o
O ©
c
mﬁ
-
@ O
.25
V)
>L
c9
a o
y— X
O —
— @©
m.g
§E
)
OcC
RIT)

Refractive index of alkaline earth halides and
its wavelength and temperature derivatives

Cite as: Journal of Physical and Chemical Reference Data 9, 161 (1980); https://doi.org/10.1063/1.555616
Published Online: 15 October 2009

H. H. Li

T\
5 &

View Online Export Citation

=

A

ARTICLES YOU MAY BE INTERESTED IN

Refractive index of alkali halides and its wavelength and temperature derivatives
Journal of Physical and Chemical Reference Data 5, 329 (1976); https://
doi.org/10.1063/1.555536

Refractive index of silicon and germanium and its wavelength and temperature derivatives

Journal of Physical and Chemical Reference Data 9, 561 (1980); https://
doi.org/10.1063/1.555624

High-accuracy, midinfrared (450cm~1< w <4000cm-1) refractive index values of silicon
Journal of Applied Physics 97, 123526 (2005); https://doi.org/10.1063/1.1923612

+
Where in the world is AIP Publishing?

Find out where we are exhibiting next

Journal of Physical and Chemical Reference Data 9, 161 (1980); https://doi.org/10.1063/1.555616 9, 161

© 1980 American Institute of Physics for the National Institute of Standards and Technology.


http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555616
https://doi.org/10.1063/1.555616
https://aip.scitation.org/author/Li%2C+H+H
https://doi.org/10.1063/1.555616
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555616
https://aip.scitation.org/doi/10.1063/1.555536
https://doi.org/10.1063/1.555536
https://doi.org/10.1063/1.555536
https://aip.scitation.org/doi/10.1063/1.555624
https://doi.org/10.1063/1.555624
https://doi.org/10.1063/1.555624
https://aip.scitation.org/doi/10.1063/1.1923612
https://doi.org/10.1063/1.1923612

Refractive Index of Alkaline Earth Halides and Its Wavelength
and Temperature Derivatives

H H L

Center for Information and Numerical Data Analysis and Synthesis, Purdue University, West Lafayette, Indiana 47906

Available data on the refractive index and its temperature derivative for alkaline earth
halides were exhaustively surveyed, compiled, and analyzed. The most probable values of the
refractive index at 293 K for the transparent region were generated for the materials for which
experimental data were sufficiently abundant and reliable. Provisional values were also gen-
erated for the wavelength regions where available data were less abundant. Reasonable esti-
mations of refractive index for the very scantily measured materials were made by incorporat-
ing the dielectrie constants and wavelengths of absorption peaks into a simplified dispersion
equation. It was found that of the twenty alkaline earth halides only seven, namely, MgFa,
CaF3, SrF3, BaF, CaCly, SrClz, and BaClz, appear in the open literature with refractive index
measurements. Most of the available data are for the first four of the seven materials. Temper-
ature derivatives of refractive index for most of the alkaline earth halides were unavailable. As
a result, data analysis on dn/d7T was limited to CaFz, SrF2, and BaF».

Key words: Alkaline earth halides; optical constants; refractive index; temperature coefficient of refractive index.
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1. Introduction

The purpose of this work is to present and review the avail-
able data and information on the refractive index of alkaline
earth halides, to critically evaluate, analyze, and synthesize the
data, and to make recommendations for the most probable val-
ues of the refractive index, its wavelength derivative dn/d A and
temperature derivative dn/d7. The recommended and provi-
sional values generated cover the widest possible transparent
wavelength ranges and are for the purest form of each alkaline
earth halide for which measurements have been made. How-

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980



164 H. H. LI

ever, for the materials which have been scantily measured,
reasonable estimations are made.

The introductory text describes the general procedures and
methods for the evaluation and synthesis of the available data
and for the generation of recommended values. It also discusses
the present status of the experimental data and other considera-
tions concerning the body of data.

In the theoretical background section, the general theory of

- the refractive index and its temperature derivative is discussed.
Correlations of the dielectric constants, absorption bands, and
the refractive index are described.

In the data presentation section we treat each material sepa-
rately, review the available data and information, and describe
the considerations involved in arriving at the final assessment
and recommendation and the theoretical guidelines or semi-em-
pirical correlations on which the data analysis and synthesis are
based. Figures and tables follow to present the recommended
values, the original data, specimen characterization, and mea-
surement information. At present, we have compiled 182 sets of
daia extracted from some 80 documents in the primary litera-
ture. Distribution of the available data sets is shown in table 1.

Tabie 1. Available data sets

Number of data sets
Material
n . dn/dT no—ne
MgF2 42 2 7
CaFq 44 29
SrFz 13 4
BaF, 15 12
CaCle 7 5
SrCly 7 ;
BaClz 6

In the conclusion, figures are presented in which all the rec-
ommended curves on the refractive index, dn/d\, and dn/dT
are grouped for visual comparison. The accomplishments in this
work are discussed and the need for further work is suggested.

The last section consists of the source references used in the
extraction of data and/or information. Only original sources of
data have been used in the analysis. The effective cut-off date for
literature research was May 1977, while the earliest referenced
source was dated 1874. With such a comprehensive compilation
of information and presentation of results, the author believes
that scientists and engineers in the optical trade will find this
report useful in regard to refractive index and its temperature

- and wavelength derivatives.

In order to utilize any dispersive medium, spectroscopists
must have a knowledge of the index of refraction and dn/dA for
all wavelengths transmitted by the medium. Such data are also
useful to physicists for evaluating theoretical dispersion equa-
tions and for studying the forces between the constituents of the
crystal. For a transparent medium, the refractive index, n, is
defined as the ratio of the velocity, ¢, of electromagnetic radia-
tion of a given wavelength in vacuum to the phase velocity, ¢, in
the mediun, ie.,

4 Phys. Chem. Ref, Date, Vol. 9, No. 1, 1980

n=c/o. (1)

Since the index of refraction of air is about 1.0003, » is conven-
tionally measured with respect to air instead of vacuum and no
correction is made. In a non-absorbing medium the refractive
index is a real quantity, while in an absorbing medium a com-
plex index of refraction, &, is used. The complex index is de-
fined as

N=n+ ik @)

where £ is the extinction coefficient or absorption index. Both n
and £ are frequency dependent. The real and imaginary parts of
the square of the complex refractive index are the real and imag-
inary parts of the complex dielectric constant, €, of the medium:

€ = € -+ i€ =N2=(n2—k2)+i2nk. (3)

The dispersion in an optical material is intimately related to ,
the microscopic structure of the material. On the short wave-
length side transmission is limited by electronic excitation, and
for long wavelengths by molecular vibrations and rotations. The
width of the transparent spectral range increases as the energy
for electronic excitation is increased and that for molecular vi-
brations is decreased. Theoretical and experimental studies on
ionic crystals indicate that crystals having small ions with strong
bonding have a wide spectral range of transparency. This is true
for alkali halides and alkaline earth halides.

Unlike the alkali halides, which form only cubic crystals, the
alkaline earth halides form crystals with a variety of structures.
The four types of structure that are found in the alkaline earth
halides are indicated in table 2. A review of tables 1 and 2 will
show that, with the exception of MgF2, only crystals of cubic
structure have been investigated.

TasLE 2. Crystal structure of alkaline earth halides

Material Structure
BeF: Tetragonal, Orthorhombic, Hexagonal
BeCly Orthorhombic
BeBr2 Orthorhombic
Belz Orthorhombic, Tetragonal
MgF: Tetragonal
MgClz Hexagonal
MgBr2 Hexagonal
Mgl. Hexagonal
CaF, Cubic
CaCly Orthorhombic
CaBrg Orthorhombic
Caly Hexagonal
SrF2 Cubic
SrCly Cubic
SrBr2 Tetragonal
Srl, Hexagonal
BaF, Cubic
BaCl; Cubic, Orthorhembic
BaBr: Orthorhombic
Bals Orthorhombic
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Calcium fluoride in its naturally-occurring form is known as
fluorite. It is conventional to describe a crystal as having the
fluorite structure if its lattice is similar to that of calcium flu-
oride. In a fluorite-structure crystal of a compound ABs each ion
of species A is surrounded by eight equivalent nearest-neigh-
bour ione of species B forming the corners of a cube with A atits
center. Each ion of species B is surrounded by a tetrahedron of
four equivalent A ions. More fundamentally, the structure has a
face-centered-cubic translational group and a space lattice of
symmetry Of. If the structure is interpreted in terms ot a primi-
tive cube of side a, it comprises three inter-penetrating face-
centered-cubic lattices. The first is a lattice of species A with its
origin at the point (0,0,0) and with primitive translational vee-
tors (0, /2, a/2); (@/2,0,a/2); {a/2,a/2, 0) in the cube of side
a. The B species are located on twe further lattices with similar
translational vectors but with origins at (a/4, a/4, a/4) and at
(3a/4, 3a/4, 3a/4). The site of the A ion has O symmetry
and the site of the B ion has T symmetry. The interstitial site
again has O} symmetry, being at the center of a cube of eight
B ions. The crystal is not piczoclectric.

It is apparent that the fluorite structure provides close contact
between the different species of atom or ion. Furthermore if the
ions of species A are sufficiently large, close contact between the
ions of species B is prevented. If the constituent species are
regarded as hard spheres with radii 7(A) and r(B), contact occurs
between the A and B ions to the exclusion of B~B contact and of
A-A contact [1] * when the radii satisfy the condition

4.45 > r(A)/r(B) > 0.73.

The energetic advantages of close contact between dissimilar '

ions suggest that the flucrite structure will be favoured by those
strongly ionic compounds with formula ABs which possess large
ions of type A. Study of a self-consistent 1able of ionic radii, such
as that of Zachariasen [2] summarized in table 3, shows that one
is unlikely to find a hypothetical compound in which contact
between A ions could occur. This would require that the A ions
be exceptionally large, with

r (A) > 4.451(B).

In fact, the A ions are normally relatively small and it is possible
to find several series of compounds in which the lower limiting
value is passed, and contact between B ions can occur. For
example, among the halides of barium one finds that the fluorite
lattice structure occurs for the smaller halide B ions while the
iodides possess orthorhombic or sheet-like structures.

Among the compounds of alkaline earth halides those which
possess the fluorite structure are, according to Wyckoff [1],
CaFy, SrFz, BaFs, CaClz, SrCls, BaClz. The absence of bromides
and of iodides may be interpreted in terms of a violation of the
radius requirement, the anions being relatively too large. It is
apparent on inspection of table 3 that close contact between A
and B ions cannot occur for the light cations.

There were two major reasons why only crystals of cubic
structure have been investigated. The first is that cubic crystals

1 Numbers in brackets indicate literature references at the end of this paper.

TasLE 3. The crystal radii of ions

Be?* 0.30 A F- 1.33 A
Mg 0.65 A cr- 1.81 A
Ca? 0.94 A Br~ 1.96 A
Sr2* 1.10 A I~ 2,19 A
Ba2* 1.20 A

are optically isotropic. It is true that optical anisotropy is highly
desirable in 4 number of special uses, but fur the fabsication of
optical components in general, anistropy of dispersion may
become an objective. It is therefore understandable that early
investigations were limited to the cubic crystals, but it is sur-
prising that even at the present age of modern technology our
knowledge of optical dispersion is still limited to that of cubic
crystals. With regard to the dispersion of the non-cubic crystals,
little work has been reported.

The second reason for inattention to non-cubic alkaline earth
halide crystals is the unavailability of the crystals or their
undesirable chemical and physical properties, such as hygros-
copy and softness. With advances in the techngiue of crystal
growth, crystals which do not occur naturally are made available
in workable sizes. Examples are BeFz [3], MgClz [4}, and BaBr,
[5]. However, no measurements on the optical dispersion of
these crystals are reported.

The applications of high-power infrared lasers, which are now
being developed at a rapid rate, are partly limited by the lack of
suitable transparent optical materials. As a result, much of the
high-power laser research is directed toward finding adequate
high-temperature window and dome materials in the wavelength
regions from 2 to 6 micrometers and near 10.6 micrometers.
The alkaline earth halides have large transmission ranges
spreading from the ultraviolet to the infrared and are available
in large sizes and high purity. They are good materials for photo-
chemists and spectroscopists who are interested in ultraviolet
transparency, and for laser scientists who are concerned with
infrared transmission. They are considered good window mater-
ials and are recommended by the National Materials Advisory
Board [6]. Through the studies of the Advisory Board, crystals
of fluorite-type are among the serious candidates for laser
materials. Efforts are being made to improve their mechanical
strength and thermal endurance without altering their optical

" properties, particularly the refractive index.

The available refractive indices of alkaline earth halides and
their temperature derivatives have been surveyed and studied
from time to time by a number of investigators, including
Smakula [7], Ballard [8), Coblentz [9], to name jnst a few.
Refractive index data are compiled in a number of handbooks
such as those sponsored by Landolt-Bornstein [10], American
Institute of Physics Handbook [11], and Handbook of Chem-
istry and Physics {12}, etc. However, their main concern is to
provide a general picture through a few particular sets of data.
The purpose of the present work is quite different from that of
the above-mentioned works. It has two major aims: (1) to ex-
haustively search the.open literature so that a complete and
comprehensive bibliographic reference is compiled, and (2) to
generate recommended values based on the existing experi-
mental data on the refractive index and its temperature deriv-

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980



166

ative, so that evaluated and/or synthesized numerical data are
made available for scientific and engineering use.

In figure 1, a schematic view of the absorption spectrum of
a typical alkaline earth halide crystal is shown. At the right, at
about 30 micrometers, are seen the absorption peaks associat-
ed with optical phonons, while nearer to the left, at about 0.1
micrometer, are seen the absorption peaks associated with
excitons. In the transparent region between the two extremes
the erystal absorbs little light and has a dispersion which ean
be characterized by an optical dielectric constant €0 = no?
where n, is the refractive index at short wavelength. In
absorbing regions of the spectrum, the imaginary part of € is
non-zero. Both the real and imaginary parts of € can be
obtained from the experimental reflectivity (preferably over a
wide range of wave-lengths) and the use of the Kramers-
" Kronig relation or the Lorentz oscillator model. In optical
technology, the refractive index is needed only for the tran-
sparent region of the material. One does not have to carry out
a complicated analysis and calculation to obtain the refractive
index. Direct methods are available for high precision measure-
ments. The minimum deviation method is usually used to obtain
the refractive index accurate to the fourth decimal place, and the
interference method to the third.

Scanning the open literature, one finds that in most cases the
measurements of refractive index were carried out at various
temperatures and reduced to a reference temperature chosen
according to the investigators™ preference. It is highly desirable
to reduce the existing refractive index data and to present them
at a uniform reference temperature. It is therefore important
that the temperature derivative of the refractive index be made

1.0 T T T
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available in the form of a function of wavelength based on the
existing data and theory, so that the users can easily calculate
the required values over a limited range of temperature.

