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23. Dielectrics and Electrooptics

Gagik G. Gurzadyan, Pancho Tzankov

The present chapter describes the physical proper-
ties of dielectrics and includes the following data:

1. Low-frequency properties, i. e., density and
Mohs hardness, thermal conductivity, static di-
electric constant, dissipation factor (loss tan-
gent), elastic stiffness and elastic compliance,
and piezoelectric strain

2. High-frequency (optical) properties, i. e., elas-
tooptic and electrooptic coefficients, optical
transparency range, two-photonabsorption co-
efficient, refractive indices and their tem-
perature variation, dispersion relations (Sell-
meier equations), and second and/or third-
order nonlinear dielectric susceptibilities.
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A large amount of the information in this chapter is
taken from the compilations of low- and high-frequency
properties of dielectric crystals in Landolt–Börnstein,
Group III, Vols. 29 and 30, especially Vol. 30b. Since
1992–1993, the date of publication of the first of these
volumes, a large amount of new data on the physical
properties of dielectrics has appeared in the literature.
In particular, various linear and nonlinear optical prop-
erties of new crystals in the borate family have been
(re)measured. Among these are: beta barium borate
(BBO), lithium triborate (LBO), cesium borate (CBO),
cesium lithium borate (CLBO) and new organic crystals
such as deuterated L-arginine phosphate (DLAP) and
2-methyl-4-nitro-N-methylaniline (MNMA). This situ-
ation has encouraged us to refresh the knowledge about
these crystals by adding new data from publications
from the last decade. We have also included the most
commonly used isotropic materials. The criteria for the
selection of 124 dielectrics out of several hundred were
their wide range of application and the availability of
most of the above-mentioned data.

One of our aims was to produce a reader-friendly
compilation. For this purpose, all data on dielectrics
are presented in a unified form in tables that are simi-
lar for both isotropic materials and crystals of various
symmetry classes. Moreover, all data for each par-
ticular material are collected together in one place.
Sections 23.1–23.2 serve as a brief introduction to
the various physical phenomena and to the definitions,
symbols, and abbreviations used. All numerical data are
presented in Sect. 23.4. The tables in this chapter are
arranged according to piezoelectric classes in order of
decreasing symmetry. Guidelines for searching for (and
finding!) the required parameter in these tables can be
found in Sect. 23.3.

The following Table 23.1 presents a list of the 124
different substances which have been selected to be de-
scribed in Sect. 23.4.

The physical quantities used to describe the prop-
erties of the dielectric substances are drawn up in
Table 23.2.
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Table 23.1 Alphabetical list of described crystals and isotropic dielectrics

Name of material Formula Symbol
˛-Aluminium oxide (sapphire) Al2O3

Aluminium phosphate (berlinite) AlPO4

Ammonium dideuterium phosphate ND4D2PO4 AD�P or DADP
Ammonium dihydrogen arsenate NH4H2AsO4 ADA
Ammonium dihydrogen phosphate NH4H2PO4 ADP
Ammonium sulfate .NH4/2SO4

ˇ-Barium borate BaB2O4 BBO
Barium fluoride BaF2
Barium formate Ba.COOH/2

Barium magnesium fluoride BaMgF4 BMF
Barium nitrite monohydrate Ba.NO2/2 	H2O
Barium sodium niobate (banana) Ba2NaNb5O15

Barium titanate BaTiO3

Beryllium oxide (bromellite) BeO
Bismuth germanium oxide Bi12GeO20 BGO
Bismuth silicon oxide (sillenite) Bi12SiO20 BSO
Bismuth triborate BiB3O6 BIBO
BK7 Schott glass BK7
Cadmium germanium arsenide CdGeAs2
Cadmium germanium phosphide CdGeP2
Cadmium selenide CdSe
Cadmium sulfide (greenockite) CdS
Cadmium telluride (Irtran-6) CdTe
Calcite (calcspar, Iceland spar) CaCO3

Calcium fluoride (fluorite, fluorspar, Irtran-3) CaF2
Calcium tartrate tetrahydrate Ca.C4H4O6/ 	 4H2O L-CTT
Cesium dideuterium arsenate CsD2AsO4 CD�A or DCDA
Cesium dihydrogen arsenate CsH2AsO4 CsDA or CDA
Cesium lithium borate CsLiB6O10 CLBO
Cesium triborate CsB3O5 CBO
m-Chloronitrobenzene ClC6H4NO2 CNB
Copper bromide CuBr
Copper chloride (nantokite) CuCl
Copper gallium selenide CuGaSe2
Copper gallium sulfide CuGaS2
Copper iodide CuI
2-Cyclooctylamino-5-nitropyridine C13H19N3O2 COANP
Deuterated L-arginine phosphate .NDxH2�x/

C

2 .CND/.CH2/3CH DLAP
.NDyH3�y/

CCOO� 	D2PO�

4 	D2O
Diamond C
4-(N,N-Dimethylamino)-3-acetamido-nitrobenzene
(N-[2-(dimethylamino)-5-nitrophenyl]-acetamide)

C10H13N3O3 DAN

N,N-Dimethyl-4-nitroaniline C8H10N2O2 MNMA
Dipotassium tartrate hemihydrate K2C4H4O6 	 0:5H2O DKT
Gadolinium molybdate Gd2.MoO4/3 GMO
Gallium antimonide GaSb
Gallium arsenide GaAs
Gallium nitride GaN
Gallium phosphide GaP
Gallium selenide GaSe
Gallium sulfide GaS
Germanium Ge
Indium antimonide InSb
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Table 23.1 (continued)

Name of material Formula Symbol
Indium arsenide InAs
Indium phosphide InP
˛-Iodic acid HIO3

Lead molybdate PbMoO4

Lead titanate PbTiO3

Lithium fluoride LiF
Lithium formate monohydrate LiCOOH 	H2O LFM
Lithium gallium oxide (lithium metagallate) LiGaO2

˛-Lithium iodate LiIO3

Lithium niobate LiNbO3

Lithium niobate (MgO-doped) MgO:LiNbO3

Lithium sulfate monohydrate Li2SO4 	H2O
Lithium tantalate LiTaO3

Lithium tetraborate Li2B4O7

Lithium triborate LiB3O5 LBO
Magnesium fluoride MgF2
Magnesium oxide MgO
Magnesium silicate (forsterite) Mg2SiO4

˛-Mercury sulfide (cinnabar) HgS
3-Methyl-4-nitropyridine-1-oxide C6N2O3H6 POM
m-Nitroaniline
(3-nitrobenzenamine, meta-nitroaniline)

C6H4.NO2/NH2 mNA

Poly(methyl methacrylate) (Plexiglas®) .C5H8O2/n PMMA
Potassium acid phthalate KH.C8H4O4/

Potassium bromide KBr
Potassium chloride (sylvine, sylvite) KCl
Potassium dideuterium arsenate KD2AsO4 KD�A or DKDA
Potassium dideuterium phosphate KD2PO4 KD�P or DKDP
Potassium dihydrogen arsenate KH2AsO4 KDA
Potassium dihydrogen phosphate KH2PO4 KDP
Potassium fluoroboratoberyllate KBe2BO3F2 KBBF
Potassium iodide KI
Potassium lithium niobate K3Li2Nb5O15 KLINBO
Potassium niobate KNbO3

Potassium pentaborate tetrahydrate KB5O8 	 4H2O KB5
Potassium sodium tartrate tetrahydrate (Rochelle salt) KNa.C4H4O6/ 	 4H2O
Potassium titanate (titanyl) phosphate KTiOPO4 KTP
Potassium titanyl arsenate KTiOAsO4 KTA
Rubidium dideuterium arsenate RbD2AsO4 RbD�A, RD�A, or DRDA
Rubidium dideuterium phosphate RbD2PO4 RbD�P, RD�P, or DRDP
Rubidium dihydrogen arsenate RbH2AsO4 RbDA or RDA
Rubidium dihydrogen phosphate RbH2PO4 RbDP or RDP
Rubidium titanate (titanyl) phosphate RbTiOPO4 RTP
D(+)-Saccharose (sucrose) C12H22O11

Silicon Si
˛-Silicon carbide SiC
˛-Silicon dioxide (quartz) SiO2

Silicon dioxide (fused silica) SiO2

Silver antimony sulfide (pyrargyrite) Ag3SbS3
Silver arsenic sulfide (proustite) Ag3AsS3
Silver gallium selenide AgGaSe2
Silver gallium sulfide (silver thiogallate) AgGaS2
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Table 23.1 (continued)

Name of material Formula Symbol
Sodium ammonium tartrate tetrahydrate
(ammonium Rochelle salt)

Na.NH4/C4H4O6 	 4H2O

Sodium chlorate NaClO3

Sodium chloride (rock salt, halite) NaCl
Sodium fluoride NaF
Sodium nitrite NaNO2

Strontium fluoride SrF2
Strontium titanate SrTiO3

Tellurium Te
Tellurium dioxide (paratellurite) TeO2

Thallium arsenic selenide Tl3AsSe3 Thallium arsenic selenide
(TAS)

Titanium dioxide (rutile) TiO2

Tourmaline .Na;Ca/.Mg; Fe/3B3Al6Si6.O;OH;F/31

Triglycine sulfate .CH2NH2COOH/3 	H2SO4 TGS
Urea .NH2/2CO
Yttrium aluminate YAlO3 YAP or YALO
Yttrium aluminium garnet Y3Al5O12 YAG
Yttrium lithium fluoride YLiF4 YLF
Yttrium vanadate YVO4 YVO
Zinc germanium diphosphide ZnGeP2
Zinc oxide (zincite) ZnO
Zinc selenide ZnSe
˛-Zinc sulfide (wurtzite) ZnS
Zinc telluride ZnTe

Table 23.2 Used physical quantities, their symbols and their units

Symbol Physical quantity Unit
Bij (Bm) Relative dielectric impermeability Dimensionless
C Capacitance C=V
cijkl (cmn) Elastic stiffness tensor 109 Pa D GPa
D Electric displacement field (or electric flux density) C=m2

dijk (din) Piezoelectric strain tensor 10�12 C=N
E Electric field V=m
n Refractive index Dimensionless
P Polarization (dipole moment per unit volume of matter) C=m2

pijkl (pmn) Elastooptic tensor Dimensionless
qijkl (qmn) Piezooptic tensor 10�9 Pa�1 D GPa�1

rijk (rmk) Electrooptic coefficient 10�12 m=V D pm=V
rSmk, r

T
mk Electrooptic coefficient at constant strain or stress, respectively 10�12 m=V D pm=V

Sij (Sm) Strain tensor Dimensionless
sijkl (smn) Elastic compliance tensor 10�12 Pa�1 D TPa�1

Tij (Tm) Stress tensor 109 Pa D GPa
tan ı Dissipation factor (loss tangent) Dimensionless
% Density g=cm3

"0 Dielectric constant (or permittivity) of free space (vacuum), 8:854�10�12 C=.Vm/

" Relative dielectric constant (permittivity) Dimensionless
�ij Thermal conductivity W=.mK/

v s
mn Sound velocity in the direction mn m=s

�ij.�
.1/
ij / Linear dielectric susceptibility Dimensionless

�
.2/
ijk , dijk (dim) Second-order nonlinear dielectric susceptibility 10�12 m=V D pm=V

�
.3/
ijkl Third-order nonlinear dielectric susceptibility 10�22 m2=V2
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23.1 Dielectric Materials: Low-Frequency Properties

23.1.1 General Dielectric Properties

Density
The density of a substance is defined as the mass per
unit volume of the substance

% D m

V
; (23.1)

where V is the volume occupied by a mass m. The den-
sity is thus a measure of the volume concentration of
mass.

Mohs Hardness Scale
In 1832, Mohs introduced a hardness scale ranging
from 1 to 10, based on ten minerals:

1. Talc, Mg3H2SiO12

2. Gypsum, CaSO4 � 2H2O
3. Iceland spar, CaCO3

4. Fluorite, CaF2
5. Apatite, Ca5F.PO4/3
6. Orthoclase, KAlSi3O8

7. Quartz, SiO2

8. Topaz, Al2F2SiO4

9. Corundum, Al2O3

10. Diamond, C.

Thermal Conductivity
A temperature gradient between different parts of
a solid causes a flow of heat. In an isotropic medium,
the heat flux of thermal energy h (i. e., the heat transfer
rate per unit area normal to the direction of heat flow)
is given by

h D �� grad T ; (23.2)

where � is the thermal conductivity. In a crystal, this
expression is replaced by

hi D ��ij
@T

@xj
: (23.3)

Here �ij is the thermal-conductivity tensor. Note that
other notations are also used in the literature, e.g., � 
 �
or � 
 k.

23.1.2 Static Dielectric Constant
(Low-Frequency)

In isotropic and cubic dielectric materials, the electric
displacement field D, the electric field E, and the polar-
ization P are connected by the relation

D D "0ECP D "0.1C �/E ; (23.4)

where "0 D 8:854�10�12 C=.Vm/ is the dielectric con-
stant (or permittivity) of free space (vacuum), and � is
the dielectric susceptibility. The relative dielectric con-
stant of the material is defined as

" D 1C � ; (23.5)

and therefore (23.4) becomes

D D "0"E : (23.6)

In anisotropic crystals, these equations should be writ-
ten in tensor form

Di D "0"ijEj ; "ij D 1C �ij : (23.7)

The following relations are valid

"ij D "ji ; �ij D �ji : (23.8)

Note that other notations are also used in the literature,
e.g., " 
 "r, or " 
 � and "0 
 �0.

23.1.3 Dissipation Factor

The capacitance C of a capacitor filled with a dielectric
is

C D "0"A

d
; (23.9)

where A is the area of the two parallel plates and d is the
spacing between them. For a lossy dielectric the relative
dielectric constant " can be represented in a complex
form

" D "0 � i"00 : (23.10)

The imaginary part is the frequency-dependent conduc-
tivity

�.!/ D !"0"
00 ; (23.11)

where ! is the frequency. The dissipation factor (or loss
tangent) is defined as

tan ı D "00

"0

: (23.12)

and in anisotropic crystals

tan ı1 D "00

11

"0

11

; tan ı2 D "00

22

"0

22

;

tan ı3 D "00

33

"0

3

: (23.13)

The quality factor Q of the dielectric is the reciprocal of
the dissipation factor

Q D 1

tan ı
: (23.14)
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23.1.4 Elasticity

Hooke’s law states that for sufficiently small deforma-
tions the strain is directly proportional to the stress.
Thus the strain tensor S and the stress tensor T obey
the relation

Sij D sijklTkl ; (23.15)

where sijkl is called the elastic compliance constant (or
compliance, or elastic constant). The elastic stiffness
constant (or stiffness, or Young’s modulus) is the re-
ciprocal tensor

cijkl D s�1
ijkl ; (23.16)

and for the stress tensor we have

Tij D cijklSkl : (23.17)

In the matrix notation for the elastic compliance and
stiffness, we have

Sm D smnTn and Tm D cmnSn ; (23.18)

where

sijkl D smn when both m and n are 1; 2; or 3 ;

2sijkl D smn when either m or n is 4; 5; or 6 ;

4sijkl D smn when both m and n are 4; 5; or 6 ;

cijkl D cmn for all m and n ;

(23.19)

and

Sij D Sm when m is 1; 2; or 3 ;

Sij D 1

2
Sm when m is 4; 5; or 6 ;

Tij D Tm for all m : (23.20)

For relations between tensor and matrix notation, see
Table 23.3. The sound velocity v s

mn in the direction mn
in a crystal is given by

Table 23.3 The relations between ij (tensor notation) and
m (matrix notation), jk and n, and kl and n

Tensor
notation

11 22 33 23 or 32 31 or 13 12 or 21

Matrix
notation

1 2 3 4 5 6

v s
mn D

r
cmn
%

: (23.21)

23.1.5 Piezoelectricity

The phenomenon of the development of an electric mo-
ment Pi if a stress Tjk is applied to a crystal is called the
direct piezoelectric effect

Pi D dijkTjk ; (23.22)

where dijk is the piezoelectric strain tensor (or the piezo-
electric moduli). The relation dijk D dikj reduces the
number of independent tensor components to 18. The
matrix notation is introduced for the piezoelectric strain
as follows

dijk D din when n D 1, 2, or 3 ;

2dijk D din when n D 4, 5, or 6 ; (23.23)

and thus

Pi D dinTn : (23.24)

The relations between jk and n are presented in Ta-
ble 23.3.

The converse piezoelectric effect is described by

Sjk D dijkEi (23.25)

and, correspondingly,

Sn D dinEi : (23.26)

23.2 Optical Materials: High-Frequency Properties

23.2.1 Crystal Optics: General

The dielectric properties of a medium at optical fre-
quencies are given by

D D "0"E ; (23.27)

where "0 is the dielectric constant of free space and "
is the relative dielectric constant of the material. From
Maxwell’s equations, the velocity of propagation of

electromagnetic waves through the medium is given by

v D cp
"

; (23.28)

where c is the velocity in vacuum (the relative magnetic
permeability is taken as 1). The refractive index n D
c=v is therefore n D p

".
In an anisotropic medium

Di D "0"ijEj : (23.29)
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In this general case, two waves of different velocity
may propagate through the crystal. The relative dielec-
tric impermeabilities are defined as the reciprocals of
the principal dielectric constants

Bi D 1

"i
D 1

n2i
: (23.30)

23.2.2 Photoelastic Effect

The photoelastic effect is the effect in which a change
of the refractive index is caused by stress. The changes
in the relative dielectric impermeabilities are


Bij D qijklTkl ; (23.31)

where the qijkl are the piezooptic coefficients. The pho-
toelastic effect can also be expressed in terms of the
stress


Bij D pijrsSrs ; (23.32)

where the pijrs D qijklcklrs are the (dimensionless) elas-
tooptic coefficients. In matrix notation,


Bm D qmnTn and 
Bm D pmnSn : (23.33)

Note that qmn D qijkl when n D 1; 2, or 3 and qmn D
2qijkl when n D 4; 5, or 6; pmn D pijrs (Table 23.3).

