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lattice centering type<4
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Point Groups 32
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A Cell parameter

A Cell constant

23



0

A

\| B

International Tables for Crystallography (2006). Vol. A, Space group 230, pp. 715-717.

la3d
No. 230

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

% h 1 ()xyz
)%y
9) y,z,x
(l’;)V+4
(17) x+3.z
21) z+3

(25) £,9.2
y

X+
+
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J-l— J—I— 4.1_

daliw Sl g
-

=y

-'1 \*‘l Nl
+ + +
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(O*OO)+ (%-5*

N R N

dall da) i delw

10
Oh

I 4,/a32/d

Coordinates

G xy+i,7+1

1

_. Z 3
<m7+§f+%y (7) 74 3.5.y+3
(10) y,z2+ 3,5+ 1 (1) y+31.2+3.%
(14) y+ 3,5+ 3,7+ 3 H$y+4x+£z+§
(I8) ¥+ 1,2+3.v++ (19 X+3.74+3.9+17
(22) z+ 1,4+ 3, x+3 (23) 743, y+3,x+1
(26) x+ 3,2+ 3 27) x,¥+ 3.2+ 3
(30) Z+3,x+13,y 31) z+1,x,5+1

(34) y, 74+ 1, x4+ @5 yi-AigLdx

G8) y+1x+1,z+L (39) y+i,x+3,7+1
(42) x+3 z+4\+% (43) x+1.2+3.y++
@Bz £ 3 yd-3 x4+ L @Dz vl xF3

Cubic

Patterson symmetry /m3m

Reflection conditions

h.k,l permutable

General:
4) x+3.9+13.2 hkl : B+k--1=2n
(8)7r+-' V+3 Okl : k,l=2n
(12) ¥ +L:2,x+1 hhl : 2h+1=4n
1 h00: h=4n

(16) V+41,x+ 3,2+ 1
(20) r+i.:+;,v+-
(24) Z+ 7,5+ 1,5+ 3
(28))?+—§,_v+:,~
(32) z.X+3,y+3
(36) y+3,2,. %+ 3
(40)v+4,x+§,2+3
(44)x+4,z+4,v+,
(48)~.+4,_V+ P e
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Special: as above, plus

48 ¢ .2 LR¥+: s+ sy+ny+: o 745y +3 hkl : h=2n+1
455y J+LeY  ytneY+:  y+Lei+: OE =R
V?.V_*_%a% V-,.V'*‘%»% V+%,V+%,% ‘-’+l"+%a%
LIY+3 Lyy+i LY+ Ly+59+id
y+55¥  y+5sny  F+is¥+: F+nny+:
yy+is  y»y+ihi  FHiI+4h: y+un¥+a
48 f 2. x,0,% i+13,0,2 +x,0 3.%4+1,0 0,5.x 0,3,X+3 hkl : 2h+1=4n
#»x+1,0  3,%+3,3 x+3,33  *+1,0,z 0,4,%+37  5,3.x+73
%,0,3 x+13,0,1 3,%,0 1,x+3,0 0,7,% 0,3,x+73
LEHR0 bxdhi SHLED 0 04303 03x43 L0+
32 e 3 X, 35 X+31,X5,x+3 X,x+3,X+1 X+31,541,% hkl : h=2n+1
X+ 5244547 EHLEFLIET xFLEFLx+] BELxFIaH: or h+k+1=4n
5 s X+ 1x,X+1 X, X+ 3,X+3 T+i1,x+1,x
FRIRETEEE  ARLENLAEY BLIRISELY  BEIELTaNS
24 d . 304 402 30 3i0 043 03 hkl : hk=2n, h+k+1=4dn
% %O %'%~% %'%7% %90$% 07317% %'%% or h’k=2”+l’[=4n+2
or h=8n, k=8n+4and
2% ¢ 222 U4 203 Lio 330 041 032 h+k+1=4n+2
503 304 LL0 L3003 04
16 b .32 _:”%’l %'%7% %!%1% %véa% %,%7% %v%w% l?%*% %-gﬁ':li hkl : h.k=2n+1,1=4n+2
or h,k,l =4n
16 a .3. 0.,0,0 1,0,3 0,3,1 1,1,0 S 3,3,2 133 i3 hkl : h,k=2n, h+k+1=4n
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$326.03 from $220.01

Buy new $326.03
In Stock. List Price: $416:75
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11 New from $326.03
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data 170158CSD