The first task in generating recommended values was to ana-
Iyze the data on the temperature derivative of refractive index.
With the analyzed values of dn/d7, all the refractive index data
were then reduced to the reference temperature of 293 K chosen
for the present work. The correcied data were then subjected to
evaluation and critical selection. Least-squares fitting of the se.
lected data to a given equation was then carried out.

Recommended values for refractive index (relative to air),
and wavelength and temperature derivatives, dn/d A, and dn/dT,
have been calculated from the correlating equations where
sufficient experimental values are available. However, for the
region where experimental evidence is either insufficient or
poor, only provisional values are provided. Data for the trans-
parent region are presented at integral wavelengths with small
increment. Intermediate values can be obtained by the follow-
ing linear interpolations:

ny = ny + (dn/dA), (A — A),

)
mape= nr + (@n/dT ) (T — ).

The second expression in eq (4) is based on the fact that
dn/dT is relatively independent of temperature over a fairly
wide range of temperatures. However, the application of this
expression should be limited to the temperature range 293 =+
50 K. v
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Figure 1. Absorption Spectrum of an Alkaline Earth Halide Crystal
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2. Theoretical Background and Empirical
Relations

The study of the propagation of light through matter, particu-
larly solids, comprises one of the important and interesting
branches of optics. The many and varied optical phenomena
exhibited by solids include selective absorption, dispersion,
double refraction, polarization effects, and electro-optical and
magneto-optical effects. Many of the optical properties of solids
can be understood on the basis of
electromagnetic theory.

classical

The macroscopic electromagnetic state of matter at a given
point is described by four quantities: '

(1) the volume density of electric charge.

(2) the volume density of electric dipole strength, called the
polarization,

(3) the volume density of magnetic dipole strength, called the
magnetization,

(4) the electric current per unit area, called the current
density.

All of these quantities are macroscopic averages over the micro-
scopic variations due to the atomic makeup of matter. They
are related to the macroscopically averaged electric and mag-
netic fields by the well-known Maxwell equations [13].

Detailed discusston of Maxwell’s equations is beyond the
scope of the present work. What we should bear in mind is
that the general solution of Maxwell’s equations is made up of
electric and magnetic fields. In the treatment of the inter-
action of light and matter, the light is considered as an oscil-
lating electric field that engulfs the component molecules of
matter. Each of the molecules may be considered to be a
charged simple harmonic oscillator. When these -component
oscillators are driven by the engulfing electric field of the
light they emit Hnygens-like spherical wavelets that contrib-
ute to and modify the electric and magnetic fields. In the early
development of the theory of propagation of light in matter,
there was no practical alternative to treating the matter as a
collection of charged harmonic oscillators subject, perhaps, 1o
damping forces. Fortunately, the modern developments in the
theory of matter and its interaction with radiation have shown
that this simple model has broad utility. and that it can be em-
ployed in the discussion of refractive indices. In this section,
only a brief summary of results of the theory of the refractive
index and its temperature derivative is given.

2.1 Refractive Index

Maxwell’s theory gives the relationship
n=€e=1+P (5)

where n is the refractive index, € the dielectric constant, and P
the polarizability. If one treats the material as equivalent to a
collection of harmonic oscillators resonant to radiations of var-
jous wavelengths Ai, one can derive [13] the equation

c; N2
T A2 — A2

n2—1=

©)

where A is the wavelength of the incident radiation, and ¢; is a
constant which depends on the number of oscillators per unit
volume or the “oscillator strength” of the oscillatorsresonant at
wavelength Ai. Equation (6) is generally called the Sellmeier
formula. It can be derived by modern quantum theory from

“more sophisticated models of the solid, with A; denoting the

wavelengths of the various absorption bands of the material.

For the transparent region, it was traditionally believed that
the dispersion formula of the Sellmeier type best fit the ionic
crystals. The consequence of this was that most of the early
experimental works adopted eq (6) with the Ai’s_and ci’s
as adjustible empirical constants chosen only to fit the data,
with no other experimental and theoretical basis. Nevertheless,
this equation, if used correctly, gives a good deal of informa-
tion concerning the position of absorption bands, oscillator
strengths, and the dielectric constant for a static field.

For the transparent region, eq (6) can be written as

a; \? b A?
— —_ b J
e—n2_1+27\2—>\2+}\2~7\2 (7}

J

Terms in the first summation are contributions from the ultra-
violet absorption bands and those in the second from the in-
frared absorption bands. In the infrared region, however, the
Ai’s of uv absorption peaks are much smaller than A and eq
(7) is reduced to

bA?
€= €+ ;——mq @)
i
where €.=1+Za; ==€,— Zb; is the opiical dielectric con-
stant.

Real crystals are neither perfectly linear dielectrically, nor
are they perfectly harmonic. The effect of nonlinearity and
anharmonicity is to introduce a damping term [14]. Equation
(8) is extended to become

b2
€=€+ig=¢€ + > ! ©)
i

AZ— AE—iyh
Equation (9) is widely used in investigating the infrared
optical properties of ionic crystals. In the transparent wave-
length region, the effects contributed by absorption bands are
‘negligibly small. In such cases the damping terms can be
omitted and eq (9) is reduced to the Sellmeier formula.

In an ideal application of eq (7), one would need to know
the wavelength of all of the absorption peaks. This is very
difficult in practice because of the large number of absorption
peaks. In fact, only a few absorption peaks are accessible for
experimental observation. In order to include the effects due
to unobserved absorption bands on the refractive index in the
transparent region. an equation similar to eq (7) is used to
interpret the experimental data:

aA? A2

2. 4
n +27\2—7\f%§:7\2”7\

) (10)

2
7
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where A;’s and Aj’s are the observed wavelength of absorption
bands. 4 is a constant which equals the quantity 1 + Zax
where ax’s are the coefficients of the ultraviolet terms with
Azx’s much smaller than the wavelengths in the transparent
region. In the infrared region, the dominant contribution to
the refractive index in the transparent region comes from the
fundamental phonons, while other absorption bands contrib-
ute little effect on the refractive index in the transparent
region. As a result, in most cases, only one or two terms due to
the predominant contribution are included in eq (10). The
relationships between the dielectric constants and the coeffi-
cients in the dispersion equation remain with no change:

€.=4+ X, (11)

€=A + Za+ b, (12)

For some materials, experimental data on 7 are insufficient
to justify the least-squares fitting. A means should be devel-
oped to obtain reasonable estimates by use of the available
data for other properties which are related to 2. The following
simplified equation {two-oscillator model) of the Sellmeier
type is proposed for this purpose:

(€o— €, )02
A— A}

n

— 2
e+ (€, — AN

AZ— A2 @)

s

where A4 is an adjustable parameter, A, the unweighted
averaged value of the wavelengths of the ultraviolet absorp-
tion peaks, and A; the wavelength of the fundamental infrared
absorption peak. The adjustable parameter 4 in eq (13) can be
determined even if only one measurement of n is available
because the quantities €, €x, Ay, and A; are in general
available.

Itis clear that the parameter €, €,, A, and A; play important
roles in the calculations of the refractive index. On account of
this, these parameters were also included in our searches,
though not in an exhaustive way. Listed in tables 4, 5, and 6 are
the results of our searches for €x, €, and A,

The values of optical dielectric constant listed in table 4 are
determined either by curve fit of refractive indices to the disper-
sion equation or by Kramers-Kronig analysis of reflection spec-
tra. No method is designed for direct measurement of €. As a
consequence, the accuracy of €~ depends largely on the accura-
cies of input refractive indices and on the spectral range
covered. It is interesting to note that at a given temperature the
values of €~ obtained from various sources are in close agree-
ment. Although the values are made available at several temper-

. atures, the paucity of data hampers the estimation of tempera-
ture variation of the optical dielectric constant.

The values of static dielectric constants given in table 5 indi-
cate discrepancies between investigators. Such discrepancies
can be attributed to the different methods used and the impurity
contents of the samples. Without guestion, the results reported
by Andeen et al. [19] are the best, because the method of substi-
tution is by far the most reliable direct means of measuring the
static dielectric constant and the samples they used are believed
to be the purest available. However, the work of Lowndes [15] is
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important, because not only do his values at room temperature
agree closely with those of Andeen et al, but also his measure-
ments cover a wide temperature range, as shown in figure 2. In
fact, his measurements give the only set of reliable dielectric
constants as a function of temperature, a very important basis
for determining the temperature variation of static dielectric
constants.

The spectral position of the fundamental optical phonon, A;,
is an important input parameter in the dispersion equation for
the materials with scanty infrared data. Among the data listed in

“table 6, the values reported by Lowndes are most reliable and

might be used in our correlation of physical properties to
calculate the missing refractive indices. However, as the
values from a number of other papers agree closely with
Lowndes’, the averaged values will actually be used. Lowndes’
measurements not only are believed to be the most reliable
ones available but also are used to evaluate the temperature
variation of A;. Such variations are indispensibie input param-
eters for estimating the temperature derivative of the refrac-
tive index. Figure 3 presents Lowndes results of A(T).

The uv absorption of alkaline earth halides is quite complicat-
ed. There are many absorption peaks of about equal strength,
spreading into a wide uv region from about 0.124 um down 10
0.04 pm. There is no direct measurement of absorption peaks
available in the vacuum uv region because there experimental
work is difficult. To estimate the effective wavelength, Ay, of
vacuum uv absorption, we have to rely on the observed far uv

TasLE 4. Optical dielectric constant of alkaline earth halides

Material Temperature €, Author ®
(K)
MgF; - 300 1.9(0)® Barker {14}
300 1.9(e) Barker {141
CaFe 4 2.05 L
80 2.047 B
200 2.044 B
300 2.040+0.001 B
300 2.045 K
300 2.04 L
350 2.04 L
SrFe 4 - 208 L
80 2.07 B
300 2.07 K
300 2.07 L
350 2.07 L
BaF: 4 2.18 L
80 2.15720.001 B
300 2.150 B
300 2.16 K
300 2.17 L
350 .27 L

|

2The letters 0 and e in the parentheses indicate the ardinary.ray and
extraordinary-ray, respectively.

®The capital letters in this column carry the following abhbreviations:
L—Lowndes [15],
B—Bosomworth [16},
K—Kaiser et al {17].
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TasLg 5. Static dielectric constant of alkaline earth halides

Material Temperature & Author®
(K)
MgF2 300 4.87(0)® D
. 4.6(o) Barker [14]
4.826+0.01(0) A
300 5.45(e) D
5.4(e) Barker {14]
5.501+0.01() A
300 5.26(p) D
5.1(p) Kodak {20]
5.289(p) A
CaFs 4 6.47+£0.03 L
80 6.38+0.08 B
80 6.51x0.03 L
200 6.534-0.08 B
200 6.66+0.03 L
300 6.7+0.3 K
300 6.63+0.08 B
300 6.811:0.03 L
300 6.78+:0.03 R
300 6.352+0.06 J
300 6.8120-£0.0007 A
SrFs 4 6.151+0.03 L
80 6.04+0.08 B
80 6.19+0.03 L
200 6.301+0.03 L
300 6.6+0.3 K
i 300 6.20£0.07 B
300 6.50+0.03 L
300 6.484+0.03 R
300 6.4679:+0.0006 A
BaF; 4 6.96+0.03 L
80 6.56+0.09 B
80 7.01£0.04 L
200 (.16 0.04 L
300 7204 K
300 6.9440.08 B
300 7.3240.04 L
300 7.28+0.04 R
300 7.02:+0.07 ]
300 7.3605::0.0007 A

2The letters o, e, and p in the parentheses indicate the ordinary-ray,
extraordinary-ray, and polycrystaline.

®The capital letters in this column carry the following abbreviations:
D—Duncanson [18],
A-—Andeen et al [19],
L—Lowndes [15],
B—Bosomworth {16}, &
K—Kaiser et al [17],
R-—Rao and Smakula [21],
J—Jones [22].
reflection spectra. It is accepted that corresponding to each of
the peaks of a reflection spectrum there is an absorption peak at
somewhat shifted wavelength; the sharper the peak, the less the
shift. The far ultraviolet spectra of alkaline earth fluorides have
been studied by Rubloff [24], Nisar and Robin [25], etc. Rub-
loff’s work is used in the present work because his observations
were made at several discrete temperatures. This feature opened
the possibility of estimating the temperature variation of A,.
Figures 4, 5, and 6 show his results for the normal reflection
spectra of CaFz, SrF and BaF; crystals in the far ultraviolet. For
clarity, a vertical shift of 0.0175, respectively, separating the 90

K spectra (above) and the 400 K spectra (below) from the spectra
taken at 300 K, were made in these figures. According to Rub-
loff, the spectral regions marked in each of the spectra with [, I1,
and 111 correspond, respéctively to:
1. excitation of an electron from the upper valence bands to
the lower conduction bands,
I1. excitation of an electron from the outermost core states of
the metal ion,
I11. interband and ionizing transitions of core electrons.
Shifts in energy with temperature are observed and are deter-
mined for sharp peaks. The energies of such peaks at various
temperatures are given in table 7, from which the room tem-
perature effective wavelength, Ay, can be estimated. The re-
sults are: Ay =0.09315 micrometer for CakFs, A,=0.09566
micrometer for SrFz and A, =0.10208 micrometer for BaFs.
These values will be used as guidelines in the data analysis.

2.2. Temperature Derivative of Refractive Index, dn/dT

For users of the refractive index, information on the tem-
perature derivative, dn/dT, is indispensable. The tempera-
ture dependence of the refractive index of crystals is of con-
siderable interest in connection with a wide variety of optics
applications. In the area of high-power lasers, dn/dT plays an
important role in thermal lensing problems. A great deal of
research effort is spent in finding the magnitude of dn/dT and
its frequency dependence on the laser wavelength regions.

With regard to the thermo-optical behavior of the alkaline
earth halides, the existing data are not useful. Much of the
data is for two materials, CaF2 and BaF3, and is concentrated
in limited spectral regions, the visible and near ultraviolet.
Qutside these regions, especially in the infrared, limited data
are available, a very discouraging fact to workers in laser
rescarch. Itis, therefore, highly desirable to obtain a theoreti-
cal prescription which allows prediction of dn/dT over a wide
range of wavelengths, based on at most a small number of
experimental measurements.

Ramachandran [26] presented a semiempirical theory of
thermo-optical effects in crystals, in which the dispersion was
fitted to experimental data, employing a series of oscillator
frequencies and strengths as adjustable parameters. A close
correlation was found between temperature shifts of various
parameters and those of the fundamental oscillator frequen-
cies. Unfortunately, the parameters chosen were rather nu-
merous and often physically obscure or not unique; no gener-
al prescription was presented for determining their
temperature variations, which are necessary for calculating
dn/dT. Teay, Bendow, and Mitra [27] introduced a two-oscil-
lator model which accounts for the variation with temperature
of the energy gap (electronic coniribution to dn/d7}] and the
fundamental phenon frequency (lattice contribution to
dn/dT). This model seems to tit the infrared data, but it does
not agree well with the existing data in the uv region. A some-
what modified approach is to formulate a semi-empirical
equation which serves the dual purpose of giving a good fit to
existing data and a reasonable prediction of missing
information.