23.2.3 Electrooptic Effect

The electrooptic effect is the effect in which a change
in the refractive index of a crystal is produced by an
electric field

n D n0 C aE0 C bE2
0 C : : : ; (23.34)

where a and b are constants and n0 is the refractive in-
dex at E0 D 0. The linear electrooptic effect (Pockels
effect) is due to the first-order term aE0. In isotropic
dielectrics and in crystals with a center of symmetry,
a D 0, and only the second-order term bE2

0 and higher
even-order terms exist (Kerr effect).

The changes in the relative dielectric impermeabili-
ties are


Bij D rijkEk ; (23.35)

where the rijk are the electrooptic coefficients. Since
rijk D rjik, the number of independent tensor compo-
nents is 18, and the above formula can be written in
matrix notation (Table 23.3)


Bm D rmkEk .m D 1; 2; : : : ; 6; k D 1; 2; 3/ :

(23.36)

23.2.4 Nonlinear Optical Effects

The dielectric polarization P is related to the electro-
magnetic field E at optical frequencies by the material

equation of the medium

P.E/ D "0.�
.1/EC�.2/E2C�.3/E3C : : :/ ; (23.37)

where �.1/ D n2 � 1 is the linear dielectric suscepti-
bility, and �.2/; �.3/, etc. are the nonlinear dielectric
susceptibilities.

The Miller delta formulation is

"0Ei.!3/ D ıijkPj.!1/Pk.!2/ ; (23.38)

where the Miller coefficient

ıijk D 1

2"0

�
.2/
ijk .!3/

�
.1/
ii .!1/�

.1/
jj .!2/�

.1/
kk .!3/

; (23.39)

has a small dispersion and is almost constant for a wide
range of crystals.

For anisotropic media, the coefficients �.1/ and �.2/

are, in general, second- and third-rank tensors, respec-
tively. In practice, the tensor

dijk D
�
1

2

�

�ijk (23.40)

is used instead of �ijk . Usually the plane representation
of dijk in the form dil is used; the relations between jk
and l are presented in Table 23.3.

The Kleinman symmetry conditions

d21 D d16; d23 D d34; d14 D d25 D d36 ;

d26 D d12; d31 D d15; d32 D d24; d35 D d13
(23.41)

are valid in the case of no dispersion of the electronic
nonlinear polarizability.

The following three-wave interactions in crystals
with a square nonlinearity (�.2/ ¤ 0) are possible:

� Second-harmonic generation (SHG), ! C ! D 2!� Sum frequency generation (SFG) or up-conversion,
!1 C !2 D !3� Difference frequency generation (DFG) or down-
conversion, !3 � !2 D !1� Optical parametric oscillation (OPO), !3 D !2 C
!1.

For efficient frequency conversion, the phase-
matching condition k1 C k2 D k3, where the ki are the
wave vectors for !1, !2, and !3, respectively, must be
satisfied. Two types of phase matching can be defined

type I: oC o ! e or eC e ! o I
and

type II: oC e ! e or oC e ! o :
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These can be represented with a shortened notation as
follows

ooeW oC o ! e or e ! oC o I
eeoW eC e ! o or o ! eC e I
eoeW eC o ! e or e ! eC o I
oeoW oC e ! o or o ! eC o :

In the shortened notation (ooe; eoe; : : :), the frequencies
satisfy the condition !1 < !2 < !3, i. e., the first sym-
bol refers to the longest-wavelength radiation, and the
last symbol refers to the shortest-wavelength radiation.
Here the ordinary beam, or o-beam is the beam with its
polarization normal to the principal plane of the crys-
tal, i. e., the plane containing the wave vector k and the
crystallophysical axis Z (or the optical axis, for uniax-
ial crystals). The extraordinary beam, or e-beam is the
beam with its polarization in the principal plane. The
third-order term �.3/ is responsible for the optical Kerr
effect.

Uniaxial Crystals
For uniaxial crystals, the difference between the refrac-
tive indices of the ordinary and extraordinary beams,
the birefringence 
n, is zero along the optical axis (the
crystallophysical axis Z) and maximum in a direction
normal to this axis. The refractive index for the ordinary
beam does not depend on the direction of propaga-
tion. However, the refractive index for the extraordinary
beam ne.�/, is a function of the polar angle � between
the Z axis and the vector k

ne.�/ D no

�
1C tan2 �

1C .no=ne/
2 tan2 �

�1=2

; (23.42)

where no and ne are the refractive indices of the ordinary
and extraordinary beams, respectively in the plane nor-
mal to the Z axis, and are termed the principal values.
If no > ne the crystal is called negative, and if no < ne
it is called positive. For the o-beam, the indicatrix of
the refractive indices is a sphere with radius no, and for
the e-beam it is an ellipsoid of rotation with semiaxes
no and ne. In the crystal, in general, the beam is divided
into two beams with orthogonal polarizations; the angle
between these beams � is the birefringence (or walk-
off ) angle.

Equations for calculating phase-matching angles in
uniaxial crystals are given in [23.1–4].

Biaxial Crystals
For biaxial crystals, the optical indicatrix is a bilayer
surface with four points of interlayer contact, which
correspond to the directions of the two optical axes.
In the simple case of light propagation in the principal
planes XY , YZ, and XZ, the dependences of the refrac-
tive indices on the direction of light propagation are
represented by a combination of an ellipse and a cir-
cle. Thus, in the principal planes, a biaxial crystal can
be considered as a uniaxial crystal; for example, a biax-
ial crystal with nZ > nY > nX in the XY plane is similar
to a negative uniaxial crystal with no D nZ

ne.'/ D nY

�
1C tan2 '

1C .nY=nX/2 tan2 '

�1=2

; (23.43)

where ' is the azimutal angle. Equations for calculating
phase-matching angles for propagation in the principal
planes of biaxial crystals are given in [23.3–6].

23.3 Guidelines for Use of Tables

Tables 23.5–23.23 are arranged according to piezo-
electric classes in order of decreasing symmetry (Ta-
ble 23.4), and alphabetically within each class. They
contain a number of columns placed on two pages,
even and odd. The following properties are presented
for each dielectric material: density %, Mohs hardness,
thermal conductivity �, static dielectric constant "ij,
dissipation factor tan ı at various temperatures and fre-
quencies, elastic stiffness cmn, elastic compliance smn

(for isotropic and cubic materials only), piezoelectric
strain tensor din, elastooptic tensor pmn, electrooptic
coefficients rmk (the latter two at 633 nm unless oth-
erwise stated), optical transparency range, temperature
variation of the refractive indices dn=dT , refractive
indices n (the latter two at 1:064	m unless other-

wise stated), dispersion relations (Sellmeier equations),
second-order nonlinear dielectric susceptibility dij, and
third-order nonlinear dielectric susceptibility �

.3/
ijk (for

isotropic and cubic materials only) (the latter two at
1:064	m unless otherwise stated). For isotropic ma-
terials, the two-photon absorption coefficient ˇ is also
included.

The numerical values of the elastic and elastooptic
constants are often averages of three or more measure-
ments, as presented in [23.7–11]. In such cases, the
corresponding Landolt–Börnstein volume is cited to-
gether with the most reliable (latest) reference. The
standard deviation of the averaged value is given in
parentheses. Vertical bars k mean the modulus of
the corresponding quantity. The absolute scale for the
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Table 23.4 Number of independent components of the various property tensors

Symmetry
point group

Dielectric
tensora

Elastic
tensor cmn

Piezoelectric
tensor

Elastooptic
tensor

Electrooptic
tensor

Nonlinear
susceptibility tensorsb

Table
number

"ij or smn dimn pmn or qmn rmk �.2/ �.3/

Isotropic 1 (1) 2 0 2 0 0 (0) 1 (1) Table 23.5
Cubic:
432 (O) 1 (1) 3 0 3 0 0 (0) 2 (2)
m3m (Oh) 1 (1) 3 0 3 0 0 (0) 2 (2) Table 23.6
N43m (Td) 1 (1) 3 1 3 1 1 (1) 2 (2) Table 23.7
23 (T) 1 (1) 3 1 4 1 1 (1) 3 (2) Table 23.8
Hexagonal:
6=mmm (D6h) 2 (2) 5 0 6 0 0 (0) 4 (3)
6=m (C6h) 2 (2) 5 0 8 0 0 (0) 6 (3)
622 (D6/ 2 (2) 5 1 6 1 1 (1) 4 (3)
N6m2 (D3h) 2 (2) 5 1 6 1 1 (1) 4 (3) Table 23.9
N6 (C3h) 2 (2) 5 2 8 2 2 (2) 6 (3)
6mm (C6v ) 2 (2) 5 3 6 3 3 (2) 4 (3) Table 23.10
6 (C6) 2 (2) 5 4 8 4 4 (3) 6 (3) Table 23.11
Trigonal:
N3m (D3d) 2 (2) 6 0 8 0 0 (0) 5 (4) Table 23.12
N3 (C3i) 2 (2) 7 0 12 0 0 (0) 10 (5)
32 (D3) 2 (2) 6 2 8 2 2 (2) 5 (4) Table 23.13
3 m (C3v ) 2 (2) 6 4 8 4 4 (3) 5 (4) Table 23.14
3 (C3) 2 (2) 7 6 12 6 6 (5) 10 (5)
Tetragonal:
4=mmm (D4h) 2 (2) 6 0 7 0 0 (0) 5 (4) Table 23.15
4=m (C4h) 2 (2) 7 0 10 0 0 (0) 8 (6) Table 23.16
422 (D4) 2 (2) 6 1 7 1 1 (1) 5 (4) Table 23.17
N42m (D2d) 2 (2) 6 2 7 2 2 (1) 5 (4) Table 23.18
4mm (C4v ) 2 (2) 6 3 7 3 3 (2) 5 (4) Table 23.19
N4 (S4) 2 (2) 7 4 10 4 4 (2) 8 (6)
4 (C4) 2 (2) 7 4 10 4 4 (3) 8 (6)
Orthorhombic:
mmm (D2h) 3 (3) 9 0 12 0 0 (0) 9 (6) Table 23.20
222 (D2) 3 (3) 9 3 12 3 3 (1) 9 (6) Table 23.21
mm2 (C2v ) 3 (3) 9 5 12 5 5 (3) 9 (6) Table 23.22
Monoclinic:
2=m (C2h) 4 (3) 13 0 20 0 0 (0) 16 (9)
2 (C2) 4 (3) 13 8 20 8 8 (4) 16 (9) Table 23.23
m (Cs) 4 (3) 13 10 20 10 10 (6) 16 (9)
Triclinic:
N1 (Ci) 9 (3) 21 0 36 0 0 (0) 30 (15)
1 (C1) 9 (3) 21 18 36 18 18 (10) 30 (15)

a The number of principal refractive indices ni is given in parentheses
b The number of independent components for the case of Kleinman symmetry conditions is given in parentheses

second-order nonlinear susceptibilities of crystals is
based on [23.12–14]. The second-order susceptibilities
for all crystals measured relative to a standard crys-
tal have been recalculated accordingly. In particular,
all previous measurements relative to KDP and quartz

have been normalized to d36 .KDP/ D 0:39 pm=V and
d11 .SiO2/ D 0:30 pm=V. These data lead to an accu-
rate, self-consistent set of absolute second-order non-
linear coefficients [23.14]. All numerical data are for
room temperature (300K) and in SI units.
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23.4 Tables of Numerical Data for Dielectrics and Electrooptics

Table 23.5 Isotropic materials

General Static dielectric
constant

Dissipation
factor

Elastic stiffness
tensor

Elastic compliance
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"T
11

tanı1

(f (Hz))
c11
c12
(109 Pa)

s11
s12
(10�12 Pa�1)

p11
p12

BK7 Schott glass 2:510
–
1:114
[23.15]

92:325 (145)
–
[23.16]

12b

�2b

[23.17]

–
0:198 (22)
[23.16]

Poly(methylmethacrylate),
.C5H8O2/n
(PMMA, Plexiglas)

1:190
2�3
0:2 [23.22]

3:65 (19)a

[23.23]
0:06
(50Hz)
[23.23]

9:282 (30)
–
[23.16]

300b

8:9b [23.23]

Silicon dioxide, SiO2

(Fused silica,
fused quartz,
vitreous quartz)

2:202
5�6
1:38
[23.25]

3:5a

[23.26]
14 (5) 5�
10�4

(1MHz)
[23.26]

77:806 (185)
–
[23.16]

14b

�2:1b

[23.26]

–
0:243 (17)
[23.16]

a This value for "11 is neither at constant stress nor at constant strain
b The elastic compliances are at constant electric field .sE/ and have been calculated from the Young’s modulus via Y0 D 1=sE and from the
shear modulus via G D Œ2.sE11 � sE12/�

�1

c,d Dispersion relations (� (	m), T D 20 ıC):
c n2 D 1C 1C1:03961212�2

�2
�0:00600069867

C 0:231792344�2

�2
�0:0200179144

C 1:01046945�2

�2
�103:560653

d n2 D 1C 1C0:6961663�2

�2
�.0:0684043/2

C 0:4079426�2

�2
�.0:1162414/2

C 0:8974794�2

�2
�.9:896161/2



Dielectrics and Electrooptics 23.4 Tables of Numerical Data for Dielectrics and Electrooptics 819
Part

D
|23.4

General optical properties Refractive index Two-photon absorption
coefficient ˇ

Nonlinear dielectric

susceptibility �
.3/
1111

Transparency range (�m)
dn=dT (10�5 K�1)

n (10�9 cm=W) (10�22 m2=V2)

0:35�2:8 [23.17, 18]
0:28 (0:546	m) [23.17]

1.5067 [23.17]
For dispersion relation,
see [23.18]c

0:006 (351 nm) [23.19]
0:0029 (532 nm) [23.20]

2:7˙ 0:2 [23.21]

0:27�1:1
–

1.503 (0:436	m)
1.493 (0:546	m)
1.489 (0:633	m)
1.481 (1:052	m)
[23.24]

0:17�4:0 [23.27]
1:5 (0:21	m)
1:0 (0:4	m)
1:2 (2:0	m)
1:0 (3:7	m)
[23.28]

1.5343 (0:2139	m)
1.4872 (0:3022	m)
1.4601 (0:5461	m)
1.4494 (1:083	m)
1.4372 (2:0581	m)
1.3994 (3:7067	m)
For dispersion relation,
see [23.28]d

0:75 (212:8 nm) [23.29]
0:5 (216 nm) [23.30]
0:08 (248 nm) [23.31]
0:045 (266 nm) [23.32]

1:8 [23.33]
1:7˙ 0:3 [23.34]
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Table 23.6 Cubic, point group m3m (Oh) materials

General Static dielectric
constant

Dissipation
factor

Elastic stiffness
tensor

Elastic compliance
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"11 tanı1

(f (Hz))
c11
c44
c12
(109 Pa)

s11
s44
s12
(10�12 Pa�1)

Barium fluoride, BaF2 4:89
3
11 [23.25, 27]

7:33 [23.25] 91:1 (10)
25:3 (4)
41:2 (15)
[23.7]

15:2 (1)
39:6 (7)
�4:7 (1)
[23.7]

Calcium fluoride, CaF2
(fluorite, fluorspar,
Irtran-3)

3:179
4:0
9:71 [23.25, 27]

7:4 [23.43] 165 (2)
33:9 (3)
47 (3)
[23.7]

6:93 (14)
29:5 (3)
�1:52 (11)
[23.7]

Diamond, C 3:52
10
660 (0 ıC)
[23.27, 46]

5:5�10:0
[23.43]

1077 (2)
577 (1)
124:7 (6)
[23.7]

0:951 (2)
1:732 (3)
�0:0987 (6)
[23.7]

Germanium, Ge 5:33
6
58:61 [23.25]

16:6 [23.25] 129 (3)
67:1 (5)
48 (3) [23.7]

9:73 (5)
14:90 (12)
�2:64 (11)
[23.7]

Lithium fluoride, LiF 2:639
4
4:01
[23.25]

9:1 [23.25] 112 (2)
63:5 (6)
46 (3)
[23.7]

11:6 (1)
15:8 (2)
�3:35 (13)
[23.7]

Magnesium oxide, MgO 3:58
–
42 [23.25]

9:7 [23.43] 0:009
(10GHz)
[23.58]

294 (6)
155 (3)
93 (5) [23.7]

4:01 (4)
6:46 (12)
�0:96 (2)
[23.7]

Potassium bromide, KBr 2:753
1:5
4:816 [23.25]

4:9 [23.25] 34:5 (3)
5:1 (2)
5:5 (4)
[23.7]

30:3 (6)
196 (6)
�4:2 (3)
[23.7]

Potassium chloride, KCl
(sylvine, sylvite)

1:99
2
6:53 [23.25]

4:6 [23.43] 40:5 (4)
6:27 (6)
6:9 (3)
[23.7]

25:9 (1)
159 (1)
�3:8 (3)
[23.7]

Potassium iodide, KI 3:12
–
2:1 [23.25]

5:6 [23.43] 27:4 (5)
3:70 (4)
4:3 (2)
[23.7]

38:2 (8)
270 (3)
�5:2 (3)
[23.7]
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Elastooptic
tensor

General optical properties Refractive indexa Nonlinear dielectric susceptibility

p11
p12
p44
p11 � p12

Transparency range (�m)
dn=dT.10�5 K�1/

n
A
B
C

D
E
F
G

�
.3/
1111

�.3/
1122

�
.3/
1133

.10�22 m2=V2/

0:11
0:26
0:02
�0:14
(589�633 nm)
[23.35–37]

0:14�12:2 [23.38]
�1:60 (0:633	m) [23.39, 40]
�0:6 (0:150	m)
�1:0 (0:590	m)
�1:1 (15:0	m) [23.41]

1.678 (0:150	m)
1.557 (0:200	m)
1.5118 (0:266	m)
1.4744 (0:590	m)
1.4683 (1:05	m)
1.4441 (6:00	m)

