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POLARIZATION OF DIELECTRIC

Vacuum Dielectric
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BRFAAIDA A VDIBER(1024 cm3)
Li+! Be+2 B+3 C+4 O—Z F—l Ne
0.029 0.008 0.003 0.0013 3.88 1.04 0.390
Na*! Mg+*? Al+3 Sit S-2 Clt Ar
0.179 0.094 0.052 0.0165 10.2 3.66 1.62
K+t Ca*? Sc*? Ti+* Se~? Br! Kr
0.83 0.47 0.286 0.189 10.5 4.77 2.46

Rb* Sr+? Y+ Zr+t Te? I Xe )
1.40 0.86 0.55 0.37 14.0 7.10 3.99

Cs+l Ba+2 La+3
2.42 1.55 1.04

Paulng’s values
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The orientation is induced
by electric field.
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ORIGINS OF POLARIZATION
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The total polarizability of the dielectric:
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RELAXATION TYPE DISPERSION

DIELECTRIC DISPERSION
~ DIELECTRIC SPECTROSCOPY ~
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Space Charge Polarization

Dipolar Polarization
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RELAXATION TYPE DISPERSION

Single relaxation system
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Debye relaxation equations
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The energy barrier for the relaxation type
dielectric dispersion.
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Relaxation spectra of relative dielectric constant, conductivity, and
loss factor for a simple relaxation process with a single relaxation.
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RESONANCE TYPE DISPERSION

Resonance effects:

the rotations or vibrations of atoms, 1ons, or electrons.
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RESONANCE TYPE DISPERSION

Resonance frequency
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| Antiresonance frequenc;‘
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Frequency response near resonance of a dielectrics.

ferroelectricityE paraelectricity
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cubic hexagonal orthorhombic triclinic
tetragonal rhombohedral monoclinic

(trigonal)
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THE 7 CRYSTAL SYSTEMS

Cubic
Tetragonal
Hexagonal
Rhombohedral
Orthorhombic
Monoclinc

Triclinic

a=B=r=90°
a=[B=r=90°
a=B=90";r=120°
a=B=r#90°
a=B=r=90°

a=7r=90°, B+#90°

a#90°, B#90°, ¥ +#90°

a=b=c
a=b+#c
a=b; ¢
a=b=c
a<b<c

c<a,b

c<a<b ‘
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ROTATION SYMMETRY ERE < & B SRS
360° 180° 120°
C1 Ce Cs
90° 60°
% Symbol: C_
n=1,2,3,4,6
Ca Ce

Rotation by 360°/n or 2m/n about a rotation axis

SYMMETRY OPERATIONS

oRotation e[ i (5 %H
oReflection SN &)
oInversion SR

oRotatory inversion [0}

oRotatory reflection [B[HE

X PR (BERR & SCHR)

REFLECTION AND INVERSION SYMMETRY
Bk m (or o) [Ex: i (or )

m 1

& o

Reflection plane m Inverse center i
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ROTATORY INVERSION SYMMETRY
EMEHICE 32 4BE0BREE (O,
® [oig &5

LP Rotation Inversion
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SYMMETRY ELEMENT IN CRYSTALLOGRAPHY
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There are the 13 symmetry elements in crystals.
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ROTATORY REFLECTION SYMMETRY
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HERMANN-MAUGUIN NOTATION
~ INTERNATIONAL SYMBOL ~

Schoenflies Symbols

o Rotation axis Cl’ CZ’ C3, C4, CG
o Rotation Inversion axis

6

o Rotation Reflection axis

4/m, 6/m

o Reflection plane

o Inver<ion center

International Symbols

1,2,3,4,6

C?’, C4, CG 3,

S., S, Sg 3

m m ‘

m,
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POINT GROUPS

Schonflies Hermann
Notation -Maugum
Oy, m3m
0) 432

Cubic T, 43m
Ty, m3
T 23

O (octahedron) :

The group has the symmetry of an octahedron (or cube), with (O,) or
without (O) improper operations (those that change handedness).