Unlike the case of alkali halides, dn/dT data for the alka-
line earth halides are not abundant enough to establish an
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TaBLE 6. Special position of the fundamental optical phonon of alkaline earth halides
Material Temperature Ao ALo Author ®
(K) (Micrometer) {Micrometer)
MgF 300 22.2,
24.2,
40.6(0)° Baker [14]
300 18.0,
25.0(e) Baker [14]
CaFy 5 37.04%0.19 20.66+0.10 L
80 37.4510.28 B
100 37.00:£0.19 L
200 37.45+0.19 L
300 389 21.6 K
300 38.02+0.19 20.75+0.10 L
400 38.76+£0.19 L
500 39.5340.20 L
SrFz 5 43.764+0.22 25.19+0.13 L
80 44.44+0.40 B
1060 43.86:£0.22 L
100 44.64 D
200 44.25+0.22 L
300 45.05+0.23 25.3240.13 L
300 46.1 26.74 K
300 45.66 b
400 46.30%0.23 L
500 47.3910.24 L
BaF; 5 52.63=:0.26 28.00:40.14 L
80 52.91:+0.56 B
100 52.63+0.26 L
200 52.9140.26 L
300 53.3340.27 29.07+0.15 L
1 300 54.3 30.67 K
400 54.20+0.27 L
500 55.56:£0.28 L
|

®The letters 0 and ¢ in the parentheses indicate the ordinary-ray and extraordinary-ray, respectively.
The capital letters in this column carry the following abbreviations:

L—YLowndes [15],
B—Bosomworth {16},
K—Kaiser et al [17],
D—Denham et al [23].
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Figure 6. Near-Normal Incidence (®6°) Reflectance Spectrum of BaF, Crystal in the Far Ultraviolet [24].

observable trend of data among materials. This leaves us no
Tasie 7. Temperature depondence of the encrgies of sharp roflectance peaks choice but 10 resurt o the existing theories. Furthermore, in
(after Rubloff) practical applications, the true dn/dT of the material rather

f than the relative dn/dT (relative to air) is generally used.
) Peak energy (eV) Therefore, the true dn/dT is discussed in the present work.
Material The following terms appear in various theories of dn/dT:
90 K 300 K 400 K (1) A constant, 4,, representing the total effect of contribu-
tions other than those considered explicitly in other terms.
CaFa 1118 11.02 10.85 (2) A term arising from thermal expansion of the crystal. Var-
13.04 12.97 12.92 ious theories yield the same expression, —3a (?—1), for
13.93 13.86 13.79 this term, where o is the linear thermal expansion and n the
15.53 15.40 15.37 refractive index corresponding to the wavelength under
25.10 925.05 95.00 ) ]
27.70 27.75 27.75 consideration.
392.85 32.85 32.85 (3) A term due to thermal shift of the uv resonant wavelength.
34.50 34.50 34.50 Starting from the two oscillator model, it is found that this
contribution is
SrFa 10.60 10.41 10.27
12,02 11.98 11.91 A¢ dn,
13.71 13.61 13.55 (e, —A4)— (A2— A2)?
15.86 15.85 15.80 A, dT
22.47 22.42 22.37
;3?2 23?8 : ;2;: where A, is the effective wavelength of uv absorption bands.
29'70 29'70 29’ 20 In some theories A, is replaced by g, the frequency corre-
sponding to the gap energy of the erystal. To evaluate this
BaF2 10.00 9.80 9.76 term requires knowledge which is in general not accurate or is
12.66 12.44 12.46 missing. In cases where there are sufficient dn/dT data for
14.34 14.20 14.24 the uv region, one can determine this quantity through curve
17.10 17.08 17.09 fitti W 1 . h .
19.19 1912 19.14 itting. We shall consider the quantity
19.89 19.81 ' 19.80
22.13 22.05 22,10 1 dn,
(€ — A)—
dT
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us an adjustable parameter 4: in the data-fitting calculation.
\4) A term due to the thermal shift of the optical phonons.
This contribution can be evaluated using the expression

dr
(€0 — € )"—_—‘/0@ A%)

where ‘A corresponds to the wavelength of the TO optical
phonon. The quantities €, €, and A are in general available
in the literature and dA;/dT can be estimated from Lowndes’
work (see figure 3). Therefore there is no unknown param-
eters in this term.

(5) A term due to the thermal variation of the transverse effec-
tive charge, e*. This term is proportional to the expression

— [ ae=m,

Theoretical treatments and direct measurements of de*/d7T
do not appear to exist. There is therefore no alternative but to
estimate the effect of this contribution by fitting the dn/dT
data to the dn/dT formula with

lde
e

(€— €)1 de*
0 “Te* dT

as an adjustable parameter 4.
The following equation summarizes the five contributions men-
tioned above:

AN

2n(dn/dT) = -—(—-—«———-—35—

—3u(n?— 1) + Ayt

(14)

A2 2(€p— €, )\ ( 1 d\ )
— A3 (A2— A3y A dT

In the cases of Cals, Srks, and Baky, the quantities €o, Ay,
and dA;/dT are made available by Lowndes [15], and € is
available from the literature. Although Ay and dA4/d7 can be
asfimated from Rubloff’s {24] ahservations on the reflection
spectra at various temperatures, it is prefered to determine 4,
through the data fitting for CaFz and BaFz. For Sr¥2, uv dn/dT
data are not available, and Rubloff’s results must be used. How-
ever, in the case of Mgk, Callp, Srllz, and BaClg, such informa-
tion is not readily available, and no attempt is made to apply the
dn/dT formula. It should be emphasized that equation (14) gives
the true An/dT of the material, not that relative-to-air. True
dn/dT can be determined either by an interferometric method or
by reduction of relative dn/dT values which are usually deter-
mined by the prism method. The following relation is used to
caiculate true dn/dl from the corresponding relative-to-air
values:

dn ( dn ) dn,;,
~ -+ n ———
dar dT relative dT

dn g/ dT is approximately proportional to the volumetric ex-
pansion coefficient of the air [11]. It can be shown that the value
of dn 4./ dT is about —1.1 X 107 & Therefore, a correction of
—1.1 X107 % should be added to relative dn/dT to obtain the
true dn/dT.

3. Numerical Data

Reference data are generated through critical evaluation,
analysis, and synthesis of the available experimental data. The
procedure involves critical evaluation of the validity and ac-
curacy of available data and information, resolution and recon-
ciliation of disagreements in conflicting data, correlation of data
in terms of various controlling parameters, curve fitting with
theoretical or empirical equations, comparison of resulting val-
ues with theoretical predictions or with results derived from
semi-theoretical relationships. Physical optical principles and
semi-empirical techniques are employed to fill gaps and to ex-
trapolate existing data so that the resulting recommended values
are internally consistent and cover as wide a range of each of the
controlling parameters as possible. No attempt was made to ana-
lyze the thin film data and the regions of strong absorption,
because of the scantiness of reliable information. However, ex-
perimental data for such regions are also presented along with
those for the transparent region in the experimental data tables.

A number of figures and tables summarize the information
and give data as a function of wavelength and temperature. The
conventions used in this presentation, and specific comments on
the interpretation and use of data are given below. Each subsec-
tion in this section gives all the information and data for a given
material. The subsections are arranged in the following order:

3.1. Calcium Fluoride, CaFs
3.2. Strontium Fluoride, SrFs
3.3. Barium Fluoride, BaF;
3.4. Magnesium Fluoride, Mgk,
3.5. Calvium Chlonde, CaCl;
3.6. Strontium Chloride, SrCl,
3.7. Barium Chloride, BaCly

Prescnted in cach subscction are information and data in the
following order:

a text describing the material and discussing the data, analy-
sis, and recommendations,

a table of recommended (including provisional) values on n,
dn/d\, and dn/dT,

a figure of n,

a figure of dn/dA,

a figure of dn/dT,

a table of measurement information on #,

a table of experimental data on n.

a table of measurement information on dn/d7 (if any),

a table of experimental data on dn/dT (if any),

a table for comparison of proposed dispersion equations (if
any).

In all figures containing experimental dala, a curve number
corresponds to a data set number assigned in the accompanying
tables on the measurcment information and experimental data.
When several sets of data are too close to be resolved, some of
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the data sets, though listed in the table, are omitted from the
figure for the sake of clarity.

In the figures of index n and dr/dT, the wavelength is plotted
on a logarithmic scale in order to cover a wide wavelength range
in a single plot. In the figures for dn/dA, both dn/dA and A are
logarithmically plotted. The tables on the measurement infor-
mation give for each set of data the following information: the
reference number, author’s name (or names), year of publica-
tion, experimental method used for the measurement, wave-
length range covered by the data, temperature range, the de-
scription and characterization of the specimen, and information
on measurement conditions contained in the original paper. In
these tables the code designations used for the experimental
methods for refractive index determinations are as following:

Abeles method

Deviation method (prism method)
Pulfrich or Abbe refractometer
Interference method
Transmission method

Reflection method

Immersion method

High frequency modulation method
Brewster angle method
Polarization method

Thickness determination method
Multilayer method

Focal length method

SO WED ST O e

The methods listed above are arranged in the order of the inher-
ent accuracy or their popularity. The deviation method is the
most popular and accurate means of determining the refractive
indices to the fifth decimal place or better. The Pulfrich refrac-
tometer and interference technique can be used up to the fourth
decimal place. Transmission, reflection, and immersion meth-
ods yield results good to the third place, while the multilayer and
focal length results are no better than two or three places. For a
comprehensive yet concise review of all these methods, the
reader is referred to the text in [8] and [9].

For some materials, dispersion equations have been pro-
posed in a number of earlier works. In such cases, a table
listing a few typical proposed equations is given. All equations
are converted to the form of eq (7) whenever possible so as to
facilitate a visual comparison. This table is by no means an
exhaustive collection; however, it gives the reader a general
picture on the evolution of the dispersion formulas used in the
calculation of the refractive index.

In the tables of recommended (including provisioual) val-
ues, the values are presented with step-wise increasing incre-
ments in wavelength. The magnitudes of the increments vary
with the slope and curvature of the curve to facilitate linear
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interpolations. The following scheme (in units of micrometer
is uniformly adopted for this presentation.

Wavelength range Increment

<0.30 0.002
0.30— 0.40 0.005
0.40— 0.60 0.01
0.60— 1.00 0.02
1.00— 5.00 0.05
5.00—10.00 0.10
10.00—15.00 0.20

>15.00 0.50

-In the tables, values for each property are given to the same
number of decimal places in order to show the variations of
the property and for tabular smoothness; this should not be
interpreted as indicative of the accuracy of the values. The
uncertainties of the tabulated values for the refractive index,
dn/dn and dn/dT for each material in different wavelength
ranges is given in the discussion pertaining to the material. In
connection with this, the tabulated values are classified as
“recommended values” or “provisional values™. The criteria
of the classification depend upon the level of confidence in the
values as given below:

Uncerlainty range Classification
For refractive index:
=0.005 recommended
>0.005 provisional
For dn/dT (in units of 1076 K™ Y:
=3.0 recommended
>3.0 provisional

1t should be noted that recommendations are made only for
the bulk materials at 293 K in the transparent wavelength
region,

In general, refractive indices obtained by the deviation
method are reported to the fifth or sixth decimal place. How-
ever, detailed compositions and characterizations of the speci-
mens are usually not clearly given. Since impurities in the sam-
ple and conditions of the surfaces are decisive factors affecting
the observed results, such highly precise data can not be applied
to a sample chosen at random. For this reason we do not
attempt to recommend any particular set of data with the
reported high accuracy, but 1o generate the most probable
values for the pure crystals. As a result, the estimated
uncertainties for the recommended values on the refractive
indcx are higher than those for the reported data obtained by
high-precision measurements. In this work, the highest esti- -
mated accuracy of the refractive index is to the fourth decimal
place.
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3.1. Calcium Fluoride, CaF >

Calcium fluoride, one of the fluorite-type crystals, is of consi-
derable interest from the experimental and theoretical point of
‘view. The compound is ionic but, in contrast to binary NaCl-type
vrystals, it has a number of structural features associated pri-
warily with the presence of two equivalent F~ ions in a unit
fluorite cell.

Rather pure single crystal calcium fluoride is found in nature
and is called “Fluorite” or “Fluorspar”. Calcium fluoride of
similar purity, but of larger dimensions, has been produced by
controlled freezing of purified molten calcium fluoride after an
initial scavenging with lead fluoride. Fluorspar is widely used in
iron foundry operations, the manufacture of primary aluminum
and mégnesium, as source of fluorine chemicals, for the produc-
tion of glass and enamels, and innumerable other uses.

Calcium fluoride has been an important optical material used
in the design of optical components and systems for many years
because it occurs naturally in large sizes and many measure-
ments on the refractive index are available. The crystal is trans-
parent in the region from about 0.15 to 15 micrometers. The
transparent region may be divided into three subregions, in each
of which CaF2 has useful applications. From 0.15 up to 0.3
micrometer and from 6.0 up to 15 micrometers the dispersion is
high and the crystal is used for high dispersion devices, in spite
of low transmittance at the limits. In the region from 0.3 up to
6.0 micrometers dispersion is low but transmission is high, and
it is therefore used as windows and lenses in optical systems.

Among the alkaline earth halides, calcium fluoride is the
most used material. One of the reasons is that it is readily avail-
able in large sizes. In the present work we have compiled more
than thirty data sets. The earliest measurement on the refractive
index of CaF2 was made by Stefan [28] in 1871. Since then,
numerous observations were carried out. Among the early active
investigators are Ruben [32], Paschen [37] and Martens [41]. As
can be anticipated, the early work was performed in the trans-
parent region by the prism method. As a result, refractive in-
dices of CaF: in the wavelength region from 0.18 to 9.43
micrometers were already available by the turn of the century.
Coblentz [9], in 1920, reduced the measured and computed val-
ues of Langley [39], Paschen [3Y] and Rubens [35] to a common
temperature of 293 K and after careful analysis adopted a table
of refractive index from a smooth curve drawn through these
data. This tahle of refractive index was thought ta represent the
most accurate and comprehensive values available in the litera-
ture. Another table of refractive index was compiled by Kohl-
rausch {95] in 1940, including data in the ultraviolet region.

