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data 18189-ICSD _refine_Is R factor all 0.022
#c2004 by Fachinformationszentrum Karlsruhe, and the U.S. Secretary of  loop_

#Commerce on behalf of the United States. All rights reserved. _symmetry_equiv_pos_site_id
_database code ICSD 18189 _symmetry_equiv_pos_as_Xyz
_audit_creation_date 1980/01/01 1 'z, y, X'
_audit_update record 1999/06/02 2 Y, X, -Z'
_chemical name systematic 'Sodium Chloride' 3 'X, Z, -y’
_chemical formula structural ~ 'Na CI' 4 'z, X, -y'
_chemical formula sum 'Cll Nal' 5 Y, z, X'
_chemical name mineral Halite 6 'X, y, -2’
_publ_section_title L ORPEEE)

; 192 x+1/2, y+1/2, 2’
Accuracy of an automatic diffractometer. Measurement of the sodium

chloride structure factors loop

; _atom_type symbol

loop _atom_type oxidation number
_citation_id Cl1- -1
_citation_journal abbrev Nal+ 1

_citation_year

_citation_journal volume loop

_citation_page_first _atom_site_label

_citation_page last _atom_site type symbol
_citation_journal id ASTM _atom_site symmetry multiplicity
primary 'Acta Crystallographica (1,1948-23,1967)"' 1965 18 926 932 ACCRA9 atom_site Wyckoff symbol
loop _atom_site fract x

_publ_author name _atom_site fract y

'Abrahams, S.C.' _atom_site fract z

'Bernstein, J.L.' _atom_site_occupancy

_cell length a 5.62 _atom_site attached hydrogens
_cell_length b 5.62 _atom_site B_iso_or_equiv
_cell_length ¢ 5.62 Nal Nal+4a000 1.0 1.689(24)
_cell_angle alpha 90. Cl1 Cl1-4b0.50.50.51.01.357(17)
_cell_angle beta 90.

_cell_angle gamma 90. #End of data 18189-ICSD
_cell_volume 177.5

_cell formula_units Z 4

'

_symmetry space group name H-M 'Fm-3m
_symmetry Int Tables number 225
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表　7つの晶系と対称性の条件。


		晶系

		対称要素

		ブラベー格子の格子定数

		空間格子

		結晶点群

		ラウエ群



		

		

		必要条件

		命名の
約束

		

		対称心
なし

		対称心
あり

		



		三斜晶(triclinic)

		1回軸（対称性なし）


または
1回回反軸（反転）

		

		c<a<b


((90o

((90o

		P

		1
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		単斜晶


(monoclinic)


(第2種)


(第1種)

		2回軸または
2回回反軸

		(=(=90o


(=(=90o

		c<a, ((90o

		P, C **


P, B

		2, m

		2/m

		2/m



		斜方晶


(orthorhombic)


(直方晶とも呼ばれる)

		直交する
3つの2回軸
または2回回反軸

		(=(=(=90o

		c<a<b

		P, C (A, B)


F, I

		222, mm2

		mmm

		mmm



		正方晶


(tetragonal)

		4回軸または
4回回反軸

		a=b


(=(=(=90o

		

		P, I

		4, 422, 
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		4/m, 4/mmm
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		六方晶


(hexagonal)

		6回軸または
6回回反軸

		a=b


(=(=90o

(=120o

		

		P

		6, 622, 
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3回回反軸
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		立方晶(cubic)

		立方体体対角方向の
4つの3回軸
または3回回反軸

		a=b=c


(=(=(=90o

		

		P, F, I

		23, 432, 
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K. Momma and F. Izumi, J. Appl. Crystallogr. 41, 653 (2008)
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Space-filling view
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m= an/N —nN /N,
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GAADER n=+4
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& RF{fF1 (Bond valence sum)

R—)2 T OEZEA: wE R
m=Zni/NXi =nN,, /N,

oA A4 DE SIS Z L

B: #E&AA W TRES)TER 0.37

BV = 0~
Z CXp B r&%ﬁé’f’fﬂ')ﬁ'@&féﬁﬁ
A E

ro G BYDIEIX chH# R, RETRIRE, MEAXIRBITORER, (H433, EE/E
R.E. Brese, M.O’Keeffe, Acta Crystallogr., Sect. B, 47, 192 (1991)
[.D.Brown: http://homepage.mac.com/fujioizumi/rietan/book/book.html#BVP

j BV: $& & R F{li 0

LaCuOSe®fH:
La: 4xLa-O (0.54) + 4xLa-Se (0.20) = 2.97 O: 4x0-La (0.54) =2.16
Cu: 4xCu-Se (0.34) =1.36  Se: 4xSe-La (0.20) + 4xSe-Cu (0.34) = 2.18




BVSDEEAE

1. ZERFRD /85 A—4% vbparam2009.cif HhioFHAES,
loop
_valence_param_atom 1

_valence param_atom 1 valence
_valence param_details

Ac3 O -2 224 037 b 2
Enn.[BF1 BEF10MME FEF2 FEF20MEE 0 B SE XM
SEXRIL cif I7AMILDRIDAIZEEEE—FBIZEFLEHLTHEY ., LRROBITICITFDEEEIN RSN TLNET,

2. La-OMD 5l

La3 O -2 2172 037 a ?