_database code ICSIY0158
_audit_creation_dat200604-01
_chemical_name_systemafigiyttrium aluminiumoxide'
_chemical_formula_structural'3 Al5 012’
_chemical_formula_sul5 012 Y3'
_chemical_name_structure_ty@arnetAl2Ca3Si3012
_chemical_name_miner&arnet

_exptl_crystal_density diffrd.56

_publ_section_title

'Structure of YAG crystals doped/substituted with erbium and ytterbium’
loop

_Citation_id

_citation_journal_full

_Citation_year

_citation_journal_volume

_citation_page_first

_Citation_page_last

_citation_journal_id_ASTM

primary 'Inorganic Chemistry' 2004 43 7656 7664 INOCAJ
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loop

_publ_author_name

'Dobrzycki L.'

'Bulska E.'

'‘Pawlak, D.A'

'Frukacz Z.'

""Wozni ak, K. 0
_cell_length_&l2.0003(14)
_cell_length_K12.0003(14)
_cell_length_c12.0003(14)
_cell_angle alph&0.

_cell_angle betQ0.
_cell_angle_gamma8o.

_cell volumel728.13
_cell_formula_units A8
_symmetry space_group _nameMla-3d'
_symmetry _Int_Tables _numb280
_refine_Is R factor_al).0604
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loop

_atom_type symbol
_atom_type_oxidation_number

Y3+ 3

Al3+ 3

02 -2

loop__

_atom_site_label
_atom_site_type_symbol
_atom_site_symmetry_multiplicity
_atom_site_Wyckoff symbol
_atom_site_fract_x

_atom_site fract_ y

_atom_site fract_z

_atom_site_B _iso_or_equiv
_atom_site_occupancy
_atom_site_attached hydrogens
Y1Y3+24¢0.1250. 0.250.00514(11) 10
Al1 Al3+ 16 a 0. 0. 0. 0.0042(2) 10

Al2 Al3+ 24 d 0.375 0. 0.25 0.0023(3) 1 0
01 02 96 h 0.28029(14) 0.10124(14) 0.19936(15) 0.0048(3) 1 0 29
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eorefical structures Cell Parameters
D Cell Volume Tolerance +- %
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Symmetry
Advanced search & retrieve Space Group Space Group
Symbol Mumber

@, Bibliography
@ Cell Crystal System - Centering -
@ Chemistry Exp. Info. & Ref. Data
Symmetry Mew Data Only
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Code
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CQuery Management
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Perovskite, ABX, Garnet,

Acta Crystallographica Section C
STRUCTURAL CHEMISTRY
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[ =

WR+R) 4(R R
2R+ R))

# IUCr Journals | Wiley

1.6
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w124
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Tolerance Factor ()

23R+ R)
2R, + R)

e = o Oxide 4 Sulfide
] v Selenide © Other spinels
1.5 1 .
] @  Non-Spinel Structure
1.4 - * Exceptions
1.3 H o
11,224' " o ®
. . .
1.1 Oy
o
%
1.0 4 B
| % " § A
w0 oV
0.9 Qe *ad # 2,
o) A al
oyl o pa®iad
0.8 - @° lr =
| o A v
0.7 T T T T
0812130 1612210 3412390 5229240
Spinel 1D.

Cryst. Growth Des., 20(3), 2014, ( 2020)

Tolerance Factor

bt
o0

0.7

201508080
392208080

Inorg . Chem.

484108080
574008080

604008080
T 622208080

.‘
o
>
—

- 3(R*+R)
7R+ R,)

Non Pyrochlore
Normal/Minor-Disorder
High-Disorder
Reverse-Order

632208080
642208080
Pyrochlore ID
652208080
672208080
702208080
712208080
804108080
954008080

. 7(7), 1583, ( 2020)
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PHYSICAL CHEMISTRY

& Cite This: J. Phys. Chem. C 2020, 124, 870-873 pubs.acs.org/JPCC

Structural Indicator to Characterize the Crystal-Field Splitting of
Ce®* in Garnets

Zhen Song™ and Quanlin Liu™

Beijing Key Laboratory for New Energy Materials and Technologies, School of Materials Science and Engineering, University of
Science and Technology Beijing, Beijing 100083, China