It can also be anticipated that refractive indices in the visible
region are accurate, while those in the invisible regions need
further verification because of inadequate infrared detecting de-
vices and inaccurate spectral line identification. Most of these
data have been referenced and compared and quoted in the liter-
ature through the years, but no further measurement in this
region was made until 1963, when Malitson [48] performed a

systematic measurement of the refractive index for both natural

and synthetic CaFs crystals in the spectral region from 0.22 to
9.73 micrometers, using the prism method. He found that the
difference in refractive index of the synthetic and natural
fluorite is of the order of 3 X 107° This excellent agreement

between samples demonstrates that the artificial crystal, when
properly synthesized, should be comparable in refractive
properties to good natural fluorite. Compared with values of
Coblentz and Kohlrausch, good agreement is observed in the
visible region and discrepancies occur in the ultraviolet and
infrared as expected. Dodge [93] measured refractive indices
for a sample of hot-forged CaF2, polycrystaline, in the wave-
length range from 0.25 to 8.0 pm by means of minimum
deviation method. at two temperatures, 294 K and 307 K.
Each of the data sets was fitted to a three-term Sellmeier
equation within a few parts in the fifth decimal place.
Compared with the single crystal data, it was found that in
most parts of the wavelength region considered where the
refractive index of the hot-forged CaFs is always less than that
of single crystal. The discrepancies reach to a minimum
between 0.7 and 0.9 um and a maximum discrepancy of
0.00066 occurs at 0.28 um and 4.8 um. Beyond these two
wavelengths in the ultraviolet and infrared, refractive index of
hot-forged CaF» becomes sharply higher than that of a single
crystal.

Experimental measurements on the refractive index of Cal
in the transparent region were made for the purpose of optical
applications such as aptical components and system design, par-
ticularly for the ultraviolet and infrared regions. Experimental
studies outside the transparent region were performed with dif-
ferent purposes in mind. In the ultraviolet region the main inter-
est is to determine the band structure of the crystal. Because of
high abserption in the vacuum ultraviolet, the optical properties
in the short wavelength region can only be derived through the
analysis of reflection spectra. Fabre et al. {49] found, through
Kramers-Kronig analysis, a strong absorption peak located at
0.112 micrometer which sets the lower wavelength limit of the
transparency of CaFa. Field et al. [52] found, by the oscillator
fit method, that the absorption peak nearest to the transparent
region is at 0.119 micrometer. The complexity of absorption
in the UV region is revealed by further exploration into the
UV region with higher photon energy. Ganin et al. [53]
studied the optical properties in the energy range 5-20 eV by

Kramers-Kronig analysis of the reflection spectrum. In addi-

tion to the first absorption peak at 0.112 micrometer, he
observed more absorption peaks with intensities comparable
to that of the first peak. Further details of the reflection
spectrum in the UV region were investigated by Rubloff[24],
with photon energy up to 36 eV, at three temperatnres as
shown in figure 4 and table 7.

In the far infrared region, the purpose of the majority of stu-
dies has been to determine precisely the frequencies of the opti-
cally active lattice vibrations, and the refractive index at long
wavelength. In the absence of absorption, refractive index at
long wavelength is approximately the square root of the static
dielectric constant. Berman et al. [S0] investigated the region
from 294 to 580 micrometers using the reflection and transmis-
sion method. The resulted refractive indices in the region from
290 to 580 shown no dispersion within the limits of experimen-
tal error and the averaged value of refractive index, 2.58, is in
agreement with that calculated from the static dielectric con-
stant. However, dispersion of n occurs in the region from 110 to
280 micrometers. Kaiser et al. [17] studied the reflection spec-
trum in the restrahlen region from 10 to 80 micrometers. Two
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absorption peaks were deduced from the reflection spectrum by
the Lorentz oscillator theory. The stronger one, at 38.9 micro-
meters, was identified as the optical active TO resonance and the
other one, about one order of magnitude weaker, is at 30.5. The
-origin of this weaker absorption was unknown and Kaiser pro-
posed the possibility of a two-phonon combination band involv-
ing the TO mode. However, this weak absorption does not ap-
pear in Lowndes’ work [15] in which the reflection spectrum was
studied by Kramers-Kronig analysis. Since Lowndes may have
used a purer sample than that used by Kaiser, it is likely that the
weaker absorption at 30.5 micrometers is due to impurity con-
tents of the sample.

On the basis of our review of available data, data sets meas-
ured by Maltison [48], Martens [41], and ‘Paschen [40] were
selected as the basis for reference data generation because of the
consistency of their results. Malitson used the Sellmeier formula
to mathematically fit his experimental data. The resulting Sell-
meier formula is listed in table 17, where dispersion quotations
proposed by various investigators are listed together to fascili-
tate a visual comparison. The optical dielectric constant calcu-
lated from his equation is 2.04, which is in agreement with those
obtained from other dispersion equations. However, the static
dielectric constant based on his cquation is 5.887, substantially
lower than the experimental value, 6.81. This large discrepancy
is. mainly due to a low value of the infrared absorption wave-
length used in his equation. The dispersion equation obtained
by Martens included three terms due to infrared absorption and
yielded a value of 6.92 for the static dielectric constant. He used
as wavelengths of the three absorption bands 24.0, 31.6, and
40.53 micrometers. The second corresponds to that reported by
Kaiser et al. and the third and first correspond to the TO and LO
mode phonons, respectively. Although these wavelengths are
somewhat longer than the corresponding but more reliable val-
ues now available, it is indeed surprfsing that Martens could
make a prediction based on the then available refractive index
data in a limited wavelength range.

To account for the ultraviolet absorption effects, Malitson
used two terms, the one with the longer resonant wavelength
representing the total effect of the first few strong absorption
peaks and the other representing the effect of the remaining
absorption. Martens used a single term and a constant to account
for the effect of ultraviolet absorptions. The first term repre-
sented the total effect of excitations of electrons from the upper
valence bands to the lower conduction bands, while the constant
represented the total effect of excitations.of the outermost core
electrons, the interband and ionizating transitions.

In the present work, we followed Marten’s treatment for uv
contributions and used the available wavelengths of optical
phonons for the infrared terms in the dispersion equation. More
precisely, the equation consists of a constant, one term from uv
contributions and two tcrms from infrared comtributions. The
following two values were chosen as the wavelengths of optical
phonons:

Ao = 21.18 micrometers (average of two entries in table 6),

Ao = 38.46 micrometers (average of three entries in table
6),

The calculation yiélded the following dispersion equation for
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Ca¥y at 293 K in the transparent region, 0.15-12.0 micron
ters:

. 0.69913 A2

2
= 1.33973 + 0.11994 A
A2— (0.09374)2

A2 (21.18)2
i a

n

4.35181 A2
AZ— (38.46)2°

where A is in units of micrometers.

This dispersion equation closely fits Malitson’s values, witl
root mean square residual of 2.4 X 107% in the spectral regi
from 0.22 to about 10.0 micrometers. However, in extendi:
the use of the equation beyond this region care must be exe
cised because of the uncertain accuracy with which it represen
effects of the nearhy absorption bands. In the infrared regio
beyond 10.0 micrometers, this equation would be expected to |
valid up to 12 micrometers, because absorption bands in f
infrared regions have little effect on the refractive index in tl
transparent region. In the ultraviolet region the situation is di
ferent. The effective wavelength, Ay, can be used in represen
ing the total effect of a number of absorption bands on the r
fractive index in the transparent region far enough from the fir
exciton peak at 0.112 micrometer, but in the spectral range fro)
0.15 to 0.22 micrometer errors may arise from. errors in th
values of A, which was determined by fitting the available dat
at wavelengths longer than 0.22 micrometers. An estimate of a
upper limit on the uncertainties can be evaluated by the follow
ing equation, obtained by differentiating eq (15) with respect t
A

An =

0.69913 A2 (MA 7\“) (1€
(A2= 22 n
where AAy, = 0.112 — A,.

The optical dielectric constant obtained from eq (15) is
2.03866, in good agreement with that from other work. The
static dielectric constant implied by this equation is 6.511,
about 0.3 less than Andeen’s value (see table 5). This discrep-
ancy is no larger than that is to be expected, since there are still
many resonant far infrared absorptions, not accounted for by eq
(15), which make small contributions to the static dielectric con-
stant. The Sellmeier formula is at best an approximation de-
scribing the observed data in the transparent region by neglect-
ing the damping factors in the dispersion equation. Ignoring the
damping factors effectively reduces the magnitude of the coeffi-
cients of the corresponding terms, and leads to a smaller value of
the static dielectric constant.

In addition to the room temperature refractive index, dn/dT
data is needed for evaluation of » at other temperatures. Among
the alkaline earth halides, calcium fluoride is the only material
for which dn/dT has been frequently investigated. The resulting
data are given in figure 10 and table 13. It is clear from figure 10
that discrepancies between investigators are quite appreciable
at wavelengths longer than that of visible light. However, the
magpnitude of the discrepancies is in the order of 1t02 X 107¢
K=, which is in same order of magnitude of dng; /dT as dis-
cussed in section 2.2. The other source may be due to uncertain-
ties in the determination of refractive indices, because the tem-



REFRACTIVE INDEX OF ALKALINE EAﬁTH HALIDES 179

perature intervals used in these experiments are in general less
than 100 degrees; thus discrepancies of a few units in the fifth
decimal place or of one unit in the fourth place of the refractive
indices will give large discrepancies in drn/d7. It can be seen
from figure 10 that the discrepancies become noticeable in the
region beyond about one micrometer in the infrared. Expen-
mental errors in measuring refractive indices are likely to be
large in this region because no photographic method can be
used. However, among the available data, those reported hy
Lipson et al. [59], by Harris et al. [60], and by Tsay et al. [92]
were obtained by using an interference methed in which dn/dT
was determined directly by observing the changes in the number
of fringes in a given temperature interval. This method is be-
lieved to be the most accurate method for the determination of
dn/dT, but data obtained by this method are available only at
five spectral lines, wavelengths 0.325, 0.4416, 0.6328, 1.15,
and 3.39 micrometers, ‘

With the existing data we have no alternative but to use the
data of Micheli {56}, Liebreich [57, 58}, and Malitson [48] at
wavelengihis shorer than 0.8 micrometer in the determination
of the coefficients of the constant and ultraviolet terms, neglect-
ing the infrared terms. This approximation is valid because a
simple calculation will show that the effect of the infrared terms
on dn/dT in the wavelength range mentioned is less than 0.1,
while the magnitude of dn/dT is about 10. Then, by using the
data of Lipson et al. [59] and of Tsay et al. [92] in the calculation
of the coefficients of the infrared terms, we found the equation
given below, which closely fits the selected data:

4
22— 166 — 573 (2= 1) 4 —TRON
dr [A2— (0.09374)%)?
(17
151.54 A2 ‘ 1654.6 A*
AZ— (38.46)2 [A2— (38.46)2)2

Data on the temperature dependence of dn/dT have been
obtained for five spectral lines by Houston et al. [47], Selezneva
|68}, Lipson et al. [59], and Tsay et al. [92]. The measurement
information and results of their work are given in tables 15 and
16 and are plotted in figure 11. A general trend revealed by the
available data is that in the vicinity of room temperature and
magnitude of dn/dT increases slightly with temperature. Al-
though available data on dn/dT versus temperature are limited

to a few particular wavelengths, the same trend is likely to hold
at other wavelengths. A similar effect was noted by Malitson
[48]. The possible origin of this increase was discussed by Lip-
son et al. and Tsay et al., with the conclusion that the dn/dT of
CaF’; exhibits a variation with temperature comparable to that of
the thermal expansion coetticient. However, the relation be-
tween the variation of dn/dT with temperature and the change
of the thermal expansion coefficient has not yet been established
for general applications because it varies very much with wave-
lengths. For the time being the application of eq (4) to evaluate
dn/dT at temperatures not far from 293 K is recommended.

Equations (15) and (17) were used to generate the reference
data given in the table of recommended values. Values of
dn/d\ were simply evaluated by the first derivative of eq (15).
Although the values of n are given to the fourth decimal place
and those of dn/dT to the first, this does not reflect the
accuracy and reliability of the results; they are so given simply
for smoothness of tabulation. However, an overstrike is placed
to indicate the insignificant part of the value. For the proper
use of the tabulated values the reader should follow the
criteria given below.

For refractive index:

Wavelength range Estimated

micrometer uncertainty, =+
0.15-0.20 0.005
0.20-0.30 0.0005
0.30-0.40 0.0002
0.40-9.00 0.0001
9.00-10.0 0.0005
10.0-12.0 0.005
For dn/dT:
0.15-0.20 3.0
0.20-0.30 2.0
0.30-1.00 1.0
1.0-6.00 1.5
6.0-10.0 2.0
10.0-12.0 3.0
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TABLE 8. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAUELENGTH AND
TEMPERATURE DERIUATIVES FOR CALCIUM FLUORIDE AT 293K *

08t

0861 ‘'L "ON ‘6 "I0A ‘Di0Q “joY Woy) sAyg T

A -dn/dX dn/dT A o ~dn/dA dn/dT A o  —dn/d\ dn/dT
um n um * 10 °K ! um pum * 10 5k} Ym um ' 10 k!
0.150 1.5763 3.1078 6.1 0.220 1.4811 0.5819 -B.1 0.290 1.4560 0.2163 -8.
0.152 1.5709 2.8003 - 5.2 0.222 1.4800 0.5623 -6.2 0.232 1.4556 0.2113 -8.8
0.154 1.5653 2.7121 4.3 0.224 1.4788 0.5436 -6.3 0.294 1.4552 0.2085 -8.8
0.156 1.5600 2.54i2 3.5 0.226 1.4778 0.5258 ~6.4 0.296 1.4548 0.2018 -8.8
0.158 1.5551 2.3854 2.9 0.228 1.4767 0.5088 -6.5 0.238 1.4544 0.1972 -8.7
0.160 1.5505 2.2429 2.3 0.230 1.4757 0.4925 -6.5 0.300 1.4540 0.1328 -8.7
0.162 1.546] 2.1125 1.7 0.232 1.4748 0.4763 ~B.7 0.305 1.4531 0.1823 -8.8
0.164 1.5420 1.8326 1.1 0.234 1.4738 0.4620 -6.8 0.310 1.4522 0.1727 -8.89
0.166 1.5382 1.8823 0.5 0.235 1.4729 0.4478 -6.3 0.315 1.4513 0.1637 -8.8
0.168 1.5345 1.7806 0.1 0.238 1.4720 0.4341 -7.0 0.320 1.4505 0.1553 -8.0
0.170 1.5310 1.6865 =-0.3 0.240 1.4712 0.4211 -7.T 0.325 1.4498 0.1475 -9.1
0.172 1.5278 1.5994 =-0.7 0.242 1.4704 0.4086 -7.2 0.330 1.4490 0.1403 -S.1
0.174 1.5246 1.5186 ~-1.1 0.244 1.46956 0.3965 -7.2 0.335 1.4484 0.1335 -9.2
0.176 1.5217 1.4435 -1.5 0.246 1.4688 0.3850 -7.3 0.340 1.4477 0.1272 -9.3
0.178 1.5189 1.3736 -1.8 0.248 1.4680 0.3733 -7.4 0.345 1.4471 0.1212 -9.3
0.180 11,5162 1.3084 ~-2.L 0.250 1.4673 0.3633 -7.5 0.350 1.4485 0.1157 -9.24
0.182 1.5136 1.2475 -2.4 0.252 1.4666 0.3531 -7.5 0.355 1.4458 0.1105 -9.%
0.184 1,512 1.1906 ~2.7 0.254 1.4653 0.3433 ~-7.§ 0.360 1.4454 0,1056 ~-9.5
0.186 1.5088 1.1373 -3.0 0.256 1.4652 0.3338 -7.7 0.365 1.4448 0.1010 -9.5
0.188 1.5066 1.0873 ~3,3 0.258 1.4645 0.3247 -7.7 0.370 1.4444 0.0967 -9.5
0.190 1.5045 1.0403 -3.5 0.260 1.4638 0.3160 -7.8 0.375 1.4433 0.0826 ~9.5E
0.192 1.5025 0.9362 -3.7 0.262 1.4633 0.3075 -7.8 0.380 1.4435 0.0887 -9.§5
0.194 1.5005 0.9547 ~4.0 0.264 1.4627 0.2994 -7.3 0.385 1.4430 0.0851 -9.7
0.1956 1.4986 0.9156 -4.2 0.266 1.4621 0.2916 -8.0 0.330 1.4426 0.0817 -9.7
0.198 1.4965 0.8787 -4.%4 0.268 1.4615 0.2840 -8.0 0.395 1.4422 0.078¢ =-3.7
0.200 1.4951 0.8433 -4, 0.270 1.4503 0.2768 -8.1 0.400 1.4418 0.075¢ ~9.8
0.202 1.4935 0.8110 ~4.8 0.272 1.4604 0.2697 -8.1 0.410 1.4411 0.0837 -9.8
0.204 1.4919 0.7798 ~-4.3 0.274 1.4533 0.2630 -8.2 0.420 1.4404 0.0646 -9.3
0.206 1.4304 0.7503 -5.1 0.276 1.4593 0.2564 -B.2 0.430 1.4338 0.0601 -9.3
0.208 1.4889 0.7224 -5.2 0.278 1.4588 0.2501 -8.3 0.440 1.4332 0.0553 ~-10.0
0.210 1.4875 0.6953 -5.4 0.280 1.4583 0.2440 -8.3 0.450 1.4387 0.0522 -10.0
0.212 1.4861 0.6708 -5.5 0.282 1.4578 0.2381 -8.4 0.460 1.4382 0.0488 =-10.1
0.214 1.4848 0.6463 -5.7 0.284 1.4574 0.2324 -8.% 0.470 1.4377 0.0456 =10.1
0.216 1.4835 0.6241 -5.8 0.286 1.4568 0.2268 -B.% 0.480 1.4373 0.0428 ~-10.1
0.218 1.4823 0.6025 -5.9 0.288 1.4565 0.2215 -8.5 0.430 1.4368 0.0402 -10.2

