0.207300
BV 1 Go O.000000 O.000000 0.392400
o 1 Gc 0.000000 0.000000 0.324700
o 2 18h 0.843300 0.156700 0.429300

(P,p)=2/3a+1/3b+1/3c,b,-2a-b

Low symmetry structure

014

7.530264 5.673500 2.827483 50.000000 115.78Be674 30.000000

[

Pb 1 2a 0.000000 0.000000 0.o000000
Pb 2 de 0.621300 0.000000 0.207300
BV 1 de 0.177200 0.000000 0.3%2400
e} 1 de 0.974100 0.000000 0.324700
e} 2 de 0.289700 0.735050 0.008250
o} 2 2 de 0.285%700 0.300000 0.773200
o} 2 3 e 0.710300 0.7645350 0.491730




Exercise 3.1 (cont.)

Apply the program TRANSTRU in order to check if the two structure
descriptions belong to the same structure type

Space group 14,/amd (No. 141)

Structure 1 a=6.600 A ¢c=5.88 A  Origin choice 1 at -4m2

Space group 14,/amd (No. 141)

bbbl --6616 A c=6.015 A Origin choice 2 at 2/m

Coordinate

Origin choice 2 > Origin choice 1
p=0,1/4,-1/8

transformation




EQUIVALENT STRUCTURE
DESCRIPTIONS



Equivalent structures descriptions

CsCl
Pm-3m (No. 221)

v

1a (0,0,0)
1b (1/2,1/2,1/2) > 1a (0,0,0)

1b (1/2,1/2,1/2)

How to find all possible equivalent descriptions of a crystal structure?

Number of equivalent descriptions = |[N(G)|/|G]|

Index of the group in its Euclidean normalizer



Equivalent structures descriptions

EQUIVSTRU http://www.cryst.ehu.es/cryst/equivstru.html

Given a space group ITA
number, the cell
parameters (separated with
spaces) and the atom
positions, the program
EQUIVSTRU transforms
the corresponding structure
with the elements of the
euclidean normalizer of the
space group. All the
transformed structures are
equivalent symmetry
descriptions of the given
initial structure. The atom
positions are identified
generating the Wyckoff
sets.

Only the default choice for
the conventional setting of

Equivalent Descriptions of Crystal Structures

CsCl

Structure Data = Examinar... 7‘ No se ha seleccionado ningtin archivo.

. oo Pk i BNG IENile
[in CIF format]  HINT: [ The option for a given filename is preferential ]
$Exercise 2.4.2a(CsCl)
# Space Group ITA number
221
# Lattice parameters
4.12599 4.12599 4.12599 90.0 90.0 90.0
# Number of independent atoms in the asymmetric unit
2
# [atom type] [number] [WP] [x] [v] [z]
Cl 1 la 0.000000 0.000000 0.000000
Cs 1 ib 0.500000 0.500000 0.500000
Structure

BCS format

Show



http://www.cryst.ehu.es/cryst/equivstru.html

Equivalent structures descriptions

Normalizer coset representative: x,y,z

» Equivalent description 1 (original input structure)

AT.

WP 35

Representative

Atomic orbit

ci

1a (0,0,0)

m-3m

{0.000000,0.000000,0.000000)

{0.000000,0.000000,0.000000)

Cs1

1b (1/2,1/2,1/2)

m-3m

(0.500000,0.500000,0.500000)

(0.500000,0.500000,0.500000)

e Equivalent description 2

Normalizer coset representative: x+1/2 y+1/2,z+1/2

AT WP 85 Representative Atomic orbit
Ci1|1b (1/2,1/2,1/2)|m-3m | (0. 500000,0.500000,0.500000) | {0.500000,0.500000,0.500000)
Cs1 1a (0,0,0) m-3m| (0.000000,0.000000,0.000000) | (0.000000,0.000000,0.000000)




Exercise 3.2(b)

How many equivalent sets of coordinates can be used to describe
the structure P(C,C;),[ MONCI,]? What are their coordinates?