ABSTRACT: The structure—property relationship is a hot research topic in
both chemistry and material science. A structural descriptor has significant
applications in machine learning and high-throughput screening for rapid
estimations of material properties. In this work, we report a simple structural
indicator to characterize the crystal-field splitting of Ce®" ions in the garnet _.
structure. The indicator is the interplanar distance of the octahedron, which is | |
calculated as 2/ \/3 I x+y+zl|-L, where L stands for the cell parameter and
(%, y, ) are the oxygen coordinates in a specific form. The indicator value is
correlated to the crystal-field splitting of Ce™ in the lanthanide aluminum/gallium garnets and is able to reproduce the reverse
garnet effect. By inspecting the polyhedral competition effect in the garnet structure, this indicator is found to be correlated to
the tetragonal distortion of the dodecahedron, which determines the crystal-field splitting.

la3d (A%)  {B*} [C* Qp Al 1" LusAl.O;, (LUAG), Y;AI:O12
D, S S ! (YAG), Gd;Al:012 GdAG)

r 24c 16a 24d  96h

r 8 6 4 Ga | LugGaO0,,(LuGG), Y;Ga012
9 le ¢ ° o 0 (YGG), Gd,Ga012 GdGG)
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Loginld: Note: Restrictions apply to Experimental Cell
Password: Space Group
Symbol
Login Personalized e.g. Fm-3m
Include All
Lost Personalize Settings
password? account ___- ------——--_~
,’Space Group 230 ~\’
Content Selection (2] S Number e g 10r3-120 ’,/

« Experim. inorganic structures
Expernm. metal-organic str.

Thearetical structures

Navigation

Q, Basic search & retrieve

Advanced search & retrieve
@, Bibliography

@ Cell

@, Chemistry

‘—-—_-

(&1 Symmetry )

~——_—

@, Crystal Chemistry

s
-~
--—--———————_—

Crystal System v
Crystal Class

Laue Class hd
Wyckoff

Sequence

Pearson Symbol

Polar Axis v

Clear Symmetry Search

Centering

Crystal Class - or Schoenflies-Notation
Notation

Inversion Center A

— .y
"— ——

N
( [ Count Symmetry Search ] 1
~ 7

~ —’
~~--————_—

Vel
~

Run Query Clear Query

Search Summary
Bibliography: -
Cell: -
SCaeteye
s_ym_mftry s __1258)
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Structure Types: -
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Experimental Info: -

DB Info: -

Expert: -
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Query History

Number of queries: 0
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GICSD

Login
Loginld:
Password:
Login Personalized
Lost Personalize
password? account

Content Selection

+ Experim. inorganic structures
Experim. metal-organic str.

Theoretical structures

Navigation

Q Basic search & retrieve

Advanced search & retrieve
@ Bibliography

@ Cell

@ Chemistry

@ Symmetry

@ Crystal Chemistry

@ Structure Type

@, Experimental Information
@ DB Info

@ Expert Search

Welcome to ICSD Web. IP authenticated (1.202.142.34). Univ Science and Technology Beijing

Structure Type Search

Pre Defined Structure Types

Structure Type
——_——————__--~\ e.g. Mg25i04
< -~ Search in predefined structure lypgsl
Structare NpeDEHEE —
Sructur MerDRrlPRIE
€ la3d )
----—————_—’
SpaceGrp Wyck Pearson ANX
la-3d da cl112 A11B21C23X96
dca cl120 A11B22C23X96
gd cl151 A12B19X48
gfa cl152 A12B20X45
hc cl154 A13B16C24X96
hca cl155 A13B19X48
hdc cl156 A13B22C23X96
hdca cl157 A13B48X96
-y
/’[1 of 7) \\ {10f12) {1 of 17)
. <a 1 . < . <a
‘\ - - ,’ - - - -l
=

Clear Structure Search Count Structure Search

FIZ Karlsruhe | Contact
Change Password | Close session

@ Search Action

Run Query

Search Summary
Bibliography:
Cell:
Chemistry:
Symmetry:
Crystal Chemistry:
Structure Types
Experimental Info:
DB Info:
Expert:

Combined Results:

Query History
Number of queries:

Clear Query Hi

Clear Query

10568

(=]
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(: ICSD
Login

Loginid:

Passward:

Welcome to ICSD Web. IP authenticated (1.202.142.34). Univ Science and Technology Beijing

Structure Type Search

Pre Defined Structure Types
Structure Type

e.g. Mg2Si04
Luslhpno Search in predefined structure types
bgglswor - zs‘;zﬂg?lize Structure Type Descriptors
la-3d

Content Selection Q -~ - — ~
+ Experim. inorganic structures /v SpateGrp Wyck | Pearson | ANX