T (tetrahedron)

The group has the symmetry of a tetrahedron. T, includes imprope‘
operations, T excludes improper operations, and T}, is T with the

addition of an inversion.

i e AR (i )

POINT GROUPS

Schonflies Hermann
Notation  -Maugum
Dy, 6/mmm
Dy 622
Dy, 6m2

Hexagonal Cg, 6mm
Cen 6/m
Car 5
Ce 6

Subscripts (h, v, d, 1)

h: Horizontal reflection
plane - passing through
the origin and
perpendicular to the axis
with the ‘highest’
symmetry.

v: Vertical reflection
plane - passing through
the origin and the axis
with the ‘highest’
symmetry.

d: Diagonal or dihedral
reflection in a plane
through the origin and
the axis with the ‘highest’
symmetry, but also
bisecting the angle
between the twofold axes
perpendicular to the
symmetry axis.

1: Inverse

i e AR (A )

POINT GROUPS

Schonflies Hermann
Notation -Maugum
D, 4/mmm
D, 422
Dy 42m

Tetragonal C,, 4mm
Cu 4/m
S, 7}
C, 4

S, (Spiegel):
The group that contains only an
n-fold rotation-reflection axis.

i e AR (i )

POINT GROUPS
Schonflies Hermann
Notation -Maugum
Dy, 3m
D3 32
Rhombohedral C3V 3m
Cs; 3
C, 3
Dy, mmm
Orthorhombic D2 222
D,, mm?2

D, (dihedral):

The group has an n-fold
rotation axis plus a
twofold axis perpendicular
to that axis. D, has, in
addition, a mirror plane
perpendicular to the n-fold
axis. D, has, in addition
to the elements of D,
mirror planes parallel to
the n-fold axis.

C,, (cyclic):

The group has an n-fold
rotation axis. C, is C,
with the addition of a
mirror (reflection) plane
perpendicular to the axis
of rotation. Cnv is C,
the addition of a mir
plane parallel to the axis
of rotation.
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POINT GROUPS
Schonflies Hermann
Notation -Maugum
CZh 2/ m
Monoclinic Cq m
C, 2
Triclinic C; 1
C, 1

There are the 32 point group types.

Compound symmetry: screw axis an!;lide plane symmetry operations ‘
v

The 230 unique space groups describing all possible crystal symmetries
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POINT GROUPS OF CUBIC SYSTEM

Schonflies Hermann

Notation -Maugum

Oy, m3m

O 432
Cubic T, 43m

Ty, m3

T 23

// ’ // // /| 7
R R R /
s s s
s s s s
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[ | | [ | | [ | |
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m3m 432 43m m3 23
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PIEZOELECTRICITY AND CENTER OF SYMMETRY

EEM% (Piezoelectricity) :[£A () ZNZx2&. EAICL
BILI=DtR (REEME) IBENDIBER
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PYOELECTRICITY AND SPONTANEOUS POLARIZATION

£EM - BEIBIRE (KT

cos o
5 ® EBNSB ® AT APi:pi AT
: Ps i~ LR
e e e 6 ¢ pyroelectric coefficient
aSparyes b

EBHERRT BRI, BUBTLICEFEE L,
SRAEYE B O
¥

fose(CcH (T2 BFEDNMBORIR(CH ?

*@‘rﬁj\\‘? ]\/I/ &iﬁ%ﬁ‘@’f/ﬁ (POLAR VECTOR AND SYMMETRY OPERATION)
~ PYROELECTRICITY AND SPONTANEOUS
POLARIZATION ~

2-fold symmetry C2: (x,y, z) = (-X, -y, )

4 N

P17 [10 o][p,] [P
l=lo 1 o||p, |=|-P,
‘EEEE;> r,| oo 1]|lp,| |P,

C von Neumann's theorem : P’:= P
N 2/ TTMRIE(C & B EEIELH 7YV ILRARE

P,=P,=0,P,#0
Component of polar vector; (0, 0, z)
= Occurrence of Spontaneous polarization

T A%
POLAR VECTOR
RS S

(TAHILNEZR) ERROBEZEFRNSEFRIC,
HUKBEFRDOSEFRICEBRLTEQEZRZR)
T U
N, RE, [UBRE. MBNICEERDHDIND MU

M.