1.4027 (9:00	m)
1.3865 (11:0	m)
1.305 (15:0	m)
For dispersion rela-
tions, see [23.41]b

1:548˙ 0:17
–
0:636˙ 0:06
(0:575; 0:613	m)
[23.42]

0:027
0:198
0:02
�0:17
(550�650 nm)
[23.35, 36, 44]

0:135�9:4 [23.38]
�1:04 (0:633	m) [23.45]
�0:1 (0:150	m)
�1:5 (0:590	m)
�1:0 (12:0	m)

1.577 (0:150	m)
1.495 (0:200	m)
1.4621 (0:266	m)
1.4338 (0:590	m)
1.4286 (1:05	m)
1.3856 (6:00	m)

1.3268 (9:00	m)
1.268 (11:0	m)
1.230 (12:0	m)
For dispersion rela-
tions, see [23.41]c

0:8˙ 0:24
0:36˙ 0:1
(0:575; 0:613	m)
[23.42]

�0:25
0:04
0:17
�0:30 (1)
(514�633 nm)
[23.47]

0:24�27
1:01 (0:546	m)
0:96 (30	m)
[23.48, 49]

2.7151 (0:2265	m)
2.4190 (0:578	m)
2.3914 (1:064	m)

For dispersion relation,
see [23.50]d

�
.3/
1122 D 4:87.12/

�
.3/
1111 C 3�

.3/
1122 D 30˙ 0:8

(both at 0:407	m) [23.42]

�
.3/
1111 C 3�

.3/
1133 D 65˙ 20

(0:53	m) [23.51]

1:8�15 [23.52]
–

4.0038 (10:6	m)
9:28156
6:72880
0:44105

0:21307
3870:1
0
0 [23.53]e

56 000˙ 28 000
34 000˙ 1200
–
(10:6 and 9:5	m) [23.54]

0:02
0:13
�0:04 (1)
�0:10
(589�633 nm)
[23.44, 55]

0:120�6:60
–

1.387
1
0:9259
0:005441

6:96747
1075
0
0 [23.56]e

1:12 (24)
0:50
–
(0:6943 and 0:7456	m)
[23.57]

�0:25
�0:01
�0:10
�0:24 (589 nm)
[23.44, 59]

0:35�6:8 [23.60]
1:95 (0:365	m)
1:65 (0:546	m)
1:36 (0:768	m)
[23.61]

1.7217
1
1:111033
0:00507606

0:8460085
0:01891186
7:808527
723:2345
[23.62]e

C1:4 (2)
–
C0:77 (15)
(0:6943 and 0:7456	m)
[23.57]

0:22
0:17 (546�600 nm)
[23.63]
0:02
0:04 (488�600 nm)
[23.64]

0:200�30 [23.38]
�3:93 (0:458	m)
�4:19 (1:15	m)
�4:11 (10:6	m) [23.39]

1.5435
For dispersion relation,
see [23.56]f

15:7 [23.65]
5:8 [23.66]
6:2 (0:6943 and 0:7456	m)
[23.57]

0:23
0:17
0:02
0:05 (546�600 nm)
[23.63, 64, 67, 68]

0:18�23:3 [23.38]
�3:49 (0:458	m)
�3:62 (1:15	m)
�3:48 (10:6	m) [23.39]

1.4792
For dispersion relation,
see [23.56]g

6:7 [23.65]
1:9 [23.66]
0:8 (0:6943 and 0:7456	m)
[23.57]

1:21
0:15
�0:031 [23.39]
–

0:32�42 [23.25]
�4:15 (0:458	m)
�4:47 (1:15	m)
�3:08 (30	m) [23.39]

1.6393
For dispersion relation,
see [23.56]h

1:4˙ 0:3 (0:6943 and 0:7456	m)
[23.57]
–
–
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Table 23.6 (continued)

General Static dielectric
constant

Dissipation
factor

Elastic stiffness
tensor

Elastic compliance
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"11 tanı1

(f (Hz))
c11
c44
c12
(109 Pa)

s11
s44
s12
(10�12 Pa�1)

Silicon, Si 2:329
7
163:3 [23.25]

11:0�12:0
[23.43]

165 (2)
79:1 (6)
63 (1)
[23.7]

7:73 (8)
12:70 (9)
�2:15 (4)
[23.7]

Sodium chloride, NaCl
(rock salt, halite)

2:17
2
1:15 [23.25]

5:9 [23.43] 49:1 (5)
12:8 (1)
12:8 (1)
[23.7]

22:9 (5)
78.3 (8)
�4:8 (1)
[23.7]

Sodium fluoride, NaF 2:558
–
3:746 [23.25]

6 [23.25] 97:0 (4)
28:1 (3)
24:2 (10)
[23.7]

11:50 (6)
35:6 (4)
�2:30 (7)
[23.7]

Strontium fluoride, SrF2 4:24
–
1:42 [23.25]

7:69 [23.25] 124 (1)
31:8 (3)
44 (1)
[23.7]

9:86 (4)
31:5 (3)
�2:57 (5)
[23.7]

Strontium titanate,
SrTiO3

5:12
6�6:5
12 [23.81]

300 [23.58] 0:02
(10GHz)
[23.58]

316 (2)
123 (1)
102 (1)
[23.7]

3:75 (3)
8:15 (8)
�0:92 (1)
[23.7]

Yttrium aluminium
garnet, Y3Al5O12

(YAG)

4:56
8�8:5
13:4 [23.86]

333 (3)
114 (1)
111 (3)
[23.7]

3:61 (4)
8:74 (4)
�0:90 (2)
[23.7]

a The refractive index is given in bold type to distinguish it from the constants A, B, etc. in the dispersion relation.
b,c,d,e,f,g,h,i,j,k Dispersion relations (� (	m), T D 20 ıC):
b n2 D 1:33973C 0:81070�2

�2
�0:100652

C 0:19652�2

�2
�29:872

C 4:52469�2

�2
�53:822

;
c n2 D 1:33973C 0:69913�2

�2
�0:093742

C 0:11994�2

�2
�21:182

C 4:35181�2

�2
�38:462

;
d n2 D 2:37553C 0:0336440�2

�2
�0:028

� 0:0887524
.�2

�0:028/2
� 2:40455�10�6�2 C 2:21390�10�9�4;

e n2 D AC B�2

�2
�C

C D�2

�2
�E

C F�2

�2
�G

;
f n2 D 1:39408C 0:79221�2

�2
�0:0213

C 0:01981�2

�2
�0:0299

C 0:15587�2

�2
�0:0350

C 0:17673�2

�2
�3674

C 2:0621�2

�2
�7695

;
g n2 D 1:26486C 0:30523�2

�2
�0:0100

C 0:41620�2

�2
�0:0172

C 0:18870�2

�2
�0:0262

C 2:6200�2

�2
�4959

;
h n2 D 1:47285C 0:16512�2

�2
�0:0166

C 0:41222�2

�2
�0:0306

C 0:44163�2

�2
�0:0350

C 0:16076�2

�2
�0:0480

C 0:33571�2

�2
�4822

C 1:92474�2

�2
�9612

i n2 D 1:00055C 0:19800�2

�2
�0:00250

C 0:48398�2

�2
�0:0100

C 0:38696�2

�2
�0:0164

C 0:25998�2

�2
�0:0250

C 0:08796�2

�2
�1640

C 3:17064�2

�2
�3719

C 0:30038�2

�2
�14482

;
j n2 D 1:33973C 0:7097�2

�2
�0:095972

C 0:1788�2

�2
�26:032

C 3:8796�2

�2
�45:602

;
k n2 D 3:2968230� 0:0166197�2 C 0:0126503��2 C 0:0069986��4 � 0:0013968��6 C 0:0001088��8
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Elastooptic
tensor

General optical properties Refractive indexa Nonlinear dielectric susceptibility

p11
p12
p44
p11 � p12

Transparency range (�m)
dn=dT.10�5 K�1/

n
A
B
C

D
E
F
G

�
.3/
1111

�.3/
1122

�
.3/
1133

.10�22 m2=V2/

�0:094
0:017
�0:051
�0:111 (3390 nm)
[23.69–72]

1:1�6:5 [23.52]
–

3.4176 (10:6	m)
1
10:6684293
0:09091219

0:003043475
1:2876602
1:54133408
1 218 820 [23.73]e

[23.74]

24 300 [23.75]
–
33 000 [23.66] at 10:6 and 11:8	m

�
.3/
1111 D 2800

�
.3/
1122 D 1340 [23.76]

0:128
0.171
�0:01
�0:04
(589�633 nm)
[23.67, 68, 77]

0:2�16 [23.38]
�3:42 (0:458	m)
�3:54 (0:633	m)
�3:63 (3:39	m) [23.39]

1.5313
For dispersion relation,
see [23.56]i

6:7 [23.65]
2:78 [23.66]
at 0:6943 and 0:7456	m
–
�

.3/
1111 D 9:5˙ 2,

�
.3/
1133 D 4:0˙ 1:2 [23.57]

0:03
0:14
–
�0:10
(589�633 nm)
[23.77–79]

0:135�11:2 [23.80]
�1:19 (0:458	m)
�1:32 (0:633	m)
�1:25 (3:39	m) [23.39]

1.32
1:41572
0:32785
0:0137

3:18248
1646
0
0 [23.56]e

1:4 [23.65]
–
–

0:080
0:269
0:018
�0:189 [23.35, 36]

0:13�11
�0:9 (0:150	m)
�1:2 (0:590	m)
�0:4 (14:0	m)
[23.41]

1.59 (0:150	m)
1.50 (0:200	m)
1.47 (0:266	m)
1.4380 (0:590	m)
1.433 (1:05	m)
1.404 (6:00	m)

1.37 (9:00	m)
1.33 (11:0	m)
1.25 (14:0	m)
For dispersion rela-
tions, see [23.41]j

0:82˙ 0:2
–
0:56˙ 0:8
(0:575; 0:613	m)
[23.42]

|0.15|
|0.095|
|0.072|
–
[23.82]

0:41�5:1 [23.83, 84]
–

2.3104
1
3:042143
0:02178287

1:170065
0:08720717
30:83326
1101:3146 [23.85]e

� 2000
–
� 1000
(0:6943 and 0:7456	m) [23.57]

�0:029
0:0091
�0:0615
�0:038 [23.87]

0:21�5:3 [23.88]
0:905 [23.88]

1.8422 (0:5	m)
1.8258 (0:7	m)
1.8186 (0:9	m)
1.8152 (1:05	m)
1.8149 (1:064	m)

For dispersion
relationk , see [23.89]
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Table 23.7 Cubic, point group N43m (Td) materials

General Static dielectric
constant

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
strain tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"T
11

tanı1

(f (Hz))
c11
c44
c12
(109 Pa)

d14
(10�12 C=N)

p11
p12
p44
p11 � p12

Cadmium telluride,
CdTe (Irtran-6)

5:855
3
6:28 [23.81]

9:65 (�196 ıC)
[23.90]
11:00 (23 ıC)
[23.91]

53:5 (2)
20:2 (2)
36:9 (3)
[23.7]

1:68 (8)
(�196 ıC)
[23.90]

�0:152
�0:017
�0:057
�0:135 (10 600 nm)
[23.92]

Copper bromide,
CuBr

7:9 (8) (22 ıC) [23.99]
6:6
(�193 ıC) [23.100]

43:5
14:7
34:9
[23.101]

16 (1)
[23.102]

0:072
0:195
�0:083
�0:123 [23.103]

Copper chloride,
CuCl (nantokite)

4:136
–
–

8:3 (5)
9:2 (5) [23.107, 108]

45:4
13:6a

36:3
[23.109]

27:2 (5)
[23.102]

0:120
0:250
�0:082
�0:130 [23.103]

Copper iodide, CuI 5:60
–
–

–
6:5 (�269 ıC)
[23.100]

45:1
18:2a

30:7
[23.100]

7 (1)
[23.102]

3:032
0:151
�0:068
�0:119 [23.103]

Gallium
antimonide,
GaSb

5:614
4:5
32 [23.114]

15 [23.115]
15:7b [23.114]

88:4 (9)
43:4 (9)
40:3 (8) [23.7]

�2:9 [23.115]

Gallium arsenide,
GaAs

5:3169
4:5
46:05 [23.17]

12:95 (10) [23.119]
13:08 [23.91]

0:001
(2:5�10GHz)
[23.120]

118 (1)
59:4 (2)
53:5 (5) [23.7]

�2:7 [23.115] �0:16
�0:13
�0:05
�0:03 (1150 nm)
[23.103, 121]

Gallium phosphide,
GaP

4:138
5
110 [23.114]

11:1b [23.130] 141 (3)
71:2 (21)
62:4 (12) [23.7]

�0:151
�0:082
�0:074
�0:069 [23.87]

Indium antimonide,
InSb

5:78
–
18 [23.114]

16:8b [23.114]
17 [23.115]

66:2 (7)
30:2 (3)
35:9 (22) [23.7]

�2:35 [23.115] 0:46
0:58
0:064 (10:6	m)
–
[23.134, 135]

Indium arsenide,
InAs

5:70
3:8
27 [23.114]

15:5b [23.114]
14:5 [23.115]

84:4 (17)
39:6 (1)
46:4 (19) [23.7]

�1:14 [23.115]
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Electrooptic tensor General optical
properties

Refractive index Nonlinear dielectric susceptibility

rT41
(10�12 m=V)

Transparency range (�m)
dn=dT
(10�5 K�1)

n
A
B
C
D
E

Second order
d14
(10�12 m=V)

Third order

�
.3/
1111

�
.3/
1122

�
.3/
1133

(10�22 m2=V2)
6:8 (10:6	m)
[23.93]

0:85�29:9 [23.84]
For temperature-depen-
dent dispersion relations,
see [23.94]

2.693 (14	m)
1
6:1977889
0:100533
3:2243821
5193:55 [23.95]c

170˙ 60 (10:6	m)
60˙ 24 (28	m)
[23.96–98]

�2:5 (5) [23.104]f 0:50�20 [23.105]
–

2.3365 (0:4358	m)
2.152 (0:532	m)
2.045 (1:064	m)
2.025 (10:6	m)
[23.99, 105, 106]

�6:5˙ 1:3
(1:064	m) [23.106]
�5:0˙1:5 (10:6	m) [23.105]

�4:97 (50) [23.110] 0:45�15 [23.105]
–

1.9216
3:580
0:03162
0:1642
0:09288
0 [23.111]c

�5:7˙ 1:1
(1:064	m) [23.106]
�4:15˙ 1:2
(10:6	m) [23.105]

18 [23.112, 113]g 0:50�20 [23.105]
–

2.5621 (0:4358	m)
2.378 (0:532	m)
2.245 (1:064	m)
[23.105, 106]

�4:7˙ 1:0
(1:064	m) [23.106]
�5:0˙1:5 (10:6	m) [23.105]

1:8�20 [23.27, 84]
–

3.820 (1:8	m)
3.898 (3:0	m)
3.824 (5:0	m)
3.843 (10	m) [23.116]

C628˙ 63 (10:6	m)
[23.117, 118]

1:43 (7) (1:15	m)
1:24 (4) (3:39	m)
1:51 (5) (10:6	m)
[23.122]

0:900�17:3 [23.123]
25 (1:15	m)
20 (3:39	m)
20 (10:6	m) [23.124]

3.5072
3:5
7:497
0:167
1:935
1382 [23.125]c

d36 D 170 (1:064	m)
[23.13, 14, 126, 127]
d36 D 83 (10:6	m)
[23.12, 14, 128]

6700 [23.54]
1400 [23.129]
1700 [23.54]
(all at 10:6	m)

�0:76 (3) [23.131] 0:54�10:5
20 (0:546	m)
16 (0:633	m)
[23.132]

3.1057
For dispersion relation,
see [23.133]d

100 [23.130, 132]
58 (10:6	m) [23.132]

8�30 [23.84]
–

3.904 (14	m)
3.745 (28	m) [23.96]

660 [23.126]
2280˙ 270 (10:6	m)
[23.136]
580 (28	m) [23.96]

[23.137, 138]

3:9�20 [23.84]
50 (4	m)
40 (6	m)
30 (10	m) [23.124]

3.49 (10:6	m)
11:1
0:71
6:5076
2:75
2084:8 [23.139]c

346 (1:058	m) [23.126]
249 (10:6	m)
[23.117, 118]

� 25 000
(10:6 and
9:5	m) [23.54]
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Table 23.7 (continued)

General Static dielectric
constant

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
strain tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"T
11

tanı1

(f (Hz))
c11
c44
c12
(109 Pa)

d14
(10�12 C=N)

p11
p12
p44
p11 � p12

Indium phosphide,
InP

4:78
–
68 [23.114]

12:56 (20)b [23.140] 101:1
45:6
56:1 [23.141]

Zinc selenide, ZnSe 5:26
3�4
19 [23.148]

9:12
9:12 [23.90]

86:4 (39)
40:2 (18)
51:5 (34) [23.7]

1:1 (1) [23.90] j0:100j
j0:065j
j0:065j (633 nm)
[23.149]
�0:10 (10 600 nm)
[23.150]

Zinc telluride, ZnTe 6:34
6
18 [23.156]

10:10
10:10 [23.90]

71:5 (6)
31:1 (3)
40:8 (1) [23.7]

0:91 (5)
[23.90]

�0:144
�0:094
�0:046 [23.157]
�0:040 [23.158]

a The elastic stiffness was measured at constant electric field .cE/
b This value for "11 is neither at constant stress nor at constant strain
c,d,e Dispersion relations (� (	m), T D 20 ıC)
c n2 D AC B�2

�2
�C C D�2

�2
�E

d n2 D 1C 1:390�2

�2
�0:0296

C 4:131�2

�2
�0:05476

C 2:570�2

�2
�0:1190

C 2:056�2

�2
�757:35

e n2 D 1C 4:2980149�2

�2
�0:03688810

C 0:62776557�2

�2
�0:14347626

C 2:8955633�2

�2
�2208:4920

f rS41
g n3r41
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Electrooptic tensor General optical
properties