Atom Wyckoff Coordinate triplets

position Y 2
| 2b 0.25 0.75 0
Mo 2¢ 0.25 0.25 0.121
N 2c 0.25 0.25 0.093
C1 3qg 0.362 0.760 0.141
C2 8g 0.437 0.836 0.117

Cl 8¢ 0.400 0.347 0.191




Exercise 3.3

Do the following three structures belong to the same structure type?
Try to find analogous coordinate descriptions for all three crystal structures

148 148 148

7.3480 7.3480 7.2740 90.00 90.00 120.00 7.3965 7.3965 7.2826 90.00 90.00 120.00 7.42797.42797.4180 90.00 90.00 120.00
3 3 3

K 1 3b 0.3333330.666666 0.166666 Ba 1 3b 0.3333330.666666 0.166666 Ba 1 3a 000

As 1 3a 000 Ir 1 3a 000 Sn 1 3b 0005

F 1 18f 0.12920.21650.1381 F 1 18f 0.07290.23250.1640 F 1 18f 0.25860.8262 0.0047

R-3 (No. 148) == 4 equivalent descriptions: X,V,z; X,Y,z+1/2; y,X,-Z; Y,X,-z+1/2



COMPARISON OF STRUCTURES



Comparison of structures

The program measures the similarity between two structures with
the same or different compositions:

- same space-group (or space groups that form an enantiomorphic pair)
- same sequence of the occupied Wyckoff positions
- the same total number of atoms in the unit cells

G affine G global distortion G
standard normalizer standard of the mapping  standard
Description 2 f — | (Description 2), > | Description 1

symmetry _ _
controlled most similar lattice deformation

mapping configuration atomic displacement field



Comparison of structures

How to measure the similarity between two descriptions ?
degree of lattice g _ 1 Z n? n-eigenvalues of the Lagrangian
distortion 3 =" strain tensor
i

average atomic

1 -
: d.. — =V m.u. u, atomic displacements
displacements av = Z:: £ |

maximal atomic

: maximal displacements of the paired atoms
displacements



Comparison of structures

How to measure the similarity between two descriptions ?

structural -\ [Elﬁﬂ(ﬂ) +1] A(d) —1

descriptor

Alc) = > oml(z1—22)%+(y1—y2)?+(21—22)%]1/2 A(d) — [(b1/a1)(c1/ar)]

2.m [(be/ag)(ca/az)]
weighted mean difference relation between
between atomic coordinates axial ratios

Bergerhoff et al. Acta Cryst.(1999), B55, 147



Comparison of structures

COMPSTRU http://www.cryst.ehu.es/cryst/compstru.html

Structure Data Mo se ha seleccionado ningdn archiva. CI F fl I e

[in CIF format] HINT: [ The option for a given filename is preferential | Pb 3(PO4)2

15
13.800 5.691 59.420 90.0 102.3 90.0
7
b 1 ie 0.0000 0.2910 0.2500
Fb 2 8f 0.3170 0.3090 0.3520
P 1 &t 0.5990 0.2410 0.4470
4] 1 Bf 0.6430 0.0300 0.3820
o] 2 8f 0.6340 0.4640 0.3740

Structure 1 0 3 8f  0.6420 0.2800 0.6120
4] 4 Bf 0.4910 0.2220 0.4200

BCS format
Standard Setti ng Structure Data Mo se ha seleccionado ningan archivo. CIF flle

[in CIF format] HINT: [ The option for a given filename is preferential

15
13.967 5.560 40.778 90.0 166.713 90.0
7
Fb 1 4e 0.0000 0.0000 0.7500
PFb 2 &f 0.0000 0.0000 0.8563
P 1 a&f 0.0000 0.0000 0.9511
0 1 &af 0.0000 0.0000 0.9145
O 2 &f 0.2715 0.7285 0.888%5
Structure 2 O 3 8f 0.9570 0.5000 0.1170
0 4 af 0.7285 0.2715 0.6115
BCS format
Enter the maximum distance allowed between the paired atoms: A