Experim. metal-organic str. i\ la-3d da cl151 A11B21C23X96

Theaoretical structures \~__’, dca 152 AMB22CIIX96
Navigation gd cl154 A12B19X48
Q, Basic search & retrieve gfa cl155 A12B20X45
Advanced search & retrieve ne cise ATIBIEC24X96
@ Bibliography ‘h_ci_.~ cl157 A13B19X48
@ Cell ,/’ hdc S cl158 A13B22C23X96
@ Chemistry l\ _ cl159 A14B22C23X96
o o
@, Crystal Chemistry e > e e
@, Structure Type ,‘——-_---~~\\
@ Experimental Information Clear Structure Search ( [ Count Structure Search ]

~ -

@, DB Info

~..——---——’

FIZ Karlsruhe | Contact
Change Password | Close session

Se (.|
(2] l;ﬂ“ w\‘
\ RunQueryl

S
Search Summary

Clear Query

Bibliography: -
Cell: -
Chemistry: -
Symmetry: 1058
o S RGOS e
\
-~ Structure Types: 730_ o
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ExperiTnﬁtgrlﬁfo: == -

DB Info: -
¢ _Combined Results: 730
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Query History
Number of queries 0
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GICSD

Results: List View

Q Back to Query

DD Coll. Code «

6110

6113

9232

9233

9234

9235

9236

9237

9238

9923

@, Show Detailed View

HMS &

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

Welcome to ICSD Web. IP authenticated (1.202.142.34). Univ Science and Technology Beijing

Struct. Form. <
Na3 Sc2 (V3 012
Na.9 Ca2.05 Co2
Eu3 Fed 012
Th3 Feb 012

Y3 In42 Fed 58 C
Y3 Sc1.05 Fe3.95
Sm3 Gas 012
Gd3 Gas 012
Er3 Gas 012

Na3 Li3 (Al F6)2

B Export Data

Struct. Type &

Gamet#Ca3Al2Si
Gamet#Ca3Al2si
GameCa3AlZSi
Gamet#Ca3Al2Si
Garmet#Ca3Al2sii
GameCa3AlZSi
Gamet#Ca3Al2Si
Gamet#Ca3Al2si
GameCa3AlZsi
Gamet#Ca3Al2Si

(10f73)

= Print A

Reference <

Kristallografiya (14
Kristallografiya (14
lzvestiya Akademi
lzvestiya Akademi
lzvestiya Akademi
lzvestiya Akademi
lzvestiya Akademi
lzvestiya Akademi
lzvestiya Akademi

American Mineral

Compare Structures

Cell Parameter
12.602(4) 12.602(
12.430(3) 12.430(
12.497(4) 12.497(
12.435(4) 12.435(
12.424(4) 12 424(
12.462(4) 12.462(
12.433(4) 12.433(
12.377(4) 12.377(
12.254(4) 12.254(

12.122(2) 12.122(

# Compare Powder Pattern

Standardised Ce. Temperature <

12.6020 12.6020

12.4300 12.4300 -

12.4970 12,4970

12.4350 12.4350

12,4240 12.4240

12.4620 12.4620°

12.4330 12.4330

12.377012.3770 "

12.254012.2540

121220121220

« « (122456 78 9 10 » o WY
\

23S
U4

293.00
293.00
293.00
293.00
293.00
293.00
293.00
293.00

293.00

S
A
1
/

Pressure ¢

0.101325

0.101325

0.101325

0.101325

0.101325

0.101325

0.101325

0.101325

0.101325

0.101325

FIZ Karlsruhe | Contact
Change Password | Close session

#ofHits: 730 @

M Column Selection

Fublication Year & .

1974

1974

1973

1973

1973

1973

1973

1973

1973

1971

J3 AP H &

ke |k [k (ke (B ke (ke e

T Filter
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23850

23851

23852

23853

23854

23855

23856

23857

24940

24941

24942

24943

24944

24945

24946

26797

26798

27362

27364

27365

27366

27367

27368

27369

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

la-3d

A5 Y3012 Gamet#
Al5 Gd3 012 Gamet#
Ga5 Lu3 012 Gamet#
Ga5 Yb3 012 Gamnet#
Gas Y3 012 Gamet#
Fe5 Lu3 012 Garmnet#
Fe5 Yb3 012 Gamet#
Feb ¥3 012 Garmnet#
Fe5 Dy3 012 Gamet#
Fe5 Sm3 012 Gamnet#