T'HH



00,0117 =
07 0.0410

0088"

:f;. Oif., 188"
- 0.0084 -




TABLE 8. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAUELENGTH AND
TEMPERATURE DERIUATIVES FOR CALCIUM FLUORIDE AT 293K (CONTINUED)*
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A n ~dn/dX  dn/dT A n —dnédk dg/dz A n -dn/dX dnédzl
um pm L 10 °k ! Lm m * 107 %! um um b 10 %k
4,750 1.4019 06,0113 -10.3 5.700 1.3745 0,0168 ~9.4. 8.900 1.3292 0.02468 -7.1
4.800 1.4013 0.0114 =-10.3 6.800 1,3728 0,017 -9.3 9.000 1,3268 0.0250 ~-7.0
4.850 1.4007 0.0115 -10,3 £.900 11,3711 00,0175 -8.2 S.100 1.3242 0.0254 ~6.8
4,900 1.4001 0.0117 -10.3 7.000 1.3693 0,0178 -9.2 9.200 11,3217 0.0258 ~6.7
4,850 11,3386 0.0118 -10.3 7.100 1.3675 0.0181 -9.1 9.300 1.3191 0.0263 -6.5
5.000 1.3890 0.0118 -10.2 7.200 1.3657 0,0184 ~9.0 9.400 1.3184 0.0267 ~6.3
5.100 1.3877 0.0122 -10.2 7.300 1,3638 10,0188 -8.8 9.500 11,3137 0.0271 -B.1
5.200 1.3965 0.0125 -10.2 7.400 1.3618 0,0181 -8.8 9.600 1.3110 0.0276 -6.0
5.300 1.3952 0.0128 -10,1 7.500 11,3600 0,0184 ~8.7 9.700 11,3082 0.0280 -5.8
5,400 1.3939 0.0130 -10.1 7.600 1,3580 0,0188 -B.7 S.800 1.3054 0.0285 -5.6
5.500 1.3826 0.0133 -10.0 7.700 1.3560 0.0201 ~8.B 9.900 1.3025 0.0288 -5.4
5,600 1.3813 0.0136 -10.0 7.800 1.3540 0.0205 ~B.5 10.000 1.2986 0.0294 -5.2
5.700 1.3883 0.0133 -9.9 7.800 11,3518 0,0208 -8.4 10.200 1.2938 0.0304 <~4.7
5.800 1.3885 0.0142 ~8.8 8.000 1.3498 0,0212 -8.2 10.400 1.2874 0.0314 =-4,3
5.900 1,3871 0.0144 ~39,8 8.100 1,3477 0,0215 -8.1 10.600 1.2810 0.0324 -3.8
6.000 11,3856 0.0147 -9.8 8.200 11,3455 0,0219 -8.0 10.800 1.2744 0.0335 -3.3
6.100 11,3841 10,0150 ~9.7 8.300 11,3433 0,0223 -7.3 11.000 1.2678 0.0346 -2.7
6.200 1.3826 0.0153 -9.7 8.400 1,3411 0,0226 -7.8 11.200 1.2608 0.0357 -2.L1
6.300 1.,3810 0.0156 -9.8 8.500 1,3388 0,0230 7.7 11.400 1.28533 0.0389 ~-1.5
§.400 1.,3795 0,058 -9.6 8.600 1.3364 0,0234 -7.5 11.600 1.2458 0.0382 -0.8
8.500 1.3778 0.0162 -9.5 8.700 1.3341 0,0238 -7.4 11.800 1.,2380 0.0395 ~0.0
6.600 1.3762 0.0185 -9.4 8.800 1.3317 0.0242 -7.3 12.000 1.,2298 0.0408 0.7

* IN THIS TABLE MORE DECIMAL PLACES ARE REPORTED THAN WARRANTED MERELY FOR THE PURPOSE OF TABULAR
SHMODOTHNESS AND INTERNAL COMPARISON. FOR UNCERTAINTIES OF TABULATED UALUES IN UARIOUS WAVELENGTH
RANGES, SEE THE TEXT OF SUBSECTION 3.1. THE NUMBER OF DIGITS WITH AN OUERSTRIKE IS NOT RELAUVENT
TO THE ACCURACY OF THE UALUES.
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TABLE 9. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF CALCIUM FLUORIDE (HAUELENGTH DEPENDENCE).

patA
SET-ND. .

REF.
NO. -

AUTHOR(S)

USED

" YEAR METHOD - WAVELENGTH
. RANGE, 1m

TEMP.
K' N

'§PEc1Fic9T:oHsEéﬁn'kéﬁaRKs;_

28
ARE-

30

31

32

33

34

35

36

STEFANs J.H.

. SARASIN,M.E.

PULFRICH C.

RUBENS H.

SNOW»BoH.

RUBENS, H.

CARVALLDsM.E.

SIMON, H.T.

RUBENS, H.

RUBENS H.

1871

1883
- 1892
1892

1892

1893

1894

1894

1884

R

- 0.39-0.69

. 0.18-0.76 .

0,589
0.43-8.07

0.43-3.33

10.63-1.85

0.20-0.77

1,98-6.48

6.90-8.95

24

293

290

291

291

293

233

291

- 291

""NQTURQL CRVSTAL: kasﬁhTib‘ébEcrnsnf NEAR 44 DEGREE APEX

* ANGLE3. REFRACTIVE INDEX DETERMINED BY DEVIATION METHUD FﬂR
5 SPECTRHL LINES' DRTH EXTRRCTED FRDM ﬂ TﬂBLE.;r

NHTURHL CRYSTAL: PRISMHTIC SPECIMEN. NEHR 60 DEGREE RPEX

ANGLE; REFRACTIVE INDEX DETERMINED -BY DEVIATION METHOD FOR :
24 SPECTRAL: LINES: .DATA EXTRQCTED FROM H TRBLE- TEMPERRTURE;

‘NOT. GIVEN,~ 293K RCSUMED.l s

. NRTURRL CRYSTHL, PRISMQTIC SPECIMEN- MEAR 25. 5 DEGREE HPEX B

ANGLEs REFRACTIVE INDEX DETERMINED:BY AN-ABBE .AUTO
COLLIMATION METHOD FOR THE MEﬁN OF SODIUM D LINES- DﬂTﬂ
. EXTRHCTED FRUM ﬂ TQBLE. ) ‘

NRTURQL CRYSTRL. PR]SMQTIC cPECIMEH. NEﬁR 80 DEGREE QPEX
“ANGLE; - REFRACTIVE INDEX DETERMINED BY MINIMUM DEUIATION

METHOD FOR 25 SPECTRAL LINES: DATA EXTRACTED FROM ﬁ TRBLE. :

NATURAL CRYSTML. PRISMATIC ‘SPECIMEN: NEﬁR 60 DEGREE. HPEX

ANGLE, 5.5 CM EDGE; REFRACTIVE INDEX:DETERMINED BY MINIMUM o
DEUIATION METHOD FOR 19 SPECTRQL LINES» DATA EXTRACTED FROM

A TABLE:

‘ NﬁTURHL CRYSTQL. PRISMATIC.SPECIMEN: NEAR 69 DEGREE APEX

ANGLE; REFRACTIVE INDEX® DETERMINED BY.MINIMUM-DEUIATION
METHOD FOR 8 SPECTRAL LINES: DATA EXTRACTED FROM A TABLE:
TEMPERATURE NOT- GIVENs 293K: HSSUMED- A BRIOT FORMULQ BEST
FIT THE RESULTS RLSO GIVEN.

NRTURHL CRYSTQL; PRISMGTIC SPECIMEN. DIMENSIONS NOT GIUEN.
REFRACTIVE- INDEX DETERMINED BY DEUIATION METHOD- FOR 37
SPECTRAL. LINES; DATA EXTRACTED FROM H TABLES TEMPERHTURE
~NOT GIUEN; 283K HSSUMED.»

NHTURQL CRYSTGL. PR[SMQTIC SPECIMEN. 60 DEGREE APEX HMGLE.
. REFRACTIVE .INDEX DETERMINED BY MINIMUM DEUIATION: METHDD FDR
18 SPECTRHL LINES» DQTQ EXTRACTED FROM R TABLE. :

NATURAL CRYSTQL. PRISMHTIC SPECIMEN; " 60 DEGREE APEX RNGLE-

REFRACTIVE INDEX DETERMINED BY MINIMUM ‘DEVIATION METHOD, FOR{

10: SPECTRAL -LINES: DATA EXTRACTED FROM. A TABLE.

SAANVH HIAVE ANAVIITY. 40 X3ANIIAILOVU4IY.



0861 ‘L "ON ‘6 °|9A ‘DipQ "jay "wey) sAyd T

TABLE S. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAVELENGTH DEPENDENCE) (CONTINUED)

DATA
SET NO.

REF.
NO.

RUTHOR(S) -

YEAR METHOD WAUELENGTH TEMP.
RANGE, Um

USED

K

SPECIFICATIONS AND REMARKS

10

11

12

13

14

15

18

17

37

38

39

40

41

42

43

44

PASCHEN, F.

PASCHEN, F.

LANGLEY»S.P. .

PASCHEN, F .

MARTENS»F.F.

MARTENS»F.F.

PFUND»ALH,

RAMADIER-DELBES

1894

1885

180¢

1801

1901

1802

194}

1850

D

0.88-9.43

0.88-7.66

0.,76-3.41

0.88-7.07

0.18-0.77

0.50-0.65

0.58

8.0~15.0

291

230

293

284

a2s1

291

293

233

NATURAL CRYSTAL: PRISMATIC SPECIMEN; NERR 6C DEGREE APEX
FNGLE; REFRACTIVE INDEX DETERMINED BY MINIMUM DEUVIATION
METHOD FOR 34 SPECTRAL LINES: DATA EXTRACTED FROM A TABLES
TEMPERATURE UNCONTROLLED BUT WITHIN THE RANGE 290-233K: A
ERIOT FORMULA BEST FIT THE RESULTS ALSO GIVEN.

NATURAL CRYSTAL; PRISMATIC SPECIMEN: NEARR 60 DEGREE APEX
ANGLE; REFRACTIVE INDEX DETERMINED BY MINIMUM DEUIATION
METHOD FOR 24 SPECTRAL LINES; DATA EXTRACTED FROM A TABLES
TEMPERATURE UNCONTROLLED BUT WITHIN THE RANGE 288-281K: A
KETTELER FORMULA ALSO GIVEN:; THE AUTHOR POINTED OUT THAT
THE APEX ANGLE OF THE PRISM IN HIS 1834 WORK MISDETERMINED.

SINGLE CRYSTAL: PRISMATIC SPECIMEN; NEAR 60 DEGREE APEX
FNGLE, 30MMX38MM UIEW SURFACE; REFRACTIVE INDEX DETERMINED
EY DEVIATION METHOD: DATA EXTRACTED FROM R TABLE:
UNCERTAINTY OF INDEX LESS THAN ONE UNIT OF THE FIFTH
LECIMAL PLACE.

NATURAL CRYSTAL: PRISMATIC SPECIMEN: NEAR 6( DEGREE APEX
FNGLE; REFRACTIUE INDEX DETERMINED BY MINIMUM DEUIATION
METHOD FOR 18 SPECTRAL LINES: DATA EXTRACTED FROM A TABLE:
KETTELER FORMULA ALSO GIUVEN.

NATURAL CRYSTAL; PRISMATIC SPECIMEN; NEAR B0 DEGREE APEX
ENGLE, S54MM HEIGHT,» S4XSO0MM UIEW SURFACE; REFRACTIVE INDEX
TETERMINED BY DEUIATION METHOD FOR 40 SPECTRAL LINES: DATA
EXTRACTED FROM A TABLE; A SELLMEIRE TYPE DISPERSION
EQUATION BEST FIT THE DATA ALSO GIUEN.

NATURAL CRYSTAL: PRISMATIC SPECIMEN: NEAR 6C DEGREE APEX
FNGLE; REFRACTIVE INDEX DETERMINED BY DEVIATION METHOD FOR
2 SPECTRAL LINES: DATA EXTRACTED FROM A TABLE.

CRYSTAL OF UNSPECIFIED TYPE; FRESHLY POLISHED SURFACE:
REFRACTIVE INDEX DETERMINED BY MEANS OF BREWSTERIAN ANGLE?
DH;R EXTRACTED FROM A TABLE; TEMPERATURE NOT GIUEN, 283K
ASSUMED.