Refractive index Nonlinear dielectric susceptibility

rT41
(10�12 m=V)

Transparency range (�m)
dn=dT
(10�5 K�1)

n
A
B
C
D
E

Second order
d14
(10�12 m=V)

Third order

�
.3/
1111

�
.3/
1122

�
.3/
1133

(10�22 m2=V2)
1:45
(1:06	m) [23.142]

0:98�20 [23.143]
8:3 (5	m)
8:2 (10:6	m)
7:7 (20	m) [23.144]

3.44
7:255
2:316
0:39225
2:765
1084:7 [23.145, 146]c

136 (1:058	m) [23.147]
105˙ 11 (10:6	m)
[23.136]

1:8 [23.151, 152]
2:2
(10:6	m) [23.153]

0:47�19 [23.123]
–

2.48
For dispersion relation,
see [23.39]e

C103 [23.123]
C80 (10:6	m)
[23.98, 154]

1:05�107

(0:4606	m)
2650 (0:532	m)
1680 (1:064	m)
(all for
j�.3/j) [23.155]

4:27 (0:616	m)
[23.151, 152]

0:59�25 [23.14]
–

2.69 (10:6	m)
4:27
3:01
0:142
0
0 [23.159]c

3:47 [23.123]
C90 (10:6	m)
[23.97, 98]
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Table 23.8 Cubic, point group 23 (T) materials

General Static dielectric
constant

Dissipation factor Elastic stiffness
tensor

Piezoelectric strain
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"T
11

tanı1

(f (Hz))
c11
c44
c12
(109 Pa)

d14
(10�12 C=N)

Bismuth germanium oxide,
Bi12GeO20 (BGO)

9:239
5 [23.160]
–

38:0 (4)
[23.161]
40 [23.162]

0:0035
[23.162]

126:0
26:9
34:2 [23.163]

37:58 (4)
[23.164]

Bismuth silicon oxide,
Bi12SiO20 (BSO, sillenite)

9:2
5 [23.160]
–

42 (1) [23.172]
64 (2) [23.173]

0:0004 (> 1MHz)
[23.173]

129 (2)
24:7 (2)
29:4 (12) [23.7]

Sodium chlorate, NaClO3 2:488
–
–

4:8
5:85 [23.179]

49:6 (5)
11:6 (2)
14:7 (6) [23.7]

�1:74 [23.180]

a Dispersion relation (� (	m), T D 20 ıC): n2 D AC B�2

�2
�C

C D�2

�2
�E

C F�2

�2
�G
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Elastooptic tensor Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

p11
p12
p44
p11 � p12

rT41
(10�12 m=V)

Transparency range (�m)
dn=dT (10�5 K�1)

n
A
B
C
D
E

d14
(10�12 m=V)

0:12
0:10
0.09 (1)
0:01 [23.165–170]

4:1 (1) 0:385�7 [23.160, 171]
–

2.55 (0:633	m) [23.160]

0:16
0:13
0:12
0:015 [23.174, 175]

4:25�5:0
[23.176–178]

0:390�6 [23.160, 171]
–

2.54 (0:633	m) [23.160]

0:162
0:24
�0:0198
�0:078 [23.181]

0:36 (0:4	m)
0:39 (0:59	m)
[23.182]

1.512 (0:6943	m)
For dispersion relation,
see [23.183]a

0:43 (0:6943	m)
[23.184]
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Table 23.9 Hexagonal, point group N6m2 (D3h) materials

General Static dielectric tensor Elastic stiffness tensor Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

c11
c33
c44
c12
c13
(109 Pa)

p11
p12
p13
p31
p33
p44

Gallium selenide, GaSe 5:0
2
9:0 (? c)
8:25 (k c)
[23.185]

7:45a

7:1a

9:80a

8:0 (3)
[23.186]

106:4 (37)
35:8 (15)
10:2 (5)
30:0 (25)
12:1 (4) [23.7]

jp12=p13j < 0:05
[23.187]

Gallium sulfide, GaS 3:86
2
–
–

127 (19)
42 (11)
12:0 (73)
35:7 (45)
14:3 (81) [23.7]

a From IR measurements. "S is " at optical frequencies
b Dispersion relation (� (mm), T D 20 ıC): n2 D AC B

�2 C C
�4 C D

�6 C E�2

�2
�F
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric susceptibility

rT13

rT33

rT41

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m) no
A
B
C
D
E
F

ne
A
B
C
D
E
F

d31
d33
(10�12 m=V)

22 (n3or11)
[23.188, 189]

0:62�20 [23.190] 2.9082
7:443
0:4050
0:0186
0:0061
3:1485
2194 [23.191]b

2.5676
5:76
0:3879
0:2288
0:1223
1:8550
1780 [23.191]b

d22 D 54 pm=V (10:6	m)
[23.192–194]

0:420 d16 D 84 pm=V (0:6943	m)
[23.195]
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Table 23.10 Hexagonal, point group 6mm (C6v ) materials

General Static dielectric
tensor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

c11
c33
c44
c12
c13
(109 Pa)

d31
d33
d15
dh
(10�12 C=N)

p11
p12
p13
p31
p33
p44

Beryllium oxide, BeO
(bromellite)

3:010
–
370
–
[23.46]

6:82a

7:62a

[23.196]

460:6
491:6
147:7
126:5
88:4 [23.197]

�0:12 (3)
C0:24 (6)
–
–
[23.198]

Cadmium selenide, CdSe 5:67
3:25
6:2 (? c)
6:9 (k c)
[23.205]

9:53
10:20
9:70
10:65
[23.90]

74:1
83:6
13:17
45:2
39:3 [23.90]b

�3:80 (11)
7:81 (23)
�10:1.4/

–
[23.206, 207]

[23.208, 209]

Cadmium sulfide, CdS
(greenockite)

4:82
3�3:5
14 (? c)
16 (k c)
[23.205]

8:67 (7)
9:53 (7)
8:92 (7)
10:20 (7)
[23.215, 216]

88:4 (47)
95:2 (22)
15:0 (3)
55:4 (39)
48:0 (22)
[23.7, 217]

�5:09 (9)
[23.215, 216]
C9:71 (29)
[23.215, 216]
�11:91 (39)
[23.215, 216]
< 0:05 [23.8]

�0:142
�0:066
�0:057
�0:041
�0:20
� j0:054j
[23.87, 218]

Gallium nitride, GaN 6:15
–
1300
–
[23.222]

9:5 (3)
10:4 (3)
[23.223]a

296
267
24:1
130
158 [23.224]

˛-Silicon carbide, SiC 3:217
–
490 [23.46]
–

"33 D 6:65
[23.227]

502
565
169
95
56 [23.228]

[23.229–231]

Zinc oxide, ZnO
(zincite)

5:605
–
29 [23.46]
–

8:33 (8)
8:81 (10)
8:67 (9)
11:26 (12)
[23.233, 234]

207:0
209:5
44:8
117:7
106:1
[23.233, 234]b

�5:12 (6)
[23.233, 234]
12:3 (2)
[23.233, 234]
�8:3 (3)
[23.233, 234]
< 0:2 [23.8]

j0:221j
j0:099j
�0:090
j0:089j
�0:263
�0:061 [23.91]



Dielectrics and Electrooptics 23.4 Tables of Numerical Data for Dielectrics and Electrooptics 833
Part

D
|23.4

Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT33

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d31
d33
d15
(10�12 m=V)

1:33 .rT51/
[23.199, 200]

0:21�7, 15�25 [23.201]
0:818 [23.202]
1:34 [23.202]

1.7055
1
1:92274
0:0062536
1:24209
94:344 [23.203]c

1.7204
1
1:96939
0:0073788
1:24209
109:82 [23.203]c

0:23
0:32
–
[23.154, 204]

1:8 .rS13/

4:3 .rS33/

[23.210]

0:75�20 [23.211, 212]
–
–

2.5375
4:2243
1:768
0:227
3:12
3380 [23.213]c

2.5572
4:2009
1:8875
0:2171
3:6461
3629 [23.213]c

�29 (10:6	m) [23.98]
C55 (10:6	m) [23.98]
23˙ 3 (1:054mm) [23.214]

2:45 (8)
2:75 (8)
1:7 (3)
(all at 10:6	m)
[23.122]

0:53�16 [23.123]
5:86 (10:6	m)
6:24 (10:6	m)
[23.219]

2.212 (10:6	m)
5:235
�0:1819
0:1651
0 [23.220]d

–

2.225 (10:6	m)
5:239
0:2076
0:1651
0 [23.220]d

–

16 [23.221]
32 [23.221]
18 [23.221]
�16 (d31, 10:6	m) [23.12, 14]
�16 (d32, 10:6	m) [23.12, 14]
32 (d33, 10:6	m) [23.12, 14]

0:57˙ 0:11 (r31)
1:91˙ 0:35 (r33)
[23.225]

0:37
–
–

2.33
3:60
1:75
0:0655
4:1
319 [23.223]

2.35
5:35
5:08
315:4
0 [23.223]
–

21
44
25:5
[23.226]

0:51�4
–
–

2.5830
1
5:5515
0:026406
0 [23.227]c

–

2.6225
1
5:7382
0:028551
0 [23.227]c

–

5
50 [23.232]
–

�1:4 (rS13)

C2:6 (rS33)
[23.210, 235, 236]
�3:1 (rT51)
at 396 nm [23.237]

0:38�6:0
–
–

1.939
2:81418
0:87968
0:09254
0:00711 [23.203]e

–

1.955
2:80333
0:94470
0:09024
0:00714 [23.203]e

–

C1:7˙ 0:15
�5:6˙ 0:15
1:8˙ 0:15
[23.154, 221]
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Table 23.10 (continued)

General Static dielectric
tensor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

c11
c33
c44
c12
c13
(109 Pa)

d31
d33
d15
dh
(10�12 C=N)

p11
p12
p13
p31
p33
p44

˛-Zinc sulfide, ˛-ZnS
(wurtzite, zinc blende)

4:09
–
27 [23.46]
–

8:58
8:52
8:60 (5)
8:57 (7)
[23.238, 239]

122:0
140:2
28:5
58:0
46:8
[23.238, 239]b

�1:1 (0)
C3:2 (1)
�2:8 (1)
C1:0 [23.240, 241]

�0:115
0:017
0:025
0:0271
�0:13
�0:0627 [23.242]

a These values for "ij are neither at constant stress nor at constant strain
b The elastic stiffness constant were measured at constant electric field .cE/
c,d,e Dispersion relations (�.mm/;T D 20 ıC):
c n2 D AC B�2

�2
�C

C D�2

�2
�E

d n2 D AC B
�2

�C
�D�2

e n2 D AC B�2

�2
�C

�D�2
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT33

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d31
d33
d15
(10�12 m=V)

0:92
1:85 [23.235, 236]
–

0:35�23 [23.123]
–
–

2.213 (10:6	m)
3:4175
1:7396
0:07166
0 [23.203]e

–

2.219 (10:6	m)
3:4264
1:7491
0:07150
0 [23.203]e

–

�18:9˙ 6:3
C37:3˙ 12:6
21:4˙ 8:4
(all at 10:6	m)
[23.98, 243]
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Table 23.11 Hexagonal, point group 6 (C6) materials

General Static dielectric
tensor

Elastic stiffness
tensor

Piezoelectric strain
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

c11
c33
c44
c12
c13
(109 Pa)

d31
d33
d14
d15
(10�12 C=N)

p11
p12
p13
p16
p31
p33
p44
p45

Barium nitrite
monohydrate,
Ba.NO2/2 	H2O

3:179
–
–
–
–

–
–
7:56 (8)
6:78 (7)
[23.244]

54:2
29:9
11:2
27:5
17:8
[23.244]b

�1:73.17/

C3:27 (16)
C0:47 (9)
�1:03 (10)
[23.244]

˛-Lithium iodate, LiIO3 4:490
4
1:27 (? c)
0:65 (k c)
[23.246, 247]

7:9 (4) (�20 ıC)
[23.248]
5:9 (3) (�20 ıC)
[23.248]
8:25a (0 ıC)
[23.249]
6:53a (0 ıC)
[23.249]

82:5 (8)
55:9 (23)
18:0 (3)
31:9 (8)
20:8 (87)
[23.7, 250]b

3:5 [23.8, 251, 252]
48:5
[23.8, 251, 252]
73 (7) [23.249]
55:5 [23.8, 251, 252]

j0:32j
–
j0:24j
j0:03j
j0:41j
j0:23j [23.253]
–
–

a The values for "ij are neither at constant stress nor at constant strain
b The elastic stiffness constants were measured at constant electric field .cE/
c Dispersion relation (� (mm), T D 20 ıC): n2 D AC B

�2
�C �D�2
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric

rT13

rT33

rT41

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D

ne
A
B
C
D

d31
d33
(10�12 m=V)

C3:47 (10)
C3:31 (13)
�0:85 (21)
�0:41 (10)
[23.244]

0:4�2 [23.245]
–
–

1.6266 (0:5	m)
1:99885
0:542910
0:04128
0:01012 [23.245]c

1.5238 (0:5	m)
1:48610
0:775625
0:01830
0:00090 [23.245]c

1:14 [23.245]
–

6:4
4:2
3:1
7:9 .rS51/
[23.254, 255]

0:3�6:0 [23.256, 257]
�9:38 [23.258]
�8:25 [23.258]

1.8571
3:415716
0:047031
0:035306
0:008801 [23.259]c

1.7165
2:918692
0:035145
0:028224
0:003641 [23.259]c

4:4
4:5 [23.12, 14]
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Table 23.12 Trigonal, point group N3m (D3d) materials

General Static dielectric
tensor

Dissipation factor Elastic stiffness
tensor

Elastic compliance
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

c11
c33
c44
c12
c13
c14
(109 Pa)

s11
s33
s44
s12
s13
s14
(10�12 Pa�1)

˛-Aluminium oxide,
Al2O3 (sapphire)

3:98
9
33 (? c)
35 (k c)
[23.260]

9:4
11:5 [23.58]a

0:0001
[23.58]
–

496 (3)
499 (4)
146 (3)
159 (10)
114 (3)
�23 (1)
[23.7, 261]

2:35
2:17
6:95
�0:70
�0:38
0:46
[23.261]

Calcite, CaCO3

(calcspar, Iceland spar)
2:71
3
3:00 (? c)
3:40 (k c)
(50 ıC)
[23.264]

8:0a,b

[23.43]
144 (3)
84:3 (26)
33:5 (7)
54:2 (47)
51:2 (34)
�20:5 (2)
[23.7, 265]

11:4 (2)
17:3 (5)
41:4 (12)
�4:0 (4)
4:5 (4)
9:5 (5)
[23.7]

a These values for "11 are neither at constant stress nor at constant strain
b It is not clear which relative dielectric constant "ij is specified
c Dispersion relation (� (	m), T D 20 ıC): n2 D 1C A�2

�2
�B

C C�2

�2
�D

C E�2

�2
�F

d For crystals grown by heat exchanger method (HEM)



Dielectrics and Electrooptics 23.4 Tables of Numerical Data for Dielectrics and Electrooptics 839
Part

D
|23.4

Elastooptic tensor General optical properties Refractive index

p11
p12
p13
p14
p31
p33
p41
p44

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E
F

ne
A
B
C
D
E
F

�0:23
�0:03
0:02
0:00
0:04
�0:20
0:01
�0:10 (644 nm) [23.262]

0:147�5:2 [23.88]
–
–

1.7655 (0:7	m)
1:077
0:0033
1:025
0:0114
5:04
151:2 [23.263]c,d

1.7573 (0:7	m)
1:041
0:0004
1:030
0:0141
3:55
123:8 [23.263]c,d

0:062
0:147
0:186
�0:011
0:241
0:139
�0:036
�0:058 (514 nm) [23.266]

0:2�2:3
0:21 (0:633	m)
1:19 (0:633	m) [23.27]

1.6428 (1:042	m) [23.267] 1.4799 (1:042	m) [23.267]



Part
D
|23.4

840 Part D Functional Materials

Table 23.13 Trigonal, point group 32 (D3) materials

General Static dielectric
tensor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

c11
c33
c44
c12
c13
c14
(109 Pa)

d11
d14
(10�12 C=N)

p11
p12
p13
p14
p31
p33
p41
p44

Aluminium phosphate,
AlPO4 (berlinite)

2:620
6:5
� 6 [23.46]
–

5:88
[23.8, 268]
–
4:73
4:62
[23.269, 270]

67:0 (26)
87:2 (10)
42:9 (4)
9:3 (14)
13:1 (21)
�12:7 (5)
[23.7, 271]a

�3:0
1:3
[23.272, 273]

˛-Mercuric sulfide,
HgS (cinnabar)

8:05
2�2:5
–
–

14:0 (3)
25:5 (5)
15:0 (3)
25:5 (5)
[23.275]

35:36
50:92
21:40
7:02
8:66
11:3
[23.276]b

19:1
� j1:7j
[23.8, 277]

–
–
j0:445j
–
–
j0:115j [23.278]
–
–

Potassium
fluoroboratoberyllate,
KBe2BO3F2 (KBBF)

˛-Silicon dioxide,
SiO2 (quartz)

2:6485
7
6:5 (? c)
11:7 (k c)
[23.205]

4:435
4:640
4:520
4:640 [23.283]

86:6 (3)
106:4 (12)
58:0 (7)
6:7 (9)
12:4 (16)
17:8 (3) [23.7]a

C2:3
�0:67
[23.284, 285]

0:16
0:27
0:27
�0:030
0:29
0:10
�0:047
�0:079 (589 nm)
[23.286]

Tellurium, Te 6:25
2�2:5
2:0 (? c)
3:4 (k c)
[23.290]

33 [23.291]
53 [23.291]
–
37 [23.292]

33 (1)
71 (3)
31:8 (25)
9:1 (7)
24:5 (15)
(�)12:4 (15)
[23.7]