Tolerance

Enter the allowed folerance (abc apy)|.5.5.5555 |



http://www.cryst.ehu.es/cryst/compstru.html

Comparison of structures

15 15
is.soa 5.621 2.220 20.0 102.3 =0.0 13.967 5.560 40.778 90.0 166.713 90.0
7
Fk 1 4e 0.000000 0.291000 0.250000 bb 1 ae 0.000000 0.000000 a.750000
Fb 2 8f 0.317000 0.309000 0.352000 b 2 af 0.000000 0.000000 0.856300
P 1 Ef 0.555000 0.241000 0.447000 E 1 8f 0.000000 0.000000 0.951100
g ; :i g ::jggg ggi:ggg g 2:3223 o 1 B8f 0.000000 0.000000 0.914500
- ) . . o 2 BT 0.271500 0.728500 0.BBB500
o 3 Ef 0.822000 0.280000 0.&l2000 o 3 Bf 0.8957000 0.500000 0.117000
0 4 et 0.421000 0.222000 0.220000 o 4 Bf 0.728500 0.271500 0.6811500
WP |atom | omic Displacements (P, p): -a,-b,3a+c ; 1/4,1/4,0
Ux Uy uz ul
4e|(0,y,1f4) Pb1 |0.0000(-0.0410| 0.0000 (0.2333
|8t | (xyz) | Pb2 [0.0019]-0.0590] 0.0043 [0.3386
|8f| (xy.z) | P1 \0.0043| 0.0090 \ 0.0041 \0-0316 Description of Structure #2 in the most similar
|8f| (xyz) | 01 [0.0010|-0.0085|-0.00350.0617 configuration to Structure #1
|8t (xyz) | 02 [0.01000.0145]0.0145 [0.1910
015
|3f| (x.y,z) | 03 ‘U-0920|-0-0300‘ 0.0050 ‘0-17?? 13.967000 5.560000 9.630055 90.000000 103.295059 90.000000
|8f| (xyz) | 04 [0.0025]0.0280 |-0.0055]0.1733 7
Fb 1 4e 0.500000 0.250000 0.750000
Fb 2 Bf 0.8185900 0.250000 0.85&6300
i 1 &f 0.103300 0.250000 0.951100
. - . o 1 8f 0.9593500 0.250000 0.914500
Evaluation of the structure similarity o 5 s 5 £24000 5 531500 5 zmmson
0] 3 Bf 0.&644000 0.750000 0.117000
S |dmax. (A)|day (A)| A o 4 ef 0.356000 0.978500 0.611500

0.0116| 0.3386 | 0.1755 |0.066




Comparison of structures

Visualization of the comparison PD3(PO,),

-C 2yc [C 1 2/c 1] #15

a=13.967A

b=5.560A ,

c=9.630A ‘ Structure #1
o=90.000° ' — '
$=103.295° » Structure #2

y=90.000° - 7 -
| Structure #2 (most simiar) |

| Compare Structures |
| Compare lattices
Atomic Displacements

Structure 1: Mopaque
@ ballgstick Ostick O
cross
Structure 2: Mopaque
@ ballgstick Ostick O
Cross

Show Distances

cutoff:

Save PNG+Imol




Exercise 3.4

In ICSD can be found several structure data sets of e-Fe,O,, all of them of
symmetry Pna2,(No.33). Compare the following two descriptions and check
if they belong to the same structure type.

ICSD for WWW

Details of the selected entries

{Print ] 2 entries selected.

CC=Collectior Code: [AB2K4]=ANX Form: [eMEG]=Pearson: [e d a]l=Wyckoff Symbol: [Al1Z2MaD4]=Structure Type:
*¥*Click the ANX, Pearson or Wyckoff Symbal ko find structures with that symbol* ¥*,

CC=173024 ( Detal's | ( 3oncs | ( Fattern | | Structure ) [ Jmol | CC=415250 . Detalls | [ Bonds ) [ Parrerr ) | Structure | { Jmal |

High- and lew-tamperature crystal and magnetic structure of epsilor-Fe2  Tide Syrthasis ang structural analysis of epsilen-(Fe2 03).
O3 and their correlation to its magnetic properties. Authors  Kelm, K.:Madar, W.