La3 O -2 2172 033 ac?

La3 O -2 2.148 0.37 ae 'from transition metal complexes'

& 3EEHY. AHERRIETELGYEY,
6B BICSEXHEDES (a, ac, ac) HAHAHD T, RALHERTHEIT DGR LTI RKRALXEADEEZENET,

3. ftEX

BV =}, exp (%)



fa e Rl ofl

Mg : 6xMg-O (0.33) = 1.96
O :6x0O-Mg (0.33) = 1.96

Fe;0,:
Fe(l) : 4xFe-0O (0.85) =3.40
Fe(Il): 6xFe-O (0.41) =2.45
O: 1x0O-Fe(I) (0.85) + 3xO-Fe(II) (0.41) =2.08

Mgln,O,:

Mg :6xMg-0 (0.34) =2.03

In(I) : 4xIn(I)-O (0.51) =2.05

In(II): 6xIn(II)-O (0.60) = 3.60

O: 1x0O-Mg (0.34) + 3xO-In(I) (0.51) + 3xO-In(II) (0.60) = 3.32
SrFe,As,:

Sr: 8xSr-As (0.23) =1.96

Fe: 4xFe-As (0.94) = 3.76 (£: B, r\/FFe’t - As> DAE)

As: 4xAs-Sr (0.26) + 4xAs-Fe (0.94) =4.73
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Why perovskite-type crystals exhibit high g?

For ideal cubic perovskite structure:
Each ion makes just contact with neighbor ions
if their ion radii satisfy

a= \/E(FA +7,)= 2(rB +7,)

v+ 7,
N2(r, +7,)
For t apart from 1.0, the cubic structure
would be distorted:

=1.0 Tolerance factor

t Lattice Explanation Example
>1 Hexagonal Largﬁ A BaNiO,
Structural instability Small 7
by the sub-lattice structure 0.9-1 Cubic Ideal contact SITiO;,
Case 1: BaTiO;
Unit cell 1s stabilized by B-O GdFeO,
A ion is loosely embedded 0.71 - 0.9 Orthorhombic Small r, in (Orth.)
: | " Rhombohedral B ion interstitial CaTiO
Case 2: Orth 3
Unit cell is stabilized by A-O | (Orth.)
B ion is loosely embedded <0.71 Different Samll r,, 7y, FeTiO, (Tri.)

structures



Ferroelectrics

Kittel, Introduction to Solid State Physics, 8™ ed (2005) p. 467
Temperature dependences for PbTiO;,
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L L]
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€ diverges and discontinuously changes
at the transition temperature
(Curie temperature) 7, like A:
A transition
Feature of first order phase transition

6000

Dielectric constant €

4000

2000

T>T. T < T, stabilizes
Cubic structure ions displaced and
No spontaneous lattice distorted
polarization = => Spontaneous polarization

dP/T (pC em—2 K-1)

0.0 | | | | |

40 -

cp (arbitrary units)




Ferroelectrics: BaTiO,

Kittel, Introduction to Solid State Physics, 8" ed (2005) p. 471
EHFX E. B (FEE/E 1969)
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Sequential phase transition of BaTiO,

Kittel, Introduction to Solid State Physics, 8" ed (2005) p. 471
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Sequential phase transition of Ba'T

Kittel, Introduction to Solid State Physics, 8" ed (2005) p. 471
=EHFIX HiE. EAEMR (FEEE, 1969)
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Two types of ferroelectricity
WA ERYEAFT

Displacement type ferroelectric

Small displacement of ions form P,
(lons are bound by recovery force to the high-symmetric position)

Perovskite type crystals
BaTiO;, Pb(Zr,Ti)O,

Order-disorder type ferroelectric

Tons find different stable positions in high-symmetry structure,
hop to another site in a long distance j

NaNO, : NO, group ::—:-Xc.—- 4 e —Na
KDP (KH,PO,): H* 2 L % <_N0
e (e .
T RN &
oK
}L- o— P
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