C55
C50 [23.293]

0:164
0:138
0:146
�0:04
�0:086
0:038
0:28
0:14 (10:6	m) [23.294]

a These values are approximately the constant-field values cE
b cE at constant electric field
c,d,e Dispersion relations (� (	m), T D 20 ıC):
c n2 D AC B�2

�2
�C

C D�2

�2
�E

d n2 D AC B�2

�2
�C

�D�2

e n2o D 1C 0:663044�2

�2
�0:0036

C 0:517852�2

�2
�0:0112

C 0:175912�2

�2
�0:0142

C 0:565380�2

�2
�78:216

C 1:675299�2

�2
�430:23

n2e D 1C 0:665721�2

�2
�0:0036 C 0:503511�2

�2
�0:0112 C 0:214792�2

�2
�0:0142 C 0:539173�2

�2
�77:30 C 1:807613�2

�2
�390:85
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT11

rT41
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d11
(10�12 m=V)

1.5161 (1	m) [23.274] 1.5285 (1	m) [23.274] 0:53 [23.221]
d14 D 0:013 [23.221]

3:1
1:55 [23.279]

0:63�13:5 [23.280]
–
–

2.7041
4:1506
2:7896
0:1328
1:1378
705 [23.213]c

2.9909
4:0101
4:3736
0:1284
1:5604
705 [23.213]c

50 (10:6	m) [23.281]

0:155�3:5 [23.282]
–
–

1.487 (0:4	m)
1
1:169725
0:00624
0:009904 [23.282]d

–

1.410 (0:4	m)
1
0:956611
0:0061926
0:027849 [23.282]d

–

0:76 [23.282]

�0:445 (10)
C0:1904 (50)
[23.287]

0:15�4:5 [23.264]
�0:62 (546 nm)
�0:7 (546 nm) [23.61]

1.5350 (1	m)
For dispersion relation,
see [23.61]e

1.5438 (1	m)
For dispersion relation,
see [23.61]e

0:30
[23.12–14, 128, 288, 289]

3:8�32 [23.84]
–
–

4.7979 (10:6	m)
18:5346
4:3289
3:9810
3:78
11:813 [23.213]c

6.2483 (10:6	m)
29:5222
9:3068
2:5766
9:235
13:521 [23.213]c

598 (10:6	m) [23.295]
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Table 23.14 Trigonal, point group 3m (C3v ) materials

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c12
c13
c14
(109 Pa)

d22
d31
d33
d15
dh
(10�12 C=N)

p11
p12
p13
p14
p31
p33
p41
p44

ˇ-Barium borate,
BaB2O4 (BBO)

3:849
4
1:2 (? c)
1:6 (k c)
[23.205]

–
–
6:7
8:1 [23.296]

< 10�3

< 10�3

(10�50 ıC,
1�100 kHz)
[23.296]

123:8
53:3
7:8
60:3
49:4
12:3 [23.296]

Lithium niobate,
LiNbO3

4:628
5�5:5
4:6 [23.148]

43:9 (22) [23.304]
23:7 (12) [23.304]
85:2 [23.305]
28:7 [23.305]

0:0015 (4)
0:0011 (3)
(1GHz)
[23.304]

202 (2)
244 (5)
60:2 (6)
55 (2)
72 (5)
8:5 (7) [23.7]a

20:7 (1) [23.306]
�0:86 (2) [23.306]
C16:2 (1) [23.306]
74:0 (3) [23.306]
6:310 (14) [23.307]

�0:031 (9)
0:082 (9)
0:135 (7)
�0:076 (15)
0:170 (14)
0:069 (5)
�0:150 (10)
0:147 (100) [23.11]b

Lithium niobate
(5% MgO-doped)
MgO:LiNbO3

Lithium tantalate,
LiTaO3

7:45
5:5

42:6
42:8
53:6
43:4 [23.305]

0:0013 (4)
0:0007 (3)
(1GHz)
[23.304]

230 (2)
276 (6)
96 (1)
42 (6)
79 (4)
�11 (1)
[23.7, 317, 318]

8:5 [23.319]
�3:0 [23.319]
9:2 [23.319]
26 [23.319]
2:000 (12) [23.307]

�0:081
0:081
0:093
�0:026
0:089
�0:044
�0:085
0:028 [23.320, 321]

Silver antimony sulfide,
Ag3SbS3 (pyrargyrite)

5:83
2�2:5
–
–

–
–
21:7 (7)
24:7 (7)
[23.325]

52:7
35:6
11:6
26:3
28:0
�0:4
[23.325, 326]c

16:2
�19:5
62:2
31:6
–
[23.327, 328]
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT22

rT33

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E
F

ne
A
B
C
D
E
F

d31
d33
d22
d15
(10�12 m=V)

C0:27 (2)
�2:41 (3)
C0:29 (3)
C1:7 (1) [23.297]

0:189�3:5
[23.296, 298–301]
�1:66 [23.296]
�0:93 [23.296]

1.6551
2:7359
0:01878
0:01822
0:01471
0:0006081
0:0000674 [23.302]h

1.5426
2:3753
0:01224
0:01667
0:01627
0:0005716
0:00006305 [23.302]h

2:16˙ 0:08 (d22)
[23.12, 14, 303]

C9:6
C6:8
C30:9
C32:6
[23.308, 309]

0:33�5:5 [23.310]
dno=dT D 0:141 [23.311]f

dno=dT D 2:0 [23.312]g

dne=dT D 3:85 [23.311]f

dne=dT D 7:6 [23.312]g

2.2340
4:91296
0:116275
0:048398
0:0273 [23.311]i

–
–

2.1554
4:54528
0:091649
0:046079
0:0303 [23.311]i

–
–

�4:6
�25 [23.13, 14]
–
–

11:2 (5)
–
36:0 (5)
–
(for 10:7% MgO)
[23.313]

0:4�5 [23.314–316]
–
–

2.2272
4:9017
0:112280
0:049656
0:039636 [23.314, 315]i

–
–

2.1463
4:5583
0:091806
0:048086
0:032068 [23.314, 315]i

–
–

�4:69 [23.303]
j25j [23.13]
–
–

4:5
0:3
27
15
(all for rS at
3:39	m) [23.322]

0:4�5:5
–
–

2.1366 (1:058	m)
[23.323]

2.1406 (1:058	m)
[23.323]

�1:0˙ 0:2
�16˙ 2
C1:7˙ 0:2 [23.154, 324]
–

0:7�14 [23.329]
–
–

2.9458
1
6:585
0:16
0:1133
225 [23.329]j

–

2.7956
1
5:845
0:16
0:0202
225 [23.329]j

–

7:8 (10:6	m)
–
8:2 (10:6	m)
–
[23.3, 4, 295, 330]
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Table 23.14 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c12
c13
c14
(109 Pa)

d22
d31
d33
d15
dh
(10�12 C=N)

p11
p12
p13
p14
p31
p33
p41
p44

Silver arsenic sulfide,
Ag3AsS3 (proustite)

5:63
2�2:5
–
–

20:2 (2)
20:2 (2)
21:5
22:0 [23.325]

56:76
37:0
9:12
30:4
30:4
�0:16 [23.325]

12:1
�13:8
30
�20 [23.325]
–

j0:056j
j0:082j
j0:068j
–
j0:103j
j0:100j
j � 0:01j (1150 nm)
–
[23.331, 332]

Thallium arsenic se-
lenide,
Tl3AsSe3 (TAS)

7:83
2�3
–
–

[23.339] [23.339]

Tourmaline,
.Na;Ca/.Mg; Fe/3B3Al6
Si6.O;OH; F/31

3:0�3:2
7�7:5
3:03 (? c)
2:92 (k c)
(125 ıC)
[23.344]d

6:3e [23.284]
7:1e [23.284]
8:2 [23.345]
7:5 [23.345]

277 (19)
163 (11)
64 (3)
65 (24)
32 (20)
�6:9 (25)
[23.7]

�0:3 [23.345]
�0:34 [23.345]
�1:8 [23.345]
�3:6 [23.345]
4:00 (6)
[23.346, 347]
[23.346, 347]

a These values are approximately the constant-field values cE
b pE at constant electric field
c cE at constant electric field
d The thermal conductivities have been interpolated from �.? c/ D 0:108� T0:556 and �.k c/ D 0:492� T0:297, valid for temperature ranges
of 398:2�723:2K and 393:2�729:2K, respectively [23.344]
e These values for "ij are neither at constant stress nor at constant strain
f Fabricated by vapor transport equilibration (VTE)
g Stoichiometric melt
h,i,j,k Dispersion relations (� (	m), T D 20 ıC):
h n2 D AC B

�2
�C

�D�2 CE�4 �F�6

i n2 D AC B
�2

�C
�D�2

j n2 D AC B�2

�2
�C

C D�2

�2
�E

k n2 D AC B
�2

�C
C D

�2
�E
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT22

rT33

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E
F

ne
A
B
C
D
E
F

d31
d33
d22
d15
(10�12 m=V)

2:0 [23.333, 334]
1:05 (4) [23.335]
0:22 [23.333, 334]
3:4 (5) [23.335]

0:6�13 [23.336]
–
–

2.8163
9:220
0:4454
0:1264
1733
1000 [23.337]k

–

2.5822
7:007
0:3230
0:1192
660
1000 [23.337]k

–

10:4 (10:6	m)
–
16:6 (10:6	m)
10:8 (10:6	m)
[23.336, 338]

1:28�17 [23.340]
�4:52 [23.341]
C3:55 [23.341]

3.331 (11	m)
1
10:210
0:197136
0:522
625 [23.341]j

–

3.152 (11	m)
1
8:993
0:197136
0:308
625 [23.341]j

–

deff SHG 10:6	m:
67:5 [23.338, 340]
36:5 [23.295, 340]
29 [23.342]
20 [23.343]

rS13 D 1:7 [23.348]
rT22 D 0:3 (589 nm)
[23.349]
rS33 D 1:7 [23.348]

1.6274
1
1:6346
0:010734
0 [23.350]j

–
–

1.6088
1
1:57256
0:011346
0 [23.350]j

–
–

0:13 (3)
0:47 (6)
0:07 (1)
0:23 (4) [23.323]
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Table 23.15 Tetragonal, point group 4=mmm (D4h) materials

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Elastic compliance
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tan ı1 c11
c33
c44
c66
c12
c13
(109 Pa)

s11
s33
s44
s66
s12
s13
(10�12 Pa�1)

p11
p12
p13
p31
p33
p44
p66

Magnesium fluoride,
MgF2

3:177
6
21 (? c)
30 (k c)
[23.205]

5:85
4:87 [23.25]a

138 (7)
201 (10)
56:5 (5)
96 (2)
88 (7)
62 (4) [23.7]

12:6 (1)
6:0 (3)
17:7 (2)
10:5 (2)
�7:2 (2)
�1:7 (1) [23.7]

0:041
0:119
0:078
�0:099
0:014
–
�0:0475 [23.351]

Titanium dioxide,
TiO2 (rutile)

4:26
6�6:5
8:8 (? c)
(40 ıC)
12:6 (k c)
[23.264]

85
190 [23.81]a

0:017 [23.81]
–

269 (3)
480 (5)
124 (1)
192 (2)
177 (4)
146 (6) [23.7]

6:8 (3)
2:60 (1)
8:06 (5)
5:21 (5)
�4:0 (3)
�0:85 (3) [23.7]

0:012 (4)
0:162 (16)
�0:157 (12)
�0:092 (9)
�0:059 (3)
0:020
�0:060 [23.352]

Yttrium vanadate,
YVO4 (YVO)

4:22
5
5:32 (? c)
5:10 (k c)
[23.58]

a These values for "ij are neither at constant stress nor at constant strain
b,c,d Dispersion relations (� (	m), T D 20 ıC):
b n2o D 1:27620C 0:60967�2

�2
�0:086362

C 0:0080�2

�2
�18:02

C 2:14973�2

�2
�25:02

; n2e D 1:25385C 0:66405�2

�2
�0:0885042

C 1:0899�2

�2
�22:22

C 0:1816�2

�2
�24:42

C 2:1227�2

�2
�40:6

c n2 D AC B�2

�2
�C

C D�2

�2
�E

d n2 D AC B
�2

�C
�D�2



Dielectrics and Electrooptics 23.4 Tables of Numerical Data for Dielectrics and Electrooptics 847
Part

D
|23.4

General optical properties Refractive index Nonlinear dielectric
susceptibility

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

�.3/

0:12�7:5
0:17 (0:4	m)
0:23 (0:4	m) [23.25]

1.48 (0:150	m)
1.423 (0:200	m)
1.3776 (0:590	m)
1.373 (1:05	m)
1.32 (6:00	m)
1.29 (7:50	m)
For dispersion relations,
see [23.41]b

1.49 (0:150	m)
1.437 (0:200	m)
1.3894 (0:590	m)
1.385 (1:05	m)
1.33 (6:00	m)
1.30 (7:50	m)
For dispersion relations,
see [23.41]b

[23.25]

0:42�4:0 [23.83]
0:4 (0:4	m) [23.353]
�0:9 (0:4	m) [23.353]

2.4851
5:913
0:2441
0:0803
0 [23.353]c

–

2.7488
7:197
0:3322
0:0843
0 [23.353]c

–

[23.354]

0:4�5
0:85
0:3 [23.355]

1.9573
3:77834
0:069736
0:04724
0:0108133 [23.355]d

–

2.1652
4:59905
0:110534
0:04813
0:0122676 [23.355]d

–
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Table 23.16 Tetragonal, point group 4=m (C4h) materials

General Elastic stiffness tensor Elastic compliance
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

c11
c33
c44
c66
c12
c13
c16
(109 Pa)

s11
s33
s44
s66
s12
s13
s16
(10�12 Pa�1)

p11
p12
p13
p16
p31
p33
p44
p45
p61
p66

Lead molybdate, PbMoO4 6:95
2:5�3
150 (? c)
150 (k c)
[23.356]

107:2 (19)
93:2 (13)
26:4 (3)
34:8 (8)
61:9 (55)
52:0 (8)
�15:8 (18)
[23.7]

20:8 (2)
16:3 (8)
37:9 (4)
42:3 (20)
�11:8 (6)
�5:0 (5)
14:8 (12)
[23.357]

0:253 (23)
0:253 (23)
0:273 (43)
0:015 (4)
0:163 (20)
0:298 (12)
0:04 (0)
�0:01 (0)
0.025 (21)
0.046 (5)
(477�633 nm) [23.358]

Yttrium lithium fluoride,
YLiF4 (YLF)

3:995
4�5
7:2 (? c)
5:8 (k c)
[23.360]

121
156
40:9
17:7
60:9
52:6
�7:7 [23.361]

12:8
7:96
24:4
63:6
�6:0
�2:3
8:16 [23.361]

a,b Dispersion relations (� (	m), � > 0:5	m, T D 20 ıC):
a n2 D AC B�2

�2
�C

b n2 D AC B�2

�2
�C C D�2

�2
�E
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General optical properties Refractive index

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C

ne
A
B
C

0:42�5:5 [23.359]
�.3:0˙ 0:2/no
�.1:8˙ 0:2/ne [23.356]

2.38 (633 nm) [23.359]
1
4:0650407
0:0536585 [23.356]a

2.25 (633 nm) [23.359]
1
3:7037037
0:0400000 [23.356]a

0:18�6:7
�0:2
�0:43 [23.355]

1.448
1:38757
0:70757
0:00931
0:18849
50:99741 [23.355]b

1.470
1:31021
0:84903
0:00876
0:53607
134:9566 [23.355]b
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Table 23.17 Tetragonal, point group 422 (D4) materials

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tan ı1

tan ı3

(f (kHz))

c11
c33
c44
c66
c12
c13
(109 Pa)

d14
(10�12 C=N)

p11
p12
p13
p31
p33
p44
p66

Tellurium dioxide, TeO2

(paratellurite)
5:99
4
3:0 (3) [23.362]
–

22:7 [23.363]
24:9a [23.364]
22:9 (10)
[23.363]
24:7 (15)
[23.363]

0:0011
0:012
(100 kHz)
[23.363]

55:9 (2)
105:5 (4)
26:7 (2)
66:3 (4)
51:6 (3)
23:9 (22) [23.7]

8:13 (70)
[23.363]

0:007
0:187
0:340
0:091
0:240
�0:17
�0:046 [23.365]

a This value for "33 is neither at constant stress nor at constant strain
b Dispersion relation (� (	m), T D 20 ıC): n2 D AC B�2

�2
�C

C D�2

�2
�E



Dielectrics and Electrooptics 23.4 Tables of Numerical Data for Dielectrics and Electrooptics 851
Part

D
|23.4

Electrooptic tensor General optical properties Refractive index Nonlinear dielectric susceptibility

rT41
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d14
(10�12 m=V)

0:62 [23.366] 0:35�6 [23.367]
0:9 (0:644	m)
0:8 (0:644	m) [23.368]

2.2005
1
2:584
0:0180
1:157
0:0696 [23.368]b

2.3431
1
2:823
0:0180
1:542
0:0692 [23.368]b

0:39 [23.369]
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Table 23.18 Tetragonal, point group N42m (D2d) materials

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c66
c12
c13
(109 Pa)

d14
d36
(10�12 C=N)

p11
p12
p13
p31
p33
p44
p66

Ammonium dideuterium
phosphate,
ND4D2PO4 (AD�P, DADP)

1:885
[23.370, 371]
–
–
–

70a [23.372]
26a [23.372]
72 [23.373]
22 [23.373]

0:003
0:015
(1 kHz)
[23.372]

62:1
29:9
9:1
6:1
�5
14 [23.373]b

10
75 [23.373]

–
–
–
–
–
–
0:04 [23.374, 375]

Ammonium dihydrogen
arsenate,
NH4H2AsO4

(ADA)

2:310
–
–
–

74 [23.382]
13 [23.382]
75 [23.383]
14 [23.383]

67:5
30:2
6:85
6:39
�10:6
16:5 [23.384]