Zeitschrift fusr Anorganische und Allgemeire Chamie (2005) 631,
Referemce Z383-73R9
Link XRef SCOPUS SCIRUS Google

Compound Fe2 O3 - Diircn(IIl) oxide - =psilon [AZX3] [oP40] [a10] [AIF203]

£.0715(2), 8.7359(4), 9.4178(4), 90, 90, 00
PNAZ21 (33) V=417.24

Remarks R=0.033000 : TYP =AIFe(l3 : XDF RVP

Title

Cich, M.;Frontera, C.;Roig, A iTabooda, E.;Melins, E.;Rechenbarg,
Authers H.R. Ardisson, 2.D.;Macedo, W.ALA. Ritter, C.;Fardy, V.;Scrt,
J. 1 Skurmryew, V.;Mogques, J.

Chemistry of Materials (2007) 1B, 3R89-3897
Link XRef SCOPLS SCIRUS Google

Compound Fe2 O3 - Iron(111] oxide - epsilon [A2X3] [aP40] [al10] [AlFe03] Cell

5.08B5[5], 8.7E02(14], 9.4705(13}, 90., 9C., 90.
PNA21 (33) Vv=423.14

R=0.013300 : NOP RVP SNP TEM =200 : TYP =AlFe03 : XDP MAS . .
Remarks = Atom (site) Oxid. X, ¥, Z, B, Occupancy

AL least one temperature factor missing in the paper
Fel (4a) ] 0.E768(9) 0.8427(5) 0.COCOODC 0.050[2] 1.0000000

Reference

cell

Abom (site) Oxid. % v, z, B, Occupancy Fez (4a) 3 0.204(1) 0.3509(8) 0.7726[(8) 0.083[3]  1.0000000
o1 (2] 5 0.978(2) 0.3282(15) 0.4314(11) 01 Fe3 (42 :~, 0.E07(1)  0.6605(8) n_squ 0.069(27  1.0000000
o2 (43) 5 0.515(2) 0.4907(:7) 0.£187(16) o1 Fet (42 3 U.E.afz(cl} 0.4634(5) 0.083(2) 0.046[1]  1.0000000
i G 3 e cemcy ke 0 O @9 F 0@ omme) amn) ooese Lo
o4 (42) 2 0.160(3) 0.2837(25) 0.1956(7) 01 0z LZ: 2 0:453?3; 0;5??52; 0:551-52; n:uﬁsé-sas 1:-ju-jnono
oS (42) - 0.841(3) 0.2880(25) 0-6669(7) 04 o4 (4a) -2 0.527(3) 0.669(2) 0.100(l) 0.0063326 1.0000000
oa (42) - 0.527(2) 0.2637(19) 0.9362(5) 01 o5 (4a) -2 N.B6R(3) 0.334(2) N.B6E3(1) 0.0063326 1.0000000
Fel (4a) 3 0.1928(11) 0.1505(6) 0.5807(3) 01 i :

cen (42) 3 0.6826(5) 0.0291(3) 0.7897(5) o, OE (4a) 2 0.338(3) 0.513(1) 0.E91(1) 0.0063326 1.0000000
Fe3 (4a) 3 0.1858(10) 0.1519¢6) n 01

Fc4 (42) 3 0.8104(7) 0.1580{4) 0.3071(3} 01



118 148 143

7.3480 7.3480 7.2740 90.20 92.00 120.00 7.3965 7.3965 7.282C 00.00 92.02 120.20 7.4279 7.4279 7.4180 20.00 90.00 120.00
3 3 3

K 1 3b  ©.333333 0.GGEEGGE @.166666 Ba 1 3 $.333331 0.6606666 0. 166666 Sn 1 3b a8 0.5

As 1 3a AeaQ Ir 1 3ag ] Ba 1 3a 2o

F 1 18f ©.1297 @.7165 @.1381 F 1 18F  0.0729 2.2325 0.1640 F 1 18F  D.2586 0.8262 U.0047

Koch, Fischer. MathCryst Satell., ECM22, Budapest 2004



Comparison of structures
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