SINGLE CRYSTAL: THIN FILM SPECIMEN OF 25~50 MICROMETER ON
METALLIC SUBSTRATE; REFRACTIVE INDEX DETERMINED BY'
INTERFERENCE METHDD FOR 15 SPECTRAL LINES: DATA EXTRACTED
FROM A TABLE; TEMPERATURE NOT GIVEN, 233K ASSUMED.

4\
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TABLE 3. 'MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAUELENGTH DEPENDENCE) (CONTINUED)
DATA REF. AUTHOR(S) YEAR METHOD WAVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE, um K
18 45 HEISEN,A. 1361 I 0.43,0.54 283 THIN FILM SPECIMEN OF WEDGE SHAPED; UACUUM DEPOSITED:
REFRACTIVE INDEX DETERMINED BY INTERFERENCE METHOD FOR 2
SPECTRAL LINES: DIGITIZED UALUES REPORTED: REPORTED
UNCERTAINTY 0.5%: TEMPERATURE NOT GIUEN, 293K ASSUMED: IT
WAS FOUND THAT THE THIN FILM UALUES AGREED WITH THOSE OF
THE BULK MRTERIAL.
18 17 KAISER,sH. 1362 R 10.0-80.0 300 SINGLE CRYSTAL: PLATE SPECIMEN: 0.1-5.0MM THICK; HIGHLY
SPITZERsU.G. POLISHED SURFACES: NEAR NORMAL INCIDENT REFLECTION SPECTRUM
KAISERsR.H. OBTAINED:; REFRACTIVE INDEX DEDUCED FROM REFLECTION SPECTRUM
HOWARTHs L.E. - WITH LORENTZ THEORY: DATA EXTRACTED FROM A SMOOTH CURUVE;
LORENTZ DAMPED-OSCILLATOR DISPERSION EGUATION ALSO GIVEN.
20 46 HEILMANN:G. 1863 R 15.0-48.0 2393 SYNTHETIC CRYSTAL; PLATE SPECIMEN; 70 DEGREE INCIDENT
REFLECTION SPECTRUM OBTAINED:; REFRACTIUE INDEX DEDUCED FROM
REFLECTION SPECTRUM WITH FRESNEL FORMULAE: DATA EXTRACTED
FROM A SMOOTH CURVE.
21 a7 HOUSTON, T. W, 1963 D 0.54-1.85 93 SINGLE CRYSTFL; HIGH PURITY: PRISMATIC SPECIMEN: POLISHED
JOHNSON.L.F. SURFACES FLAT TO 1,2 WAUELENGTH OF 0.535 MICROMETER LINE;
KISLIUK,P. REFRACTIVE INDEX DETERMINED BY MINIMUM DEUIATION METHOD FOR
NALSHs D.J. 8 SPECTRAL LINES: DATA EXTRACTED FROM A TABLE.
22 47 HOUSTON, T.H. 1863 D 0.54-1.85 298 SIMILAR TO AEOUE BUT FOR 7 LINES AND AT A HIGHER TEMPERATURE.
ET AL.
23 48 HALITSONsI.H. 1963 D 0.40-0.77 288 SYNTHETIC CRYSTAL:; GROWN BY THE STOCKBARGER TECHNIGUES
PRZSMATIC SPECIMEN; REFRACTIVE INDEX DETERMINED BY
DEVIATION METHOD FOR 8 SPECTRAL LINES: DATA EXTRACTED FROM
A TABLE; ESTIMATED UNCERTARINTY ABOUT 2X10™ 5; THIS DATA SET
HAS OBTAINED AT NBS IN 13944,
24 48 MALITSONsI.H. 1963 D 0.40-0.77 308 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERATURE OF 308K.
25 48 MALITSON»I.H. 1363 D 0.40-0.77 328 SIMILAR TO AEOUE BUT AT A HIGHER TEMPERATURE OF 328K.
26 48 HALITSON»I.H. 1863 D 0.22-9.73 237 SYNTHETIC CRYSTAL: GRIWN AT MIT BY D. C. STOCKBARGER:

PRISMATIC SPECIMEN; NEAR 70 DEGREE APEX ANGLE, SSMMX73MM
UIEW SURFACE: REFRACTIVE INDEX DETERMINED BY MINIMUM
DEVIATION METHOD FOR 46 SPECTRAL LINES: DﬁTF%EXTRﬁCTED FROM
A TABLE; ESTIMATED UNCERTAINTY ABOUT 2.5X10° 7 A SELLMEIRE
TYPE DISPERSION EQUATION BEST FIT THE DATA ALSO GTUEN,

SIANVH HLAVI INITYATY 40 XIANI JALLDVYEIIY
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TABLE 8. MEASUREMENT INFORMATION ON THE REFRACTIVE INIEX OF CALCIUM FLUCRIDE (WAUELENGTH DEPENDENCE) (CONTINUED)
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DATA REF. AUTHOR(S) YEAR METHOD WAUVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE,s Um K
27 48 MALITSONs I.H. 1863 D 0.22-8.73 297 NATURAL CRYSTAL: PRODUCED IN EUROPE; PRISMATIC SPECIMEN: NEAR
B5) DEGREE APEX ANGLE, SOMMXSOMM UIEW SURFACE: REFRACTIVE
INDEX DETERMINED BY MINIMUM DEUIATION METHOD FOR 46
GPECTRAL LINES: DATA EXTRAGTED FROM A TABLE: ESTIMATED
UNCERTAINTY ABOUT 2.83X107°.
28 49 FABRE, D. 1964 R 0.10-0.17 293 THIN FILM SPECIMEN OF UARYING THICKNESS; UACUUM DEPOSITED:
ROMAND, J. REFRACTIVE INDEX DETERMINED BY REFLECTANCE OF UARYING
UODAR: B. THICKNESS; DATA EXTRACTED FROM A FIGURE: TEMPERATURE NNT
GIUVEN, 283K ASSUMED.
23 50 BERMAN,L.U. 1984 1 234~5.2 300 CRYSTAL OF UNSPECIFIED TYPE; PLATE SPECIMEN: REFRACTIVE INDEX
ZHUKOUsA.G. DZTERMINED CORRESPONDING TO MAXIMA IN THE INTERFERENCE
_ ’ CURUE OF NORMAL TRANSMITTANCE: DATA EXTRACTED FROM A TABLE.
30 50 BERMANsL.U. 1864 I 314-580 300 CRYSTAL OF UNSPECIFIED TYPE: PLATE SPECIMEN; REFRACTIVE INDEX
ET AL. DZTERMINED CORRESPONDING TO MINIMA IN THE INTERFERENCE x
CURUE OF NORMAL TRANSMITTANCE: DATA EXTRACTED FROM A TABLE. -
31 18 BOSOMWORTH, D.R. 1867 I 55-422 80 SINGLE CRYSTAL; IMPURITIES. 10-100X10"8FEs OBTAINED FROM THE =
) HARSHAW CHEMICAL CD.:; PLATE SPECIMEN: 0.3-10MM THICK:
REFRACTIVE INDEX DETERMINED BY INTERFERENCE METHOD: DATA
EXTRACTED FROM A FIGURE: DISPERSION EQUATION FOR INFRARED
ALSO GIVEN. :
32 16 BOSOMWORTH» B.R. 1867 I 150-443 300 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERATURE OF 300K.
33 51 HEITMANN, W, 1867 L 0.6328 233 SINGLE CRYSTAL; HIGH PURITY: PRODUCTION OF SCHUCHARDT CO.:
KOPPELMANN, G. UACUUM DEPOSITED: THIN FILM SPECIMEN OF QUARTER WAVELENGTH
) ALTERNATE WITH ZNS AND ZNSE FILMS: REFRACTIVE INDEX
DETERMINED BY MULTILAYER METHOD FOR 1 SPECTRAL LINES: DATA
EXTRACTED FROM A TABLE: TEMPERATURE NOT GIVEN, 293K
ASSUMED.
34 20 EASTMAN KODAK CO. 1971 D 1.00-1:1.0 283 POLYCRYSTALLINE; KODAK INFRARED OPTICAL MATERIAL IRTRAN 3
DZISCRIPTION OF SPECIMEN AND EXPERIMENT NOT GIUVEN:
TEMPERATURE NOT GIVEN, 293K ASSUMED; DATA EXTRACTED FROM A
TABLE COMPUTED BY A GIVEN HERZBERGER DISPERSION EQUATION.
35 52 FIELDsG.R. 1973 0.21-5.19 282 THIS EXPERIMENTAL DATA SET WAS OBTAINED BY THE AUTHORS
WILKINSON, G.R. . THROUGH A PRIVATE COMMUNICATION 3 NO INFORMATION OTHER THAN

UALUES WAS GIVEN; DATA EXTRACTED FROM A TABLE: TEMPERATURE
NJT GIVEN, 293K ASSUMED: THE AUTHORS, HOWEUER, GAVE THE
LIOREZTZ DAMPED-OSCILLTOR DISPERSION EQUATION.
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TABLE 9. MEASUREMENT INFORMATIDN ON THE REFRACTIVE INDEX OF CALCIUM FLUORIDE (HAUELENGTH DEPENDENCE) (CONTINUED)

DATA REF. AUTHOR(S) YEAR METHOD WAUELENGTH TENP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE, um K
36 53 GANIN, U, SIDORINsV. 1875 R 0.06-0.25 30C SINGLE CRYSTAL: FRESHLY CLEAUED SPECIMEN: NEAR NORMAL
KARIN, M. » SIDORINs K. REFLECTION SPECTRUM OBTAINED: REFRACTIVE INDEX DEDUCED FROM
STAROSTINsN.» REFLECTION SPECTRUM WITH KRAMERS-KRONIG RELATION: DATA
STARTSEV, G. EXTRACTED FROM A FIGURE.
37 a3 DODGE, M. J. 1978 D 0.25-8.0 294 POLYCRYSTALINE: HOT-FORGED; OBTAINED FROM HARSHAW CHEMICAL
CORP.; PRISMATIC SPECIMEN WITH REFRACTING ANGLE NEAR 60
DGREES AND 4CMXSCM FACES; REFRACTIVE INDICES OF 68 SPECTRAL
LINES MEASURED AND FITTED TO A SELLMEIER TYPE DISPERSION
ERUATION.
38 93 DODGE, M. J. v 1978 n 0.25-8.0 307 SIMILAR TO ABOVE BUT REFRACTIVE INDICES OF 47 SPECTRAL LINES

MEASURED AT A HIGHER TEMPERATURE.

SAAITYH HLAVI INITYITVY 40 X3IAN) JAILDVAE4IA
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TABLE 10.. EXPERIMENTAL REFRACTIVE INDza JF CALCIUM FLUORIDE (MAUELENGTH DEPENDENCE)
TWAVELENGTHs A» Lm$ TEMPERATUREs T, Ki REFRACTIVE INDEXs nl

A n A n - A n A n : A n " A n
DR$R Sgg410 DHTA S§T140 DATA SET S(CONT.) DQTQ SET ?(CONT ) DATA SET 8(CONT.)> DATA SET 10(CONT.)
= . : T 9 . :
) 1.110 1.4284 0. E?BB 1. 4532? 5.52. 1.3831 3.28413 1.41608
0.397 1.44204 0.434 1.4388 1.212 1.4279 0.2801 1.45846 5.70 - 1.3918. - 3.5358 1.41378
0.431 1.43382 0.485 1.4372 1.332 1.4273 0.2818 1.45791 6.082 1.3860 3.8306 1.41122
0.486 1.43708 0.588" 1.4340 1.480 1.4267 '0.2880 1.45653. 6.48 1.3788 4.1252  1.40850
0.589 1.43390 0.656 1.4325 1.666 1.4260 0.2380 1.45447. ) : ' 4,4198 1.40559"
0.687 1.43200 0.807 1.4307 1.902 1.4248 0.3072 1.45282 DATA-SET 9 ' 4,7146 1.40244
0.850 1.4303 2.221 1.4234 0.3081 1.45265 T =2%1.0- 5.0092 1.38802
DATA SET 2 0.896 1.4299 2.663 l.4214 :0.3133 1.45173 el . o 5.3038 -1.39532°
T =.293.0 0.950 1.4294 3.332 1.4170 0.3252 1.44988 "B.90 1.,3734 5.53985 1.39145
! -1.0089 1.4290 0.3345 1.44868 7.14 1.3683 5.8932 1.38721
0.1856 1.50940 1.076 1.428¢€ DHTQ SET. B 0.3403 1.44785 7.36 1.36854 6.4825 1.37837-
0.1831 ° 1.50205 1,152 1.4281 = 283.0 0.3456 1,44708 7.564: 1.3608 7.0718 1.36806
0.19881  1.49628 1.240: 1.4277 o 0.3830 1.44547. 7.86 1,3570 7.B612 1.35672
0.20243  1.49326 1.345 1.4272 0.637 1.43292 0.4340 1.43968 . 8.13 1.3510 ‘B.2505 1.344¢4
0.20610 - 1.49041 1.466 1.4267 0.670 1.43182 0.46r8 1.43782 8.34 1.3472 8.8398 1.33079
0.20988 1.48765 © 1,813 1.4260 0.777 1,43096 " 0.4800 1.43724 B8.56 1.3432 8.42391 1.31612
‘0.21441 1.48482 1,792 1.4250 0.878. 1.42996 0.4881 1.43698 8.73 1.3391. B
0,21935 1.48150 2,019 1.4240 1,008 '1.42304 0.5086. '1.43614 B.95 - 1,3348 DﬁTﬂ SET 1t
0.22645 - 1,47762 ‘2.303 1,4224 1,187 “1.42804 0:5349 1.43536 : : 280 0
0.23125 . 1.47517 . 2.689 1.4205. 1.444 1.42676 0.5852 1.43379 DATA SET ‘10 '
0.25713 1.46475 3.2285 1.4174 1. 849, 1. 42460 0.8553 . 1.43244 T = 291.0 0.8840 1.428¢82
0.27467 - 1.45958 4,035 . 1.4117 0.768 1.43089 ) 1.1786. 1.427E7
-0.32525 - 1.44987 4,62 1.408: DﬂTﬂ SET 7 : ST 0.8840 1.423996- 1.3756 1.42650
0.34015  1.44775 5.38 14403 T= 293.0 ‘DATA SET 8 1.1786 1.42799 1.4733 1.42641.
0.34655.  1.44697 6.46 1.3%6 : ] . T =2891.0 -1.3751  1.42699 1.5715 1.425¢6
0.368080 -1.44535 8.07 . 1,378 0.2024 1.49332 T . 1.4733 1.426853 1.7680 1.42507
0.39681 . 1.44214 0.2061 1.43031 - 14981 ‘1v4241 1.5715 1.42607. 1.8153 1.42457
0:4101i2 . 1.44122 DQTR SET S 0.2098 1.48735" 2:48 1.4212 1.6206° 1.425%92 .1.9644 1.42413
3.48607 - 1.43705 T = 291.0 0.2144 1.48444 . 2.66 1.4200 “1.7680° 1.42517. 2.0626 1.423E8
..0.58820.:1.43384 o o 0.2239 1.47879 . 2.93° 1.4182 1.9153 . 1.42438- 2:1608 ~1.423(8"
~D.BSEI8 " 1. 43257 0.43¢4 1. 4398 0.2328 1.47432 3.22 '1.4166 1.9644. '1.42412' 2.3573 1.4219
¢.88671 . 1.43200 0.485 144372 0.2439 1.46961 3.56 1.4135 2.0626 -1.,42383 2.5537. ~1.420£8
6.7183S:>l 43153 0:5390 -1.4340 0.2474 . 1.46805 3.70" l.41e6 21608 1.42317 -2.,6518 1:42016"
0.76040° 1.43101 0.858  1.4325 0.2491 1.46748 ©3.92°  1.4107 2.2100 ~1.42297 2.9466 1.41826
R 0,740 1.4312 0.2542 1.46572 4,10 1.4093 2.3573  1.42208 3.2413 . 1.41612
'DQTR SET 3 0.784 14308 0.2580 1546450 4,28 1,4089 2.5537 1.42082 3;5359v 1.41379
. ESD 0 .0+834 1.4304 70,2608 1.46373 4,52 1454045 2.6519 1.42015 ©3.8306° 1.41120
0,889 11,4300 " 0.2639 1.46274 J 4473 +1.4027 - 2:7502° 1.41968 4.1252. 1.40855
'0;5893 1. 4399 0.952 1.4295 - 0.2677 .1.4B157 " 4.,94° ~1.4000 2.94668 1.41823" 4.7146° 1.40238
’ ‘1;024 1.4288 0:2684 1.46150 5.18 “153970 - 3;1430' 1:41704 5.3036 1. 395:3

ol
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TABLE 10. EXPERIMENTAL REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAVELENGTH DEPENDENCE) (CONTINUED)
LHAVELENGTHs A» ums TEMPERATURE, Ts K3 REFRACTIVE INIEX, nl