36:5
27:5
[23.385, 386]

Ammonium dihydrogen
phosphate,
NH4H2PO4 (ADP)

1:80
2:0
1:26 (? c)
0:71 (k c)
(315K)
[23.264]

55:5 (15)
15:0 (5)
56:0 (15)
15:5 (5)
[23.107, 108]

0:001
0:004
(1 kHz)
[23.372]

67:3 (27)
33:7 (7)
8:6 (2)
6:02 (6)
5:0 (13)
19:8 (6) [23.7]

1:76
48:31 [23.388]

0:302 (12)
0:252 (17)
0:204 (33)
0:191 (6)
0:219 (49)
�0:058
�0:088 (17)
(589�633 nm)
[23.389]

Cadmium germanium
arsenide, CdGeAs2

5:60
3:5�4
4:18 [23.156]
–

98:0
86:6
43:2
42:3
60:5
59:6 [23.392]

Cadmium germanium
phosphide, CdGeP2

Cesium dideuterium
arsenate,
CsD2AsO4 (CD�A, DCDA)

–
–
74
61 [23.372]c,d

0:57
0:38
(1 kHz)
[23.372]c,d

10:5
125:4
[23.396]c

0:223
0:271
0:160
0:206
0:133
�0:061 [23.397, 398]
–
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT41

rT63
(10�12 m=V)

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d36
(10�12 m=V)

0:22�1:7
[23.376–379]
–
–

1.5049
2:279481
1:215879
57:97555433
0:010761
0:013262977 [23.376]e

1.4659
2:151161
1:199009
126:6005279
0:009652
0:009712103 [23.376]e

0:43 (0:6943	m)
[23.380, 381]

33:5 (550 nm)
9:2 (550 nm)
[23.292, 372]

0:22�1:2 [23.376]
�4:56 [23.387]
1:25 [23.387]

1.5550
2:443449
2:017752
57:83514282
0:016757
0:018272821[23.376]e

1.5081
2:275962
1:59826
126:8851303
0:014296
0:016560859 [23.376]e

0:43 [23.376]

26:0 (633 nm)
8:7 (633 nm)

0:18�1:53 [23.376, 390]
�4:93 [23.387]
0 [23.387]

1.5065
2:302842
15:102464
400
0:01112165
0:013253659 [23.391]e

1.4681
2:163510
5:919896
400
0:009616676
0:012989120 [23.391]e

0:47 [23.12, 14]

2:5�15 [23.393]
–
–

3.5046 (10:6	m)
10:1064
2:2988
1:0872
1:6247
1370 [23.213]f

3.5911 (10:6	m)
11:8018
1:2152
2:6971
1:6922
1370 [23.213]f

282 (10:6	m)
[23.393, 394]

0:9�12 [23.394]
–
–

3.1422 (10:6	m)
5:9677
4:2286
0:2021
1:6351
671:33 [23.395]f

3.1563 (10:6	m)
6:1573
4:0970
0:2330
1:4925
671:33 [23.395]f

100 (10:6	m)
[23.394]

–
38:8 (700 nm)
[23.399]

0:27�1:66 [23.400]
�2:33 [23.387]
�1:67 [23.387]

1.5499
2:40817
2:2112173
126:871163
0:015598
0:019101728 [23.376]e

1.5341
2:345809
0:651843
127:3304614
0:015141
0:016836101 [23.376]e

0:402 [23.400]
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Table 23.18 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c66
c12
c13
(109 Pa)

d14
d36
(10�12 C=N)

p11
p12
p13
p31
p33
p44
p66

Cesium dihydrogen
arsenate,
CsH2AsO4 (CsDA, CDA)

3:53
–
–
–

58:0a [23.401]d

34:0a [23.401]d

61 [23.372]d

29 [23.372]d

15
13
(1 kHz)
[23.372]

51:6
39:9
6:66
1:7
0:56
1:33
[23.402, 403]

5:6 (10)
123 (8)
[23.404, 405]

0:238 (58)
0:225 (0)
0:211 (19)
0:200 (4)
0:220 (12)
� 0:042
j0:065j (633 nm)
[23.397, 398]

Cesium lithium borate,
CsLiB6O10 (CLBO)

–
4
–
–

Copper gallium selenide,
CuGaSe2

Copper gallium sulfide,
CuGaS2

4:45
–
–
–

9:3a

10a [23.104]

Potassium dideuterium
arsenate,
KD2AsO4 (KD�A, DKDA)

2:890 [23.411]c

–
–
–

71a

33a,d [23.372]
(� 90%
deuterated)

0:02
0:20
(1 kHz)
[23.372]d

(� 90%
deuterated)

74:6
69:3
9:88
6:17
12:4
33:9 [23.412]

22:5
24:8 [23.412]
(� 90%
deuterated)

Potassium dideuterium
phosphate,
KD2PO4 (KD�P, DKDP)

2:355
2:5
2:09 (? c)
1:86 (k c)
[23.376]

47:1 (24)a

[23.187]c

48 [23.382]c

–
50 (2) [23.414]c

0:0068 (17)
0:0072 (18)
(1GHz)
[23.304]c

67:4
54:5
12.6
5:94
�5:8
12:2 [23.415]

–
58 [23.414]c

0:241
0:247
0:245
0:236
0:245
� 0:035
�0:072 [23.416, 417]

Potassium dihydrogen
arsenate,
KH2AsO4 (KDA)

2:87
–
–
–

53 [23.421]
18 [23.421]
53:7 [23.422]
21:0 [23.422]

0:007
0:008
(10GHz)
[23.421]

64:8
48:2
10:75
6:63
0:77
13:6 [23.423]

17:1
19:1 [23.412]

–
–
–
–
–
–
0:020 [23.374, 375]
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT41

rT63
(10�12 m=V)

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d36
(10�12 m=V)

–
19:1 (700 nm)
[23.292]

0:26�1:43 [23.400]
� 2:87 [23.387]
� 2:21 [23.387]

1.5514
2:420405
1:403336
57:82416181
0:016272
0:018005614 [23.376]e

1.5356
2:350262
0:685328
127:2688578
0:015645
0:014820871 [23.376]e

0:402 [23.400]

0:18�2:75 [23.406]
�0:104�2 C0:035��1:291
[23.407]
0:331�2 � 0:243� � 0:84
[23.407]

1.4854
2:2145
0:00890
0:02051
0:01413 [23.407]g

–

1.4352
2:0588
0:00866
0:01202
0:00607 [23.407]g

–

0:86 [23.406]

0:73�17 [23.408]
–
–

2.8358 (1:0	m)
2.7430 (2:0	m)
2.7133 (6:0	m) [23.408]

2.8513 (1:0	m)
2.7510 (2:0	m)
2.7192 (6:0	m)
[23.408]

27 (10:6	m) [23.408]

1:76 (633 nm)
–
[23.104]

0:52�12 [23.409]
5:9 [23.410]
6:0 [23.410]

2.4360 (10:6	m)
4:0984
2:1419
0:1225
1:5755
738:43 [23.409]f

2.4201 (10:6	m)
4:4834
1:7316
0:1453
1:7785
738:43 [23.409]f

9:0 (10:6	m)
[23.409]

–
18:2 (550 nm)
[23.292]

0:22�2:3 [23.413]
–
–

0:39 [23.376]

8:8 (4) (546 nm)
[23.418]
25:8 (633 nm)
[23.419]

0:2�2:1 [23.377, 420]
� 3:1 [23.387]
� 2:1 [23.387]

1.4928
1:661145
0:586015
0:016017
0:691194
30 [23.395]f

1.4555
1:687499
0:44751
0:017039
0:596212
30 [23.395]f

0:37 [23.12, 14]

12:5 (550 nm)
10:9 (550 nm)
[23.372, 399]

0:216�1:67
[23.376, 377, 380, 381]
�3:95 [23.387]
�2:27 [23.387]

1.5509
2:424647
3:742954
126:9036045
0:015841
0:018624061 [23.376]e

1.5059
2:262579
0:769288
127:0537007
0:013461
0:016165851 [23.376]e

0:41 [23.221]
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Table 23.18 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c66
c12
c13
(109 Pa)

d14
d36
(10�12 C=N)

p11
p12
p13
p31
p33
p44
p66

Potassium dihydrogen
phosphate,
KH2PO4 (KDP)

2:3383
2:5
1:34 (? c)
(42 ıC)
1:21 (k c)
[23.264]

42:5 (15)
20:0 (5)
43:2 (15)
20:8 (5)
[23.107, 108]

0:004
(9:2GHz)
[23.424]
0:0005
(1GHz)
[23.107,
108]

71:2 (14)
57 (1)
12:6 (4)
6:2 (1)
�5:0 (11)
14.1 (14) [23.7]

3:5 (15)
22:4 (10)
[23.404, 405]

0:256 (18)
0:254 (19)
0:224 (34)
0:227 (8)
0.200 (54)
�0:265 (10)
�0:063 (6)
(589�633 nm)
[23.416, 417]

Rubidium dideuterium
arsenate, RbD2AsO4

(RbD�A, RD�A, DRDA)

3:333
–
–
–

72a

41a,c [23.372]
1:6
2:3
(1 kHz)
[23.372]c

49:3
38:6
9:48
4:08
�19:3
4:9 [23.429]

14:6
45:8c

[23.429]

Rubidium dideuterium
phosphate, RbD2PO4

(RbD�P, RD�P, DRDP)

–
72a

[23.430, 431]

[23.432, 433]c 3:3 (3)
52 (1)

Rubidium dihydrogen
arsenate, RbH2AsO4

(RbDA, RDA)

3:28
–
–
–

54:5a

28:5a [23.435]
2:1
5:2 [23.435]

51:0
39:2
10:4
4:31
�18:9
2:3 [23.429]

9:9
28:5
[23.401, 429]

0:227
0:239
0:200
0:205
0:182 [23.436, 437]
–
0:023 [23.374, 375]

Rubidium dihydrogen
phosphate, RbH2PO4

(RbDP, RDP)

2:805
–
–
–

42:0
26:5
41:4
27
[23.441, 442]

0:034
0:051
(38:6GHz)
[23.441,
442]

63 (7)
50:0 (55)
10:6 (7)
3:56 (7)
�6:0 (6)
10:6 (72) [23.7]

4:0 (3)
37 (1)
[23.432, 433]

0:247
0:265
0:248
0:229
0:248
�0:032
�0:032 [23.416, 417]

Silver gallium selenide,
AgGaSe2

5:71
3�3:5
1:1 (? c)
1:0 (k c)
[23.205]

–
–
10:5
12:0 [23.445]

9:0
3:7 [23.445]



Dielectrics and Electrooptics 23.4 Tables of Numerical Data for Dielectrics and Electrooptics 857
Part

D
|23.4

Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT41

rT63
(10�12 m=V)

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d36
(10�12 m=V)

�8:277 (7)
(589 nm)
C10:22
(589 nm) [23.425]

0:174�1:57
[23.390, 420, 426]
�3:4 [23.387]
�2:87 [23.387]

1.4938
2:259276
0:01008956
0:012942625
13:00522
400 [23.427, 428]f

1.4599
2:132668
0:008637494
0:012281043
3:2279924
400 [23.427, 428]f

0:39 [23.12, 14]

–
21:4 (550 nm)
[23.399]

0:26�1:7 [23.376]
–
–

1.5392
2:373255
1:979528
126:9867549
0:01543
0:015836964 [23.376]e

1.5091
2:270806
0:275372
58:08499107
0:013592
0:01596609 [23.376]e

0:31 [23.376]

0:22�1:5 [23.376, 434]
–
–

1.4913
2:235596
0:010929
0:001414783
2:355322
126:8547185 [23.376]e

1.4681
2:152727
0:010022
0:001379157
0:691253
127:0144778 [23.376]e

0:38 [23.376]

13:5 (550 nm)
[23.372]
14:8 (550 nm)
[23.399]

0:26�1:46 [23.438]
�3:37 [23.387]
�2:21 [23.387]

1.5405
2:390661
3:487176
126:7648558
0:015513
0:018112315 [23.376]e

1.5105
2:27557
0:720099
26:6309092
0:013915
0:01459264 [23.376]e

0:4 (0:694	m)
[23.439, 440]

10:3
14:3 [23.443, 444]

0:22�1:5 [23.376, 434]
�3:74 [23.387]
�2:73 [23.387]

1.4926
2:249885
0:01056
0:007780475
3:688005
127:1998253 [23.376]e

–

1.4700
2:159913
0:009515
0:00847799
0:988431
127:692938 [23.376]e

–

0:36 [23.439]

4:5 (1:15	m)
3:9 (1:15	m)
[23.446]

0:71�18 [23.447]
4:5 (3:39	m) [23.448]
7:6 (3:39	m) [23.448]

2.7008
4:6453
2:2057
0:1879
1:8377
1600 [23.213]f

–

2.6800
5:2912
1:3970
0:2845
1:9282
1600 [23.213]f

–

33 (10:6	m) [23.12, 14]
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Table 23.18 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c66
c12
c13
(109 Pa)

d14
d36
(10�12 C=N)

p11
p12
p13
p31
p33
p44
p66

Silver gallium sulfide
(silver thiogallate),
AgGaS2

4:58
3�3:5
1:5 (? c)
1:4 (k c)
[23.205]

10
14 [23.449]a

87:9
75:8
24:1
30:8
58:4
59:2
[23.450, 451]

Urea, .NH2/2CO 1:318
<2:5
–
–

5�8a [23.43] 23:5
51:0
6:2
0:50
�0:50
7:5 [23.456]

Zinc germanium
diphosphide, ZnGeP2

4:12
5:5
35 (? c)
36 (k c)
[23.205]

15
12 [23.104]a

[23.461, 462]

a These values for "ij are neither at constant stress nor at constant strain
b The elastic stiffness constants were measured at constant electric field .cE/
c May be only partially deuterated
d Adhav and Vlassopoulous [23.372] measured arsenates with low resistivity (� 108 � cm), and as a result their tan ı values are high and "

may also be high. The data for RDA in [23.372] are incorrectly labeled ADA (remarks of the compiler)
e,f,g,h Dispersion relations (� (	m), T D 20 ıC):
e n2 D AC B�2

�2
�C

C D
�2

�E
f n2 D AC B�2

�2
�C

C D�2

�2
�E

g n2 D AC B
�2

�C
�D�2

h n2 D AC B
�2

�C
C D.�2

�E/

.�2
�E/CF
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Part

D
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT41

rT63
(10�12 m=V)

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E

ne
A
B
C
D
E

d36
(10�12 m=V)

4:0 (2)
3:0 (1) [23.452]

0:47�13 [23.453]
For dn=dT ,
[23.454, 455]

2.4540
3:40684
2:40065
0:09311
2:06248
950 [23.455]f

–

2.4012
3:60728
1:94792
0:11066
2:24544
1030:7 [23.455]f

–

17:5 (1:06	m) [23.12, 14]
11:2 (10:6	m) [23.12, 14]

C1:03 (633 nm)
�0:75 (633 nm)
[23.457]

0:2�1:8 [23.458]
–
–

1.4811
2:1823
0:0125
0:03
0 [23.459]h

–
–

1.5825
2:51527
0:0240
0:03
0:0202
1:52
0:08771 [23.459]h

1:18 (0:6	m) [23.458, 460]

1:8 (5	m)
–
[23.463]

0:74�12 [23.464]
21:18 [23.410]
23:01 [23.410]

3.2324
4:4733
5:26576
0:13381
1:49085
662:55 [23.465, 466]f

–

3.2786
4:63318
5:34215
0:14255
1:45785
662:55 [23.465, 466]f

–

69 (10:6	m) [23.12, 464]
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Table 23.19 Tetragonal, point group 4mm (C4v ) materials

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� ? c
� k c
(W=.mK/)

"S
11

"S
33

"T
11

"T
33

tanı1

tanı3

(f (kHz))

c11
c33
c44
c66
c12
c13
(109 Pa)

d31
d33
d15
dh
(10�12 C=N)

p11
p12
p13
p31
p33
p44
p66

Barium titanate, BaTiO3
a 6:02

–
1:34 [23.46]
–

1970
109
2920
168 [23.467]

0:13
–
(24GHz)
[23.468]

243
147:9
54:9
120
128
123 [23.469]b

�33:4
C68:5
647:0 [23.469]
–

[23.449, 470]

Lead titanate, PbTiO3 7:9
–
–
–

102 (3)
33:5 (10)
130�140
105�110
[23.475]

0:02�0:05
0:02�0:05
(0:1GHz)
[23.475]

sE11 D 7:2
sE33 D 32:5
sE44 D 12:2
sE66 D 7:9
sE12 D �2:1
[23.476, 477]c

�25
C117
61 [23.476,
477]
–

Lithium tetraborate,
Li2B4O7

2:44
5
–
–

78:80
71:45
82:61
87:92 [23.480]

130:9 (42)
55:4 (11)
57:3 (14)
46:4 (7)
1:5 (12)
30 (4) [23.7]

Potassium lithium niobate,
K3Li2Nb5O15 (KLINBO)

4:3
–
–
–

271
83
306
115
(405 ıC)
[23.485]d

220
109
68
70
74
59 [23.485]b,d

�14
57
68 [23.485]d

–

a Top-seeded solution grown (TSSG) BaTiO3
b The elastic stiffness constants were measured at constant electric field .cE/
c Units not specified in original, but probably 10�12 Pa�1

d The stoichiometry was K2:89Li1:55Nb5:11O15 instead of K3Li2Nb5O15
e,f Dispersion relations (� (	m), T D 20 ıC):
e n2 D AC B

�2
�C

�D�2

f n2 D AC B
�2

�C
C D.�2

�E/

.�2
�E/CF
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Part

D
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT33

rT51
(10�12 m=V)
at � D 633 nm

Transparency range (�m)
dno=dT (10�5 K�1)
dne=dT (10�5 K�1)

no
A
B
C
D
E
F

ne
A
B
C
D
E
F

d31
d33
(10�12 m=V)