Mg3 Al2 (Si 04)3
Mg3 A2 (Si 04)3
Mg3 Al2 (Si 04)3
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’ X % (No structure data set for this document.)

i (No structure data available for this document) | Data chaat X
New Structure X

Welcome to the New Structure
Assistant

This assistant will help you to create the first or another
structure parameter set for the current document. You will
have the opportunity to enter space-group and cell
parameters (for a crystal structure) as well as atomic
parameters or to modify parameters from a pre-defined
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“molecular structure” with atoms only.
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i i Hermannauguin Symbok  Fm-3m
il HallSymbol £ 423
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-Fm-3c (226 Centrosymmetric: S
ghrm c (228) Centering Allface-centered (F)
O 2 Symmetry Matrices:
- v (1) %9.2
” YR 2
(| JSortalphabeticaly \ ) w2 v
V4
] -~ - -
xX
< F—25(8) | FT—=5(N) > s v

IABRA - OBARLES Ol B8R CLHS SO -FIB- I ME [y $0bHI22D% WAy 2.

For Help, press F1

57



= e e 3. - a —n— Sy - A —

W Diamond - [Diamond1]
i File Edit View Structure Picture Build Objects Move Tools Window Help
N FHB I D@9 -0 YE - HBRIEIA|E -- Jawd - S5

X % (No structure data set for this document.)

i (No structure data available for this document)

J@a0-aA&=H| sk -,

b5 | Nata chaat x

New Structure

Cell parameters and space group
The new structure may be a crystal structure (with cell and space group) or just a

*molecular structure” with atoms only.
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atom coordinates), or a "molecular structure” (just atoms in orthogonal coordinates).
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New Structure

Cell parameters and space group
The new structure may be a crystal structure (with cell and space group) or just a
“molecular structure" with atoms only.

Choose if the new structure is a crystal structure (translational symmetry and fractional
atom coordinates), or a "molecular structure” (just atoms in orthogonal coordinates).
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New Structure

Atomic parameters
The atomic parameters use fractional coordinates for a crystal structure but
orthogonal coordinates (in Angstroem units) for a *molecular structure®.

Here you can define element (with oxidation number) as well as x, y, and z for every atom.
For mixed or defect sites, standard uncertainties, and displacement parameters, use the

Atom;c P_al;gmgtﬂs_d;alog (*Structure® menu) instead.
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Atoms in the asymmetric unit:
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Atomic parameters
The atomic parameters use fractional coordinates for a crystal structure but
orthogonal coordinates (in Angstroem units) for a "malecular structure”.
Here you can define element (with oxidation number) as well as %, y, and z for every atom.
For mixed or defect sites, standard uncertainties, and displacement parameters, use the
"Atomic Parameters” dialog ("Structure” menu) instead.
D
S
Atom: | KEER ‘ xfa:| 0 ‘ y{b:‘ 0 | z/c| 0 | I add \
\\ /l
Atoms in the asymmetric unit: S
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|
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Atomic parameters
The atomic parameters use fractional coordinates for a crystal structure but
orthogonal coordinates (in Angstroem units) for a "molecular structure”.

Here you can define element (with oxidation number) as well as x, y, and z for every atom.
For mixed or defect sites, standard uncertainties, and displacement parameters, use the
"Atomic Parameters" dialog ("Structure” menu) instead.
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Atoms in the asymmetric unit:
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Picture creation
A picture can be created for the new structure dataset automatically or by
scheme, with the help of an assistant, or simply left blank.

The structure parameter set "NaCl” has been created successfully.

Activate the "Start structure picture” check box to create your first picture for this new
parameter set. This picture will be blank unless you set one of the options "Launch ...
Assistant”, "Create ... automatically” etc, under "Create picture”.

[ Start structure picture

Create picture: | Create a blank picture v
Building w
T

Les gn

[] Save picture start settings as default (cf. "Tools/Options/Picture Start”)
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1 New Structure X |

Completing the New Structure
Assistant

The structure parameter set "NaCl" has been created
successfully.

The first picture will start blank. Use appropriate functions
from "Build" and other menus to build up your structure
picture manually. Or use "Auto Picture Creator” or other
commands from "Picture” menu for assistance.

If you do not create a picture now or want to add another
one later, choose the "Start Picture” or "New Picture”, rsp.,
command in the "Picture” menu.

[[]Do not show this completion page next time
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