A n A n . A n A n A n A n
DATA SET 11(CONT.) DATA SET 12(CONT.) DQ;R Sggllg DATA SET 14(CONT.)D DQ;Q Sg;olg DATA SET 1S(CONT.)
5.8932 1.38718 2.2016 j.422851 0.768 1.43093 40.3 8.11
6.4825 1.37818 2.2300 1.422328 0.185 1.51024 10.0 1.28 40.7 7.36
7.0718 1.36805 2.3508 1.422008 0.186 1,50930 DATA SET 15 13.5 1.15 41.0 6.69
7.6612 1.35680 2.3846 1.421818 0.193 1.50150 T =291.0 16.9 0.91 41.6 5.99

. 2.4160 1.421637 0.197 1.439755 20.0 0.55 2.2 5.45
DATA SET 12 2.4496 1.421427 0.188 1.49643 0.508 1.43620 21.2 0.36 43.0 4,98

T = 293.0 2.9575 1.418182 0.200 '1.49547 0.533 1.43537 22.1 0.20 44,2 4,58

3.0430 1.417569 0.204 1.49190 0.843 1.43274 23.7 0.16 45.5 4,26
0.7604 1.431020 3.0900 1.417205 0.208 1.48907 25.8 0.23 47.0 4,01
0.7627 1.430986 3.1340 1.416823 0.211 1.48705 DATA SET 18 28.0 0.32 48,7 3.81
0.8162 1.430425 3.2100 1.416356 0.214 1.48480 T = 293.0 30.2 0.35 50.9 - 3.62
0.8227 1.430357 3.2610 1.415835 0.218 1.48167 32.8 0.35 53.9 3.33
0.8538 1.430072 3.3000 1.415621 0.224 1.47911 0.56 1.433 34.8 0.35 56.6 3.25
0.8658 1.429363 3.4080 1.414827 0.231 1.47533 36.4 0.47 53.3 3.14
0.89392 1.423674 0.242 1.47025 DATA SET 17 37.1 0.75 62.6 3.06
0.9030 1.429601 DATA SET 13 0.250 1.46732 T = 293.0 37.4 1.15 66.2 3.00
0.9135 1.429555 T = 284.0 0.257 1.464390 ) 37.7 1.54 70.0 2.96
0.9232 1.423500 . 0.263 1.46302 8.0 1.343 37.9 2.03 73.8 2.90
0.9357 1.423338 0.8840 1.42388 0.267 1.4617S 8.5 1.338 38.1 2.68 76.8 2.85
0.8443 1.423328 1.1786 1.42738 0.274 1.45976 9.0 1.325 38.2 3.38 80.0 2.85
0.9758 1.429118 1.4733 1.42652 0.281 1.45806 9.5 1.311 38.2 4,00
1.0041 1.428922 1.5715 1,42608 0.291 1.45586 10.0 1.2892 38.2 4,64 DARTA SET 20
1.0728 1.428516 1.7680 1.42515 0.308 1.45257 10.5 l.2r1 38.4 5.39 T = 293.0
1.1240 1.428175 2.0626 1.42368 0.312 1.45187 11.0 1.253 38.4 6.07
1.1399 1.428138 2.1608 1.42317 0.340 1.44774 11.5 1.235 38.4 6.76 15.0 1.02
1.1481 1.428063 2.3573 1.42208 0.358 1.44560 12.0 1.215 38.5 7.34 16.0 1.00
1.1833 1.427870 2.6519 1.42032 0.334 1.44231 12.5 1.185 38.6 8.08 17.1 0.93
1.2016 1.427768 2.9466 1.41835 0.410 1.44112 13.0 1.175 38.6 8.91 18.6 0.79
1.2658 1.427428 3.2413 1.41623 0.434 1.43360 13.5 1.150 38.6 9.64 20.0 0.61
1.33086 1.427107 3.5358 1.41388 0.441 1.43320 14,0 1.124 38.6 10.02 2l.2 0.38
1.4333 1.426816 4,1252 1.40858 0.467 1.43787 14.5 1.090 38.8 10.65 22.1 0.26
1.4682 1.426458 4,7146 1.40242 0.486 1.43706 15.0 1.055 38.8 11.18 23.1 0.20
1.5734 1.425953 5.3033 1.39531 0.508 1.43619 38.9 11.79 25.0 0.20
1.68017 1.425812 5.8932 1.38721 0.533 1.43535 DATA SET 18 39.2 12.35 26.7 0.22
1.8362 1.425637 6.4825 1.37834 0.546 1.43497 T =-293.0 39.3 11.86 8.2 0.26
2.0000 1.423869 7.0718 §1.36810 0.589 1.43385 33.5 11.16 30.0 0.33
2.0536 1.4235395 0.627 1.43302 0.4358 1.440 ) 33.6 -10.62 31.7 0.26
2.0556 1.423601 0.643 1.43271 0.5460 1.434 339.7 10.08 33.6 0.20
2.1172 1.423287 0.656 1.43251 33.8 8.50 35.0 0.27
2.1658 1.423035 0.670 1.432826 40.1 8.88 36.0 0.43

SIAITVH H13VY3 INITVYITVY 40 XIANI JAILDVIE4IIY

161



0861 ‘L "ON ‘6 "IoA ‘ping “joy ‘wey) ‘shyqd °f

X n
DATA SET 20(CONT.)
36.5 8.65
37.0 0.886
37.5 1.57
37.7 1.98
37.9 2.51
38.2 3.03
38.4 3.59
38.6 3.97
38.8 4,59
33.0 5.07
39.1 5.23
39.5 5.34
39.7 5.22
40.1 5.01
40.8 4,78
41.7 4,54
42.6 4,37
43.6 4,19
44.9 4,02
46,1 3.86
47.0 3.75
47.9 3.64
DATA SET 21

T = 93.0
0.5461 1.4378
0.58390 1,4358
0.8195 1.,4324
1.0140 1.4313
1.5166 l.4281
1.8459 1.4265
DATA SET 22

T = 298.0
0.5461 1.43%2
0.58390 1.4340
0.8195 1.4301
1.0140 1.4291

TABLE 10.

[WAVELENGTHs A s Ums TEMPERATLRE, T» Ki3 REFRACTIUE INDEX, nl

A n

DATA SET 22(CONT.)

1.2434 1.4278
1.5166 . 1.4266

1.8459  1.4247

DATA SET 23
T = 288.0

0.404656 1.441573
0.435834 1.4339555
0.486132 1.437106
0.546074 1.435023
0.589262 1.433893
0.656278 1.432545
0.667814 1.432356
0.706518 1.431763
0.767858 1.430984

DATA SET 24
T = 308.0

0.404656 1.441378
0.435834 1.439354
0.486132 1.436854
0.546074 1.434813
0.589262 1.433683
0.6562738 1.432335
0.667814 1.432142
0.706518 1.431553
0.767858 1.430768

DATA SET 25
T = 328.0

0.404656 1.441168
0.435834 1.439143
0.486132 1.436B680
0.546074 1.434583
0.589262 1.433465
0.656279 1.432114
0.667814 1.4318e2

A n

DATA SET 25(CONT.)

0.706518 1.431331
0.767858 1.430546

DATA SET 26
T = 297.0

0,228803 1.47833
0.24827 1.46796
0.2537 1.46611
0.26520 1.46232
0.28035 1.45827
0.296728 1.45465
0.334148 1.44851
0.34662 1.44681
0.365015 1.44486
0.404656 1.44148
0.435834 1.43946
0.486132 1.436899
0,546074 1,434391
0.589262 1.43379

0.6543847 1.43266 .

0.656273 1.43244
0.667814 1.43225
0.706518 1.43165
0.767858 1.43086
0.85212 1.43001

0.8944  1.42966
1.01398 1.42877
1.3622 1.42682

1.39506 1.42676
1.52952 1.42616
1.42533
1.81307 1.42478
1.87008 1.42404

2.1526  1.42305
2.32542 1.42215
2.4374 1.42147
3.3026 1.41581
3.422 1.41469
3,5070 1.41397

A n

DATA SET 26(CONT.)

3.7087 1.4123%
4,258 1.40717
5.01882 1.39874
5.3034  1.39523
6.0140  1.38544
6.238 1.38154
B8.63308 1.37565
6.83559 1.37178
7.268 1.36445
7.4644 . 1,3B075
8.662 1.33486
9.724 1,30757
DATA SET 27

T = 297.0

0.228803 1.47636
0.24827 1.46798
0.2537 1.46614
0.26520 1.46233
0.28035 1.458239
0.296728 1.45467
0.334148 1.44854
0.34662 1.446394
0.365015 1.44430
0.404656 1.44152
0.435834 1.43548
0.486132 1.43703
0.546074 1.43485
0.589262 1.43383
0.643847 1.43272
0.656279 1.43247
0.667814 1.43227
0.706518 1.43168
0.767858 1.43080
0.85212 1.43006

0.8344  1.42867
1.01398 1.42879
1.3622 1.42699

1.,39506 1.42681

A

DATA SET 27(CONT.)

n

1.52952 1.42516
1.7012  1.42535
1.81307 1.42487
1.97008 1.42404
- 2.1526  1.42307
2.32542 1.42216
2.4374  1.42148
3.3026  1.41564
3.422  1.41469
3.5070 1.41400
3.7067 1.41231
4.858  1.40717
5.01882 1.39378
5.3034  1.39523
6.0140  1.38544
6.238  1.38200.
6.63306 1.37566
§.8559 1,37188
7.268  1.36450
7.4644  1.3B)76
8.662  1.33503
9.724  1.30761
DATA SET 28
T = 293.0
0.0976 1.81
0.1001 1.78
0.1040 1.69
0.1053 1.60
0.1072  1.50
0.1086 1.60
0.1088 1.75
0.1113  1.35
0.1121 2.04
0.1123 2.09
0.1130 2.11
0.1146 2.09
0.1169 1.89
0.1195 1.82

EXPERIMENTAL REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAVELENGTH DEPENDENCE) (CONTINUED)

A

DATA SET 28B(CONT.)

0.1218  1.88
0.1262 1.78
0.1342 1.74
0.1465 1.66
0.1553 1.62
0.1624 1.58
0.1672 1.56
DATA SET 29

T = 300.0
294.0  2.57
340.0  2.55
395.0  2.47
512.0  2.86
DATA SET 30

T = 300.0
314,0  2.55
362.0  2.48
453.0  2.55
580.0  2.54
DATA SET 31

T = 80.0
55.18 3.16
56.02  3.09
57.04 3.08
58.30 3.08
59.45 3.0l
61.12 2.98
§2.38 2.96
63.89 2.92
65.83 2.89
67.75 2.88
§9.78 2.85
71.94 2.82
74,12 2.78