BHEND ML v

EEROEEASFRNSEFRIC, 6L REFRNSEERIC
THALEESE, ROKMILO@AEL—RBICEDL>TUESINI ML
HDE—XV L, BREREDEHENRD ML

—fRIC. 2DDORO NLONEDBDE (K. BERZEFRICEZH
EERICIBNCE>TED B0, %%ﬁ@ﬂé?i%éh%%ﬂ%‘
(F2TEHENRD Lo

1“ @‘réj\\‘ 7 }\/ Le iﬁﬁ]‘f@%'ﬁz (POLAR VECTOR AND SYMMETRY OPERATION)
~PYROELECTRICITY AND SPONTANEOUS POLARIZATION ~

Inverse symmetryi: (x,y, z) = (-X, -y, -2)

4 Inversion ) P, -1 0 0[P, -P;
| P,1=|0 -1 0|P,|=]|-P,
P, o o -1)|lp,| |-P,

von Neumann's theorem : P= P,
TIFNRIE(C KB EEEIR TV VILEAARE

/

P,=P,=P,= 0

klnverse centeri /
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POLAR VECTOR AND SYMMETRY OPERATION

~ 10 POINT GROUPS IS POLAR ~

J=§c: (iﬂ’r\?%{’ﬁ) TREARD SLDRED
2, 2m, 3, 3m, 4 0,0, ps
4m, 6, 6m
m P, Ps 0
1 p], p2, p3
¥
B RO RD LD
ESRBOMD

;,‘l:l E]Elunﬁ (Hﬁﬁ%)

POINT GROUPS

Schonflies Hermann Inversion Polar
Notation -Maugum  Center  Vector
Oy, m3m \ 0
0) 432 - 0

Cubic T, 43m - 0
T, m3 v 0
T 23 - 0

O

H. PIEZOELECTRICITY,

PYROELECTRICITY AND FERROELECTRICITY

e
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EHBIE

ROEMICEIDREBTED

;,‘I:l E]Elunﬁ (HBE%)

POINT GROUPS

Schonflies Hermann Inversion Polar

Notation -Maugum  Center Vector

D, 4/mmm 0

D, 422 - 0

D4 42m - 0
Tetragonal C,, 4mm - (0, 0, z)

Cyp, 4/m \ 0

S, T : 0

C, 4 - (0, 0, z)
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i e AR (A )
POINT GROUPS

Schonflies Hermann Inversion Polar

Notation = -Maugum  Center  Vector

Dy 3m v 0
Rhombohedral C3V §m - (O, 0, Z)

Cs; 3 v 0

C, 3 - (0, 0, z)

Dy, mmm v 0
Orthorhombic D2 222 - 0

D, mm2 - (O, 0,.

POINT GROUPS
Schonflies Hermann Inversion Polar
Notation  -Maugum  Center  Vector
Dy, 6/mmm 0
Dy 622 - 0
Hexagonal Cg, 6mm - 0, 0, z)
Cqn 6/m 0
CG 6 - (07 07 Z)
vt = . H 4=
it e oA (i)
POINT GROUPS
Schonflies Hermann Inversion Polar
Notation = -Maugum  Center  Vector
Cop 2/m v 0
Monoclinic Cq m - (x, 0, z)
C, 2 - 0, 0, z)
Triclinic C; 1 v 0
Cl 1 - (X9 Y, Z)

There are the 32 point group types.

Compound symmetry: screw axis an&]ide plane symmetry operations
v

The 230 unique space groups describing all possible crystal symmetries

FOR YOUR ADVANCED STUDY

International Tables for Crystallography,
Volume A: Space Group Symmetry
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