8
105
1300 [23.471]

0:14�10
–
–

2.3218
1
4:195
0:04964
0 [23.472]e

–
–

2.2894
1
4:073
0:04456
0 [23.472]e

–
–

�14:4
�5:4 [23.473, 474]

13:8 .rS13/
5:9 .rS33/ [23.478]

0:6�6 [23.479]
–
–

2.5715
1
5:359
0:0502
0 [23.479]e

–
–

2.5690
1
5:365
0:0471
0 [23.479]e

–
–

C35:3
�7:0 [23.479]

C3:74
C3:67
�0:11 [23.481]

0:17�3:5 [23.482, 483]
� 0:1 [23.483]
� 0:3 [23.483]

1.5968 (1:1	m)
2:564310
0:012337
0:013103
0:019075 [23.483]f

–
–

1.5422 (1:1	m)
2:386510
0:010664
0:012878
0:012813 [23.483]f

–
–

0:12
0:93 [23.484]

8:9 [23.486, 487]
78 [23.486, 487]
80 [23.488]

0:4�5 [23.486, 487, 489]
–
–

2.208
1
3:708
0:04601
0 [23.323]e

–
–

2.112
1
3:349
0:03564
0 [23.323]e

–
–

11:8 (0:8	m) [23.489]
10:5 [23.486, 487]
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Table 23.20 Orthorhombic, point group mmm (D2h) materials

General Static dielectric
tensor

Dissipation
factor

Elastic stiffness
tensor

Elastic
compliance

Piezooptic tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"11

"22

"33

tanı1 c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

s11
s22
s33
s44
s55
s66
s12
s13
s23
(10�12 Pa�1)

Magnesium silicate,
Mg2SiO4 (forsterite)

3:217
7
5:12 [23.344]

6:2a [23.43] 328:5 (13)
200:0 (1)
235:3 (7)
66:9 (6)
81:3 (1)
80:9 (2)
68:0 (16)
68:7 (7)
72:8 (6) [23.7]

3:37
5:84
4:93
15:0
12:3
12:4
�0:85
�0:71
�1:56 [23.7]

q11 C q12 C q13 D 0:16
q21 C q22 C q23 D 0:20
q31 C q32 C q33 D 0:27
(589 nm) [23.490]

Yttrium aluminate,
YAlO3 (YAP, YALO)

5:35
8:5
11 [23.260]

16�20a [23.58] 0:001 [23.58]

a It is not clear which relative dielectric constant "ij is specified
b Dispersion relation (� (	m), T D 20 ıC): n2 D AC B�2

�2
�C
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Part

D
|23.4

General optical Refractive index

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C

nY
A
B
C

nZ
A
B
C

0:27�5:9 [23.88]
1:45 [23.491]
–
0:98 [23.491]

1.9111 (1	m)
1
2:61960
0:012338 [23.492]b

1.9251 (1	m)
1
2:67171
0:012605 [23.492]b

1.9337 (1	m)
1
2:70381
0:012903 [23.492]b
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Table 23.21 Orthorhombic, point group 222 (D2) materials

General Static dielectric
tensor

Elastic stiffness Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3) "S
11

"S
22

"S
33

"T
11

"T
22

"T
33

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d14
d25
d36
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

Barium formate,
Ba.COOH/2

3:261 6:9a [23.493, 494]
6:7a [23.493, 494]
5:2a [23.493, 494]
7:9 [23.345]
5:9 [23.345]
7:5 [23.345]

sE44 D 78:5
sE55 D 60
sE66 D 82:5
[23.345]

�5:6 (5)
�10:2 (10)
C1:9 (1)
[23.8, 495]

Cesium triborate,
CsB3O5 (CBO)

3:357

˛-Iodic acid, HIO3 4:64 7:5
12:4
8:1 [23.345]a

57(2)
43 (1)
30:0 (3)
21 (1)
16 (1)
17:8 (13)
6 (3)
15 (2)
11:5 (5) [23.7]

�26.1/

�18 (1)
C28 (1)
[23.8, 499]

0:418 (16)
0:308 (330)
0:313 (56)
0:304 (36)
0:322 (31)
0:307 (57)
0:527 (48)
0:340 (31)
0:377 (103)
�0:077 (66)
0:107 (12)
0:092 (8) [23.11]

3-Methyl 4-nitropyridine
1-oxide, C6N2O3H6

(POM)

1:55 3:77
5:41
3:77 [23.505]a

13:29
18:14
12:20
7:8
5:2
5:4
4:9
�2:6
10:6 [23.506]

0:45
0:53
0:49
0:53
0:57
0:42
0:36
0:70
0:64
�0:078
�0:074
�0:046 (514:5 nm)
[23.506]
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Part

D
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT41

rT52

rT63
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D

nY
A
B
C
D

nZ
A
B
C
D

d14
d25
d36
(10�12 m=V)

C1:81 (18)
�2:03 (20)
C0:48 (10) [23.495]

0:245�2:2,
4:8�5:1 [23.496]
–
–
–

1.6214
2:619
0:0177
0:039
0 [23.496]b

1.5819
2:491
0:0184
0:035
0 [23.496]b

1.5585
2:421
0:016
0:042
0 [23.496]b

0:10
0:11
0:11 [23.496]

0:170�3:0 [23.497]
–
–
–

1.5194
2:3035
0:01378
0:01498
0:00612 [23.498]b

1.5505
2:3704
0:01528
0:01581
0:00939 [23.498]b

1.5781
2:4753
0:01806
0:01752
0:01654 [23.498]b

1:5 [23.497]
–
–

6:6 (3)
7:0 (5)
6:0 (3) [23.500, 501]

0:35�1:6 E k a
0:35�2:2 E k c
[23.502, 503]
–
–

1.8129
2:5761
0:6973
0:05550736
0:0201 [23.503]c

1.9273
2:4701
1:2054
0:05044516
0:0152 [23.503]c

1.9500
2:6615
1:1316
0:05202961
0:0398 [23.503]c

8:3 [23.504]
–
–

j3:6.6/j
j5:1.4/j
j2:6.3/j [23.507]

0:4�3:3 [23.508]
–
–
–

1.625
2:4529
0:1641
0:128
0 [23.508]c

1.668
2:4315
0:3556
0:1276
0:0579 [23.508]c

1.829
2:5521
0:7962
0:1289
0:0941 [23.508]c

5:3�6:0 [23.508]
–
–
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Table 23.21 (continued)

General Static dielectric
tensor

Elastic stiffness Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3) "S
11

"S
22

"S
33

"T
11

"T
22

"T
33

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d14
d25
d36
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

Potassium sodium
tartrate tetrahydrate,
KNa.C4H4O6/ 	 4H2O
(Rochelle salt)

1:767 245
–
–
1100
11:1
9:2 [23.345]

40 (16)
55 (25)
63 (23)
11:9 (38)
3:1 (2)
10:0 (16)
24 (29)
32 (20)
23:8 (438)
[23.7]

2300
�56
11:8 [23.345]

0:35
0:41
0:42
0:37
0:28
0:34
0:36
0:35
0:36
�0:030
0:0046
�0:025 (589 nm) [23.509]

Sodium ammonium
tartrate tetrahydrate,
Na.NH4/C4H4O6 	 4H2O
(Ammonium Rochelle salt)

10 (1)a

10 (1)a

10 (1)a [23.516]
9:0
8:9
10:0 [23.345]

36:8
50:9
55:4
10:6
3:03
8:70
27:2
30:8
34:7 [23.345]

� 13
38
� 7
[23.517, 518]

�0:48
�0:61
�0:68
�0:55
�0:76
�0:83
�0:44
�0:57
�0:71
0:0077
0:013
�0:0026 (589 nm)
[23.519]

a The relative dielectric constant "ij was measured neither at constant stress nor at constant strain
b,c Dispersion relations (� (	m), T D 20 ıC):
b n2 D AC B

�2
�C

�D�2

c n2 D AC B�2

�2
�C

�D�2
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Part

D
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT41

rT52

rT63
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D

nY
A
B
C
D

nZ
A
B
C
D

d14
d25
d36
(10�12 m=V)

8:3 [23.510, 511]
–
–

< 250 nm to > 850 nm
�6:54 [23.512, 513]
�5:57 [23.512, 513]
�6:00 [23.512, 513]

1.49540
(585 nm) [23.514]
1.5622
(260 nm)
[23.512, 513]

1.49183
(585 nm) [23.514]
1.5576
(260 nm)
[23.512, 513]
A D 1
B D 1:1851057
C D 0:0113636
D D 0
[23.512, 513]c

1.49001
(585 nm) [23.514]
1.5566
(260 nm)
[23.512, 513]

�.3/
zzzz D 0:8�10�22 m2=V2

�.3/
xxxx D 0:4�10�22 m2=V2

(at 576:8 and 627 nm)
[23.515]

r52 D 2:1
[23.520, 521]

1.4984
(589 nm)
[23.522, 523]

1.4996
(589 nm)
[23.522, 523]

1.4953
(589 nm)
[23.522, 523]
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Table 23.22 Orthorhombic, point group mm2 (C2v ) materials

General Static dielectric
tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"T
11

"T
22

"T
33

tanı1

tanı2

tanı3

(T (ıC),
f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d31
d32
d33
d15
d24
dh
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

Ammonium sulfate,
.NH4/2SO4

–
–
8a (�60 ıC)
[23.524, 525]

35:2
29:7
36:0
9:5
7:0
10:3
14:1
15:7
17:3 [23.526]

0:26 [23.527, 528]
j0:27j [23.526]
j0:26j [23.526]
j0:23j [23.526]
� j0:27j [23.526]
j0:25j [23.526]
j0:23j [23.526]
� j0:26j [23.526]
� 0:26 [23.526]
0:02 [23.526]
� j0:02j [23.526]
� 0:01 [23.11, 526]

Barium magnesium
fluoride, BaMgF4
(BMF)

14 [23.531]
8 [23.531]
8:5 [23.531]
14:75 (74)a

8:24 (41)a

8:40 (42)a

[23.532]

104
81
130
32:1
55:1
24:7
28:7
63:7
35:8 [23.532]

C2:5 (3)
�4:1 (4)
C8:0 (2)
�5:3 (5)
�1:2 (1) [23.532]
–

Barium sodium niobate,
Ba2NaNb5O15

(banana)

5:41
–
3:5 [23.533]

215
205
20
238 (5)
228 (5)
430 [23.534]b

0:0068 (17)
–
0:0024 (6)
(25 ıC, 1GHz)
[23.304]

239
247
135
65
66
76
104
50
52 [23.535]c

�6:8
�6:9
34
32
45 [23.536]
–

p66 D 0:0021
[23.537, 538]

Calcium tartrate
tetrahydrate,
Ca.C4H4O6/ 	 4H2O
(L-CTT)

14:3
10
20 [23.541]a

0.9
–
–
(30 ıC,
100Hz)
[23.541, 542]

m-Chloronitrobenzene,
ClC6H4NO2 (CNB)
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT23

rT33

rT42

rT51
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D
E
F

nY
A
B
C
D
E
F

nZ
A
B
C
D
E
F

d31
d32
d33
d15
d24
(10�12 m=V)

rc D 0:4
[23.529]

0:27
0:29
0:50 [23.530]
–
–

0:185�10 [23.496] 1.4436
2:077
0:0076
0:0079
0 [23.496]h

–
–

1.4604
2:1238
0:0086
0
0 [23.496]h

–
–

1.4674
2:1462
0:00736
0:009
0 [23.496]h

–
–

0:022
0:033
0:009
–
0:024 [23.496]

15 (1)
13 (1)
48 (2)
92 (4)
90 (4) [23.534]

0:37�5 [23.534, 539, 540]
�2:5 [23.534]
–
8 [23.534]

2.2573
1
3:9495
0:04038894
0 [23.534]i

–
–

2.2571
1
3:9495
0:04014012
0 [23.534]i

–
–

2.1694
1
3:6008
0:03219871
0 [23.534]i

–
–

�12
�12
�16:5
12
11:4 [23.534]

0:28�1:4 [23.543]
–
–
–

1.5125
1
1:26
0:0127273
0 [23.543]i

–
–

1.5220
1
1:30
0:0121495
0 [23.543]i

–
–

1.5477
1
1:38
0:0094521
0 [23.543]i

–
–

< 0:015
0:20
0:14
1:73
0:90 [23.543]

1.6557
2:4882
0:2384
0:1070
0:0091 [23.544]i

–
–

1.6626
2:5411
0:2148
0:1122
0:0135 [23.544]i

–
–

1.624
2:2469
0:3722
0:0810
0:0092 [23.544]i

–
–

4:6
4
7:8 [23.544]
–
–
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Table 23.22 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"T
11

"T
22

"T
33

tanı1

tanı2

tanı3

(T (ıC),
f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d31
d32
d33
d15
d24
dh
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

2-Cyclooctylamino-
5-nitropyridine,
C13H19N3O2 (COANP)

1:24
–
–

N,N-Dimethyl-
4-nitroaniline,
C8H10N2O2 (MNMA)

Gadolinium molybdate,
Gd2.MoO4/3 (GMO)

–
–
9:6
–
–
10:2 [23.550]

55 (4)
71 (3)
101 (3)
25:2 (8)
25:8 (2)
33:1 (3)
12:8 (46)
23:5 (45)
27:2 (76)
[23.7]c

1:5 [23.551]
0:2 [23.8]
0:5 [23.551]
–
–
–

0:19
0:31
0:175
0:215
0:235
0:175
0:185
0:23
0:115
�0:033
�0:028
0:035 [23.552]
(515�633 nm)

Lithium formate
monohydrate,
LiCOOH 	H2O (LFM)

1:46
–
–

3:24 [23.556, 557]
–
–
4:5 (5)a [23.558,
559]
5:0 (5)a [23.558,
559]
6:0 (3)a [23.558,
559]

19:15
33:55
41:98
15:02
5:31
4:89
8:62
8:40
22:77
[23.556, 557]c

�2:1 (2)
�6:7 (5)
C9:2 (7)
�15:0 (10)
C1:2 (2)
[23.558–561]
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT23

rT33

rT42

rT51
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D
E
F

nY
A
B
C
D
E
F

nZ
A
B
C
D
E
F

d31
d32
d33
d15
d24
(10�12 m=V)

0:63 [23.545]
–
–
–
–

0:41–: : : [23.546]
–
–
–

1.6100
2:3320
0:2215
0:1686
0 [23.546]i

–
–

1.6383
2:3994
0:2469
0:1500
0 [23.546]i

–
–

1.7170
2:5104
0:3689
0:1780
0 [23.546]i

–
–

11:3
24
10:8 [23.547, 548]
–
–

8˙ 2
–
7:5˙ 2 [23.549]
–
–

0:5�2 [23.549]
–
–
–

1.936
1:6797
1:7842
0:1571
0 [23.549]i

–
–

1.506
2:1798
0:0736
0:1757
0 [23.549]i

–
–

13
–
2:6
12 [23.549]
–

C2:15 (16)
�2:31 (16)
C0:123 (15)
–
–
[23.553, 554]

1.8141
1
2:2450
0:022693
0 [23.323]i

–
–

1.8145
1
2:24654
0:0226803
0 [23.323]i

–
–

1.8637
1
2:41957
0:0245458
0 [23.323]i

–
–

�2:3
C2:3
�0:04
�4:1
C4 [23.154, 555]
–

�1:0 (1)
C3:2 (2)
�2:6 (2)
C1:0 (2)
C2:4 (2)
[23.558–561]

0:23�1:2 [23.562, 563]
–
–
–

1.3595 (1	m)
1:4376
0:4045
0:01692601
0:0005 [23.564]i

–
–

1.4694 (1	m)
1:6586
0:5006
0:023409
0:0127 [23.564]i

–
–

1.5055 (1	m)
1:6714
0:5928
0:02534464
0:0153 [23.564]i

–
–

�0:13
�0:60
C0:94 [23.12]
–
–
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Table 23.22 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"T
11

"T
22

"T
33

tanı1

tanı2

tanı3

(T (ıC),
f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d31
d32
d33
d15
d24
dh
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

Lithium gallium oxide,
LiGaO2

(Lithium metagallate)

4:187
7:5
–

7:0 [23.8]
6:0 [23.8]
8:3 [23.565]
7:18 [23.8]
6:18 [23.8]
8:78 [23.8]

140
120
140
57:1
47:4
69:0
14
28
31 [23.565]c

�2:5 [23.565]
�4:7 [23.565]
C8:6 [23.565]
�6:9 [23.565]
�6:0 [23.565]
C0:9 [23.8, 277]

Lithium triborate,
LiB3O5 (LBO)

2:47
6
3:5 [23.205]

m-Nitroaniline;
(3-nitrobenzenamine,
meta-Nitroaniline),
C6H4.NO2/NH2

(mNA)

3:9
4:2
4:6 [23.572]a

Potassium acid phtha-
late,
KH.C8H4O4/

6:00 (2)
3:87 (2)
4:34 (2)
[23.577, 578]
–
–
4:34a [23.579]

17:6
13:3
17:0
4:86
7:59
6:23
7:4
10:4
5:0
[23.577, 578]

�15:3 (0)
C8:8 (0)
C5:5 (0)
�7:1 (0)
C4:3 (0)
[23.577, 578]
–

�0:61
�0:25
�0:52
�0:58
�0:36
�0:60
�0:84
�0:36
�0:90
�0:26
�0:63
�0:13 (589 nm)
[23.580]
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT23

rT33

rT42

rT51
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D
E
F

nY
A
B
C
D
E
F

nZ
A
B
C
D
E
F

d31
d32
d33
d15
d24
(10�12 m=V)

0:3�5 [23.243, 566]
–
–
–

1.7477
(0:5	m) [23.567]

1.7768
(0:5	m) [23.567]

1.7791
(0:5	m) [23.567]

C0:066
�0:14
C0:57 [23.154, 566]
–
–

0:16�2:6 [23.568]
�18 [23.569]
�136 [23.569]
�.63C 21�/ [23.569]

1.5656
2:4542
0:01125
0:01135
0:01388
0
0 [23.570]j

1.5905
2:5390
0:01277
0:01189
0:01849
4:3025�10�5

2:9131�10�5

[23.570]j

1.6055
2:5865
0:01310
0:01223
0:01862
4:5778�10�5

3:2526�10�5

[23.570]j

�0:67
0:85
0:04
[23.12, 14, 568, 569,
571]
–
–

7:4 (7)
0:1 (6)
16:7 (2) [23.573]
–
–

0:5�2 [23.574, 575]
–
–
–

1.631
2:469
0:1864
0:16
0:0199 [23.576]i

–
–

1.678
2:6658
0:1626
0:1719
0:0212 [23.576]i

–
–

1.719
2:8102
0:1524
0:175
0:0294 [23.576]i

–
–

20
1:6
21 [23.544]
–
–

rb � 1:8 [23.579] 0:3�1:7
With a narrow absorption
Band at 1:14	m [23.581]
–
–
–

1.63
(1:1	m) [23.581]

1.64
(1:1	m) [23.581]

1.48
(1:1	m) [23.581]

0:21 (d31, 1:15	m)
0:06 (d32, 1:15	m)
0:65 (d31, 0:63	m)
0:15 (d32, 0:63	m)
–
[23.581]
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Table 23.22 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"T
11

"T
22

"T
33

tanı1

tanı2

tanı3

(T (ıC),
f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d31
d32
d33
d15
d24
dh
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

Potassium niobate,
KNbO3

4:617
–
> 3:5 [23.582]

37 (2)
780 (50)
24 (2)
160 (10)
1000 (80)
55 (5)
(25 ıC)
[23.583]

0:003
0:002
0:01
(25 ıC)
[23.583]

226
270
280
74:3
25:0
95:5
96 [23.583]
–
–

C9:8 (7)
�19:5 (20)
C24:5 (15)
[23.584]
215 (5)
159 (5)
[23.583]
–

j0:197jd
j0:115jd
j0:109je
j0:130jd
j0:234jd
j0:005je
j0:64jd
j0:153jd
j0:075je
j0:57jd
j0:45jd [23.585]
–

Potassium pentaborate
tetrahydrate,
KB5O8 	 4H2O (KB5)

1:74
2:5
–

5:5
4:6
4:5 [23.589]
–
–
–

58:2
35:9
25:5
16:4
4:63
5:7
22:9
17:4
23:1 [23.589]

�0:35
�2:3
C5:5
C4:7
C20:3 [23.590]
–

Potassium titanyl
arsenate, KTiOAsO4

(KTA)

3:45
3
–

–
–
–
12 (1)
12 (1)
18 (1)
[23.596, 597]

Potassium titanate
(titanyl) phosphate,
KTiOPO4 (KTP)

3:02
5
2 (k X)
3 (k Y)
3:3 (k Z)
[23.603]

11:6 (2)
11:0 (2)
15:4 (3)
11:9 (2)
11:3 (2)
� 17:5 .4/

[23.604]

. 0:004
� 0:004
< 0:005
(10�103 MHz)
� 0:017
0:017
� 0:35
(100 kHz)
[23.604]

159
154
175 [23.605]
–
–
–
–
–
–
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT23

rT33

rT42

rT51
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D
E
F

nY
A
B
C
D
E
F

nZ
A
B
C
D
E
F

d31
d32
d33
d15
d24
(10�12 m=V)

34 (2)
6 (1)
63:4 (10)
450 (30)
120 (10) [23.585]

0:4�4:5 [23.376]
For temperature-dependent
dispersion relations,
see [23.586]

2.2576
1
1:44121874
0:07439136
2:54336918
0:01877036
0:02845018
[23.587]k

2.2195
1
1:33660410
0:06664629
2:49710396
0:01666505
0:02517432
[23.587]k

2.1194
1
1:04824955
0:06514225
2:37108379
0:01433172
0:01943289
[23.587]k

C11 [23.12–14]
�13 [23.12–14]
�19:5 [23.12–14]
16 [23.588]
17 [23.588]

0:165�1:4 [23.591]
–
–
–

1.4917 (0:5	m)
1
1:1790826
0:0087815
0 [23.592, 593]i

–
–

1.4380 (0:5	m)
1
1:0280852
0:0090222
0 [23.592, 593]i

–
–

1.4251 (0:5	m)
1
0:9919090
0:0093289
0 [23.592, 593]i

–
–

0:04
0:003
0:05
(all at 0:5	m)
–
–
[23.12, 594, 595]

15 (1)
21 (1)
40 (1)
–
–
[23.596, 597]

0:35�5:3
[23.596–598]
–
–
–

1.782
1:90713
1:23552
0:0387775
0:01025 [23.599]i

–
–

1.790
2:15912
1:00099
0:0477160
0:01096 [23.599]i

–
–

1.868
2:14786
1:29559
0:0516153
0:01436 [23.599]i

–
–

2:9
5:2
12:0
–
–
[23.12, 14, 600–602]l

C9:5 (5)
C15:7 (8)
C36:3 (18)
9:3 (9)
7:3 (7) [23.604]

0:35�4:5 [23.606, 607]
0:61 [23.608]m

0:83 [23.608]m

1:45 [23.608]m

1.7381
3:0065
0:03901
0:04251
0:01327 [23.609]h,m

–
–

1.7458
3:0333
0:04154
0:04547
0:01408 [23.609]h,m

–
–

1.8302
3:3134
0:05694
0:05658
0:01682 [23.609]h,m

–
–

2:2
3:7
14:6
1:9
3:7 [23.13]l



Part
D
|23.4

876 Part D Functional Materials

Table 23.22 (continued)

General Static dielectric
tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"T
11

"T
22

"T
33

tanı1

tanı2

tanı3

(T (ıC),
f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
(109 Pa)

d31
d32
d33
d15
d24
dh
(10�12 C=N)

p11
p12
p13
p21
p22
p23
p31
p32
p33
p44
p55
p66

Rubidium titanate
(titanyl) phosphate,
RbTiOPO4 (RTP)

23f

(25 ıC)
[23.610–612]

143
142
175
33
40
57 [23.605]
–
–
–

Sodium nitrite,
NaNO2

2:168
–
–

8 [23.618]
5:2 [23.618]
4:18 [23.618]
7:4 [23.619]
5:5 [23.619]
5:0 [23.619]

0:004
0:006
0:015
(3:3GHz)
[23.618]

30:6 (3)
56 (2)
64 (2)
12 (1)
9:9 (1)
5:0 (3)
12:5 (1)
15:6 (53)
14:6 (48) [23.7]

�1:1
�2:8
C1:6
C9:3
�20:2
–
[23.8, 619]

j0:44j [23.620]
j0:37j [23.620]
j0:36j [23.620]
j0:39j [23.620]
j0:33j [23.620]
j0:27j [23.620]
j0:18j [23.620]
j0:19j [23.620]
j0:15j [23.620]
�0:050g [23.621]
�0:30 [23.621]
�0:10g [23.621]

a These values for "ij are neither at constant stress nor at constant strain
b Stoichiometric crystal
c cE at constant electric field
d pE at constant electric field
e p�

i3 D pEi3 � rSi3e333="0"S33, where r
S
i3 is the electrooptic-tensor element i3 at zero strain, e333 is the piezoelectric-tensor element 333, and "S33

is the relative-dielectric-constant element 33 at constant strain
f Element of " unspecified, but probably "11 or "33
g peffijkl D pEijkl � rSijmamanenkl=a 	 " 	 a, where rS is the electrooptic tensor, a is a unit acoustic-wave propagation vector and " is the dielectric-
constant tensor at the frequency of the acoustic wave
h,i,j,k Dispersion relations (� (	m), T D 20 ıC):
h n2 D AC B

�2
�C

�D�2

i n2 D AC B�2

�2
�C

�D�2

j n2 D AC B
�2

�C
�D�2 CE�4 �F�6

k n2 D AC B�2

�2
�C C D�2

�2
�E �F�2

l Note reversals between d31 and d32 (also between d15 and d24) for KTA and KTP given in [23.12] and [23.13]
m For flux-grown crystals
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Electrooptic tensor General optical properties Refractive index Nonlinear dielectric
susceptibility

rT13

rT23

rT33

rT42

rT51
(10�12 m=V)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D
E
F

nY
A
B
C
D
E
F

nZ
A
B
C
D
E
F

d31
d32
d33
d15
d24
(10�12 m=V)

C9:7 (9)
C10:8 (9)
C22:5 (9)
C14:9 (9)
�7:6 (9)
[23.613–615]

0:35�4:5 [23.616, 617]
–
–
–

1.7569
2:56666
0:53842
0:06374
0:01666 [23.617]i

–
–

1.7730
2:34868
0:77949
0:05449
0:0211 [23.617]i

–
–

1.8540
2:77339
0:63961
0:08151
0:02237 [23.617]i

–
–

3:3
4:1
17:3 [23.601]
–
–

r42 D �3:0 (2)
r51 D �1:9 (2)
(at 546 nm) [23.622]

0:35�3:4 and 5�8
[23.623, 624]
–
–
–

1.3395
1
0:727454
0:0118285
0 [23.623]i

–
–

1.4036
1
0:978108
0:0112296
0 [23.623]i

–
–

1.6365
1
1:616683
0:0222073
0 [23.623]i

–
–

0:11
2:9
0:14
0:11
2:8 [23.625]



Part
D
|23.4

878 Part D Functional Materials

Table 23.23 Monoclinic, point group 2 (C2) materials

General Static
dielectric tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"S
13

"T
11

"T
22

"T
33

"T
13

tanı1

tanı2

tanı3

(f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
c15
c25
c35
c46
(109 Pa)

d21
d22
d23
d14
d16
d25
d34
d36
dh
(10�12 C=N)

p11
p12
p13
p15
p21
p22
p23
p25
p31
p32
p33
p35
p44
p46
p51
p52
p53
p55
p64
p66

Bismuth triborate,
BiB3O6 (BIBO)

4:9 [23.626]
–
–

Deuterated L-arginine
phosphate,
.NDxH2�x/

C

2 .CND/.CH2/3
CH.NDyH3�y/

CCOO�	
D2PO�

4 	D2O
(DLAP)

� 1:5
3
–

17:477 (111)
31:996 (89)
31:575 (72)
–
–
–
–
–
–
–
–
–
–
[23.16]

4-(N,N-Dimethylamino)-
3-acetamidonitrobenzene
(N-[2-(dimethylamino)-
5-nitrophenyl]-acetamide,
DAN)
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Electrooptic
tensor

General optical properties Refractive index Nonlinear dielectric
susceptibility

rT12

rT22

rT32

rT41

rT43

rT52

rT61

rT63 (10
�12 m=V)

(at � D 633 nm)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D

nY
A
B
C
D

nZ
A
B
C
D

d21
d22
d23
d25
(10�12 m=V)

0:27�6:25 [23.626]
–
–
–

1.9190
3:6545
0:0511
0:0371
0:0226 [23.627]a

1.7585
3:0740
0:0323
0:0316
0:01337 [23.627]a

1.7854
3:1685
0:0373
0:0346
0:01750 [23.627]a

2:3 (2)
2:53 (8)
1:3 (1)
2:3 (2) [23.627]
(see also [23.628])

0:25�1:3 [23.629]
�3:64
�5:34
�6:69
(all at 532 nm [23.630])

1.4960
2:2352
0:0118
0:0146
0:00683 [23.629]a

1.5584
2:4313
0:0151
0:0214
0:0143 [23.629]a

1.5655
2:4484
0:0172
0:0229
0:0115 [23.629]a

0:48
0:685
�0:80
�0:22
[23.12, 14, 629]

0:485�2:27 [23.631]
–
–
–

1.517
2:1390
0:147408
0:3681 [23.631]b

–

1.636
2:3290
0:307173
0:3933 [23.631]b

–

1.843
2:5379
0:719557
0:4194 [23.631]b

–

1:1
3:9
37:5
1:1 [23.631, 632]
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Table 23.23 (continued)

General Static
dielectric tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"S
13

"T
11

"T
22

"T
33

"T
13

tanı1

tanı2

tanı3

(f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
c15
c25
c35
c46
(109 Pa)

d21
d22
d23
d14
d16
d25
d34
d36
dh
(10�12 C=N)

p11
p12
p13
p15
p21
p22
p23
p25
p31
p32
p33
p35
p44
p46
p51
p52
p53
p55
p64
p66

Dipotassium tartrate
hemihydrate,
K2C4H4O6 	 0:5H2O
(DKT)

1:987
–
–

6:44
5:80
6:49
0:005 [23.345]d

–
–
–
–

35:7 (86)
39 (17)
62 (10)
9:0 (5)
11:7 (19)
8:3 (1)
17:8 (9)
22:5 (99)
13:5 (37)
1:8
1:2 (1)
5:9 (27)
0:54 (18) [23.7]

�0:8
4:5
�5:3
7:9
3:4
�6:4
�12:2
�23:2
1:6 [23.633]

Lithium sulfate
monohydrate,
Li2SO4 	H2O

–
–
� 4 [23.636]

5:16d

[23.637, 638]
10:3d

[23.637, 638]
4:95d

[23.637, 638]
–
5:6 [23.345]
10:3 [23.345]
6:5 [23.345]
0:07 [23.345]

54:9
70:5
61:8
14.0
24:2
27:0
26:3
11:4
17:1
6:5
15:7
�5:2
�26:5 [23.345]e

�3:6
C16:3
C1:7
C0:7
�2:0
�5:0
�2:13
�4:2
14:4 [23.633]

D(C)-Saccharose,
C12H22O11

(sucrose)

–
> 2:5
–

1:47
�3:41
0:73
1:25
�2:41
�0:87
�4:21
0:423 [23.640]
–
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Electrooptic
tensor

General optical properties Refractive index Nonlinear dielectric
susceptibility

rT12

rT22

rT32

rT41

rT43

rT52

rT61

rT63 (10
�12 m=V)

(at � D 633 nm)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D

nY
A
B
C
D

nZ
A
B
C
D

d21
d22
d23
d25
(10�12 m=V)

1.4832
(1:014	m)
[23.634]

1.5142
(1:014	m)
[23.634]

1.5238
(1:014	m)
[23.634]

d21 D 0:11
d22 D 3:9
d14 D 0:17
(all at 0:6943	m)
[23.635]

C8:5 (4)
C6:5 (4)
C4:5 (5)
0
�1:2 (7)
�0:7 (2)
C0:41 (2)
C0:8 (6)
[23.639]

1.4521 [23.323] 1.4657 [23.323] 1.4752 [23.323] d22 D 0:38˙ 0:06
d23 D 0:27˙ 0:04
d34 D 0:23˙ 0:04
[23.323]

0:192�1:35 [23.641]
–
–
–

1.5278
1:8719
0:466
0:0214
0:0113 [23.641]c

1.5552
1:9703
0:4502
0:0238
0:0101 [23.641]c

1.5592
2:0526
0:3909
0:252
0:0187 [23.641]c

[23.641, 642]
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Table 23.23 (continued)

General Static
dielectric tensor

Dissipation
factor

Elastic
stiffness tensor

Piezoelectric
tensor

Elastooptic
tensor

Material % (g=cm3)
Mohs hardness
� (W=.mK/)

"S
11

"S
22

"S
33

"S
13

"T
11

"T
22

"T
33

"T
13

tanı1

tanı2

tanı3

(f (kHz))

c11
c22
c33
c44
c55
c66
c12
c13
c23
c15
c25
c35
c46
(109 Pa)

d21
d22
d23
d14
d16
d25
d34
d36
dh
(10�12 C=N)

p11
p12
p13
p15
p21
p22
p23
p25
p31
p32
p33
p35
p44
p46
p51
p52
p53
p55
p64
p66

Triglycine sulfate,
.CH2NH2COOH/3 	H2SO4

(TGS)

9:38d [23.643]
20d [23.644]
6:00d [23.643]
1:17 (2)d [23.643]
9 [23.645]
40 [23.645]
6:6 [23.645]

0:043
–
–
(9:6GHz)
[23.644]

41:7
32:1
33:6
9:40
9:39
6:31
17:3
18:1
20:7
4:1
�0:6
7:7
�0:6
[23.646–648]

23:5 (0)
7:9 (1)
25:3 (0)
2:7 (0)
�4:5 (0)
24:3 (1)
�3:20 (1)
2:8 (0)
–
[23.646, 647]

j0:204j [23.649, 650]
j0:162j [23.649, 650]
j0:175j [23.649, 650]
–
j0:172j [23.649, 650]
j0:208j [23.649, 650]
j0:150j [23.649, 650]
j0:083j [23.651]
j0:204j [23.649, 650]
j0:169j [23.649, 650]
j0:151j [23.649, 650]
–
j0:273j [23.651]
j0:276j [23.651]
–
j0:075j [23.651]
–
–
j0:075j [23.651]
–

a,b,c Dispersion relations (� (	m), T D 20 ıC):
a n2 D AC B

�2
�C

�D�2

b n2 D AC B�2

�2
�C

c n2 D AC B�2

�2
�C

�D�2

d These values for "ij are neither at constant stress nor at constant strain
e The elastic stiffness constant were measured at constant electric field .cE/
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Electrooptic
tensor

General optical properties Refractive index Nonlinear dielectric
susceptibility

rT12

rT22

rT32

rT41

rT43

rT52

rT61

rT63 (10
�12 m=V)

(at � D 633 nm)

Transparency range (�m)
dnX=dT (10�5 K�1)
dnY=dT (10�5 K�1)
dnZ=dT (10�5 K�1)

nX
A
B
C
D

nY
A
B
C
D

nZ
A
B
C
D

d21
d22
d23
d25
(10�12 m=V)

70 [23.652, 653]
–
54 [23.652, 653]
–
–
1 [23.654, 655]
–
–

d23 D 0:3
at 0:6943	m [23.656]
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