n

Tol
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TRELE 10, BPERIENTAL R

'DGTH SET 31(CUHT.‘;; ,DQTRfSET 34(CDNT.J 7;UﬁTH SET-35(COHT;JY ?FDH¥R 525033 : DHTR Sgg43g ”DHTR SET?38
. B7.87: '2 ?0{ 111575007 .1.4851 0. 2378 l.47215° b : P
81,99 - 2.68: - £.0000. % 1./4233 . 0.2398 7 1.47124 »'0 0588"31 27 0. 25 w“',l 487288 0 25 : 1 487887
97,08 2.67 ‘2.2500  1.4226 0.2698  1.45100 - 0.0608. 1.30 0.26 - 1.463885 0.6  1,463871
102.56., -2.865 £:5000 ' 1.4211 0.2752 ¢ 1.45954 °° . 0,06300 .1.30 0.28-: 1.458320 0.28 % 458282
108.05. 2.83 . €.7500 .1.4196 10,2893 1.458621 0.0652. 1.34 0.30.° . 1.453986 0.30 1.453949
116:41 2,62 . ~3.0000 - 1.4179. 0.2967 - . 1.45466 70,0668 1:30 0.35 1.446520 0:35 1.446470
125.00  2.60: .3.2500 ...1.4161 0.3341 - 1,44852 2 0406880: 1,21 0.40 +1.441853" 0.40 1.441798
135,31 . 2.59 735000 1.4141. 0.3345 - 1,44847 <. 0.,0700 1.16 0.45 1.438716 - 0.45 1. 438859;
147.48. . 2.58 3.7500- . 1.4120: - 0.4046 .1.44148 .0.,0707 1 0.50 1.436491 0.50 -1.436433
162.80. . 2.57 4,0000 1.4097 . 0.4358 - 1. 43849 T0.0721 1.20 0.55 ,1 434845 0.55 1.434788"
178:85 " 2.56 - 442500 7 1.4072 0.4678 "l 43785 .-0.0754 1.21 0.60 1,433585 0.60 1.433527:
204,08 . 2.54 14,5000 - 1.4047 - 0.,4793 1.,43732. 0.0775 1.23 0.65 .1.,432580 0.65 1.432533.
.233.10.. 2,54 ~4,7500° ~1.4018 -0.5085 . 1 .43520- 0.,0810 1.45 0.70 1.431784 0.70 L. 431?28g
277.00 ' 2.54 5.0000 .- 1.3980 0.5460 '1.434%6 . 0.0855 1.,27 0.75 1 1:431117: 0.75 1.431080"
34B8.02 . 2.57 5.2500 1.3959 0.5875 1.43389 - 0.0871 1.39. 0.80 1.430551 0.80 1, 430485f
421.94 2.56 5.5000 - :1.3926 --0.56438 1.43272. 0.0881 1.55 0.85 1.430063 0.85 1, 430008
: . ] £5.7500 1.3892 -.0.6678 . " 1,43230 " ‘0. 08393 1.70 0.80 1:429634 0.90 1.428579;
DATAR SET 32 E.0000 1.38586 " 0.7065 - 1.,43171 0.0808 1.34 0.95 1.429251 - 0.95 1.429196
T = 300.0 'E.2500 1.3818 - 0.7800 '1.43080 - 0.0922 1.55 1.00 1.428803 . 1.00 1. 428848
T } ‘€.5000. 1.3778 0.8520 1.43007 0.0943 1.51 1.10 1.428285 1.10 1. 428230
1150415 2.63 CE.7500 . 1.3737 -~ 0.8943 1.42971 0.0962° 1.33 1.20 - 1.427735 1.20 Y.427682
166.11 2.62 . 7.0000 - 1.36383. 1.0139 - 1.42884 ~.0.1013 2.06 1.40 1.426744 1.40 1.426691"
184.186 2:61 7.2500 1.3648 1.1287.  1.42815 0.1088 1.48 1.60 1.425803 1.60 1,425752
. 209.64  2.60 7.5000 1.3600 1.5295 1.42617 0.1088: -1.38 1.80 '1.424853 1.80 1.424802+
241.54 2.60 7.7500 1,3550 1.8132 1.42484 0.1101 1.46 2.00 1.423861 2.00 1.423812"
£83.28 :2.53. £€.0000 1.3498 - 1.9700 1.42407 0.110!1 2.14 2.20 1.422810 2:20 1.422762"
348.43 2.58 8.2500 © 1,.3445 2.0580 1.42359 0.1118 2.17 2.50 1.421088 2:50 1.421052 .
442.47 2.60 ©-8.5000  1.3388 2.3250 1.42216 0.1180 1.81 3.00 1.417836 3.00 1.4177394
o . €.7500 1.3330 2.73000 1.41870 0.1228 1.30 3.50 1.414017 3.50 1.413978
DATA SET 33 €.0000 1.3269 3.0030 1.41786 0.1290 1.71 4.00 .1,408606 4,00 1.409571"
T = 293.0 8.2500 © 1.3206 3.2765 1.41584 0.1478 1.30 4,50 1.404579 4.50 1,404547
‘ : . 9.5000  1.3141 3.5498. :'1.41366 0.1808 1.53 5.00 1.398812 5.00 1.398883
0.6328 1.23. €.7500 1.3073 3.8B226. 1.41130 0.1834 1.49 5.50 1.392582 5.50 1.3392554
‘ 10,0000 1.3002 - '4.0950 1.40876 0.2248 1.44 6.00 1.385561 6.00 1.385533
DATA SET 34 11,0000 1.2694 4.3687 1.40604 0.2731 1.42 B6.50 1.377821 6.50 1,377791.
T =293.0 : . 4.6425 < 1.40313 0.3342 1.40 7.00 1,3639330 7.00 1.368295.
) S ~IATA SET 35 4.9140 1.40002 0.4412 1.40 . 7:50 1.360051 7.50 l . 360008
1.0000 = 1.4288 T = 283.0 . 5.1867 : -1.39870 8.00 1349945 8.00 348892
1.2500 .1.4275 : ) : : - :

©1.5000  1.4263 | 0.2138  1.48436
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TABLE 11. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF CALCIUM FLUDRIDE (TEMPERATURE DEPENDENCE)

DATA REF. AUTHOR(S) YEAR METHOD WAVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE, Um K
1 54 BARBARON, M. 1951 D 0.546 81 SINGLE CRYSTAL: PRISMATIC SPECIMEN; 60 DEGREE APEX ANGLE,
1.,2CM HEIGHT: REFRACTIVE INDEX DETERMINED BY MINIMUM
DEVIATION METHOD FOR THE SPECTRAL LINE 0.546 MICROMETERS:
DATA EXTRACTED FROM A TABLE.
2 54 BARBARON, M. 1951 D 0.546 123 SIMILAR TGO ABOUVE BUT AT A HIGHER TEMPERATURE OF 123K.
3 54 BARBARONs M. 1851 D 0.546 173 SIMILAR T0 ABOVE BUT AT A HIGHER TEMPERATURE OF 173K.
4 54 BARBARONs M. 1851 D 0.5486 223 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERATURE OF 223K.
5 54 BARBARON, M. 1951 D 0.546 273 SIMILAR T0 ABOVE BUT AT A HIGHER TEMPERATURE OF 273K.
B 54 BARBARONs M. 1851 D 0.546 293 SIMILAR TO ABOUE BUT AT A HIGHER TEMPERATURE OF 233K.

SAGITVH HLIVI INITYATY 40 XAANI JAILDVYEIIN
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TABLE 2.

T n

DATA SET 1
A= D.54B

gL.0 1.4377

DATA SET 2
A= 0.546

. 123.0 1.4374

DATA SET 3
A= 0,548

173.0 1.4368

BATA SET 4
A= 0.546

223.0 1.43631

DATA SET S5
A= 0.546

273.0 1.43565
DATA SET
A= 0.548

2393.0 1.43538

H.H U

EXPERIMENTAL REFRACTIVE INDEX OF CALCIUM-FLUORIDE (TEMPERATURE DEPEN
[HAVELENGTHs A» Umi TEMPERATURE, T, K: REFRACTIVE INDEX» nJ

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980
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TABLE 13. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIUATIVE OF REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAVELENGTH DEPENDENCE)
DATA REF. AUTHOR(S) YEAR METHOD WAUVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGEs uim K
1 28 STEFANs J. 1. 1871 D 0.33-0.53 330 NATURAL CRYSTAL: PRISMATIC SPECIMEN: NEAR 44 DEGREE AFEX
ANGLE; DN-DT DETERMINED FOR 3 SPECTRAL LINES USING THE
INDICES MEASURED AT 234 AND 366K3 DATA EXTRACTED FRCM A
TABLE.
2 30 PULFRICH,C. 1832 P 0.43-0.86 333 NATURAL CRYSTAL: PRISMATIC SPECIMEN; NEAR 25.5 DEGREE APEX
ANGLE: DN-DT DETERMINED FOR 4 SPECTRAL LINES USING THE
INDICES MEASURED AT 234 AND 372K: DATA EXTRACTED FRCM A
TABLE. :
3 55 RZED,J.0. 1898 P 0.43-0.66 332 NATURAL CRYSTAL: PRISMATIC SPECIMEN; NEAR 28.33 DEGREE APEX
ANGLE: DN-/DT DETERMINED BY AN ABBE AUTO COLLIMATION METHOD
FOR 4 SPECTRAL LINES: ONLY DN-/DT REPORTED IN THIS PAPER:
DATA EXTRACTED FROM A TABLE. )
4 55 REED,J. 0. 1898 P 0.43-0.66 340 SIMILAR TO ABDUE BUT AT A HIGHER TEMPERATURE OF 340.1K. x
5 55 REED. J. 0. 1898 P 0.43~0.66 426 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERATURE CF 4286.1K. T
: [
6 55 REEDs»J.0. 1898 P 0.43-0.66 508 SIMILAR TO ABODUE BUT AT A HIGHER TEMPERATURE OF S506.2K.
7 55 REED, J.0. 1898 P 0.43-0.66 551 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERATURE CF 550.7K.
8 55 REED, J. 0. 1888 P 0.43-0.66 600 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERATURE CF 539.7K.
9 55 REED, J.0. 18398 P 0.43-0.66 E58 SIMILAR TO ABOUE BUT AT A HIGHER TEMPERATURE CF B58.2K.
10 56 MICHELI,E.J. 1902 D 0.18-0.53 334 NATURAL CRYSTAL; PRISMATIC SPECIMEN: NEAR 60 [EGREE APEX
ANGLE, 38MMX23MM UIEW SURFACE: REFRACTIVE INDEX DETERMINED
" BY DEUIATION METHOD: DN/DT DETERMINED FOR 24 SPECTRAL LINES
USING THE INDICES MEASURED AT 285 AND 373K: DATA EXTRACTED
) FROM A TABLE: ONLY DN-/DT REPORTED IN THIS PAPER.
11 57 LIEBREICH.E. 1811 D 0.58-6.50 333 NATURAL CRYSTAL: PRISWATIC SPECIMEN: NEAR 29 IEGREE AFEX
ANGLEs 1.8 CM HEIGHT, 2.0 CM EDGEs REFRACTIUE INDEX
DETERMINED BY DEVIATION METHOD; DN<DT DETERMINED FOR 11
SPECTRAL LINES USING THE INDICES MEASURED AT 287 TO 347K:
DATA EXTRACTED FROM A TABLE: ONLY DN-DT REPCRTED IN THIS
PAPER: ESTIMATED UNCERTAINTY ABOUT 14 .
12 57 LIEBREICH,E. 1911 D 0.64-6.50 317 SIMILAR .TO ABDVUE BUT FOR 9 SPECTRAL LINES AND A DIFFERENT

TEMPERATURE INTERVAL.
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TABLE 13. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX OF CALCIUM FLUDRIDE
(WAVELENGTH DEPENDENCE) (CONTINJED)
DATA  REF. AUTHOR(S) YEAR METHOD WAUELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO.  NO. USED  RANGEsm K
13 58  LIEBREICHE. 1911 D 0.58-7.10 267 NATURAL CRYSTAL: PRISMATIC SPECIMEN: REFRACTIVE INDEX
DETERMINEL BY DEVIATION METHOD; DN-DT DETERMINED FCR 12
SPECTRAL LINES USING THE INDICES MEASURED AT 241 TC 293K:
DATA EXTRACTED FROM A TABLE: ONLY DN/DT REPORTED IN THIS
PAPER.
14 48 MALITSON: I.H. 1963 D 0.40-0.77 298 SYNTHETIC CRYSTAL: GROWN BY THE STOCKBARGER TECHNIGUE:
PRISMATIC SPECIMEN; REFRACTIVE INDEX DETERNINED BY
DEVIATION METHOD: DN-DT DETERMINED FOR.9 SPECTRAL LINES
USING THE INDICES MEASURED AT 288 AND 308K: DATA EXTRACTED
FROM A TAELE.
15 48 MALITSONs I.H. 1963 D 0.40-0.77 318 SIMILAR TO FBOVE DN/DT DETERMINED FOR 9 SPECTRAL LINES USING
' THE INDICES MEASURED AT 308 AND 328K.
16 48 MALITSOM I.H. 1963 D 0.22-8.73 292 SYNTHETIC CRYSTAL: GROWN AT MIT BY D. C. STOCKBARGER:
PRISMATIC SPECIMEN; NEAR 70 DEGREE APEX ANCLE, SSMMX73MM
UIEW SURFFCE; REFRACTIVE INDEX DETERMINED BY MINIMUM
DEVIATION METHOD: DN/DT DETERMINED FOR 48 SPECTRAL LINES
USING THE INDICES MEASURED AT 287 AND 297K: DATA ENTRACTED
FROM A TAELE. :
17 83  DODGE,M.J. 1976 D 0.25-8.0 300 POLYCRYSTALINE: HOT-FORGED; OBTAINED FROM HARSHAW CHEMICAL
CORP.; PRISMATIC SPECIMEN WITH REFRACTING ANGLE NEAR 60
DGREES ANL 4CMXSCM FACES: REFRACTIVE INDICES MEASURED AT
TEMPERATURES 234 K AND 307 K; DATA EXTRACTED FROM A FIGURE.
18 59  LIPSON,H.G. 1976 1 0.83-3.33 310 SINGLE CRYSTAL: DISC SPECIMEN: 1.90CM DIAMETER, 1CM TO 2.SCM
TSAY, Y.F. THICK; DN/DT DETERMINED FOR 3 SPECTRAL LINES BY OBSERVING
BENDOW, B THE INTERFERENCE FRINGE CHANGES AND THE CORRESPONDING
LIGOR,P.A. TEMPERATURE CHANGES: DATA EXTRACTED FROM A TABLE:
UNCERTAINTY OF DN.DT ABOUT 0.6X107°K™ 1.
18 59 LIPSON,H.G. 1976 I  0.83-3.359 330 SIMILAR TO FBOUE BUT AT A HIGHER TEMPERATURE OF 330K:
ET AL. UNCERTAINTY OF DN/DT 0.5X10-°K-1.
20 59 LIPSON,H.G. 1976 1  0.83-3.39 350 SIMILAR TG FBOVE BUT AT A HIGHER TEMPERATURE OF 350K
ET AL. UNCERTAINTY OF DN-DT 0.5X10~°K~".
21 B0  HARRIS,R.J. 1977 I 0.83-3.33 318 POLYCRYSTALLINE: OBTAINED FROM THE HARSHAM CHEMICAL CO.;3

JOHNSTONs» G. T.
KEPPLE:G.A.

KROKs P.C. s MUKARI, H.

PLATE SPECIMEN: DN/DT DETERMINED DIRECTLY FOR 3 SPECTRAL
LINES By OBSERVING THE FIZEAU INTERFERENCE FRINGE CHANGES
AND THE CORRESPONDING TEMPERATURE CHANGES: MEASURENENTS
MADE FROM 288 TO 338K, THE AVERAGED UALUES OF DN/DT HERE
GIVEN: DATA EXTRACTED FROM A TABLE.

SIAITVYH HIAVI INITVATY JO XIANI JAILD VALY

661



0861 ‘L 'ON ‘6 "1CA 'pibq ‘o) "wey) ‘sAyg +

TABLE 13. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIURTIUE OF REFRACTIUVE INDEX OF CALCIUM FLUORIDE

(WAVELENGTH DEPENDENCE) (CONTINUED)

SPECIFICATIONS AND REMARKS

DATR REF. AUTHOR(S) YEAR METHOD MWAUELENGTH TEMP.
SET NO. ND. USED RANGE)» Lim K
2a 92 TSAY»Y.F. 1977 I 0.32-3.35 310
: LIPSONs H.G.
LIGORsP.A.

SINGLE CRYSTAL: DISC SPECIMEN: 1.90CM DIAMETER» 1.27CH THICK:
IN/DT DETERMINED BY OBSERUING THE INTERFERENCE FRINGE
CHANGES AND THE CORRESPONDING TEMPERATURE CHANGES DATA
EKERQCTEE F1RDP‘I A FIGURE: UNCERTAINTY OF DN/DT ABOUT
L.0X107°K~ ",

007
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EXPERINENTAL TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAVELENGTH DEPENDENCE)
[MAVELENGTHs A» um TEMPERATURE, T, K3 TEMPERATURE DERIUATIVE OF REFRACTIVE INDEX» dn/dT 10 6K 11

TABLE 14,
A dn/dT A dn/dT
DATA SET 1 DATA SET 6
T = 330.0 T = 506.2
0.397 -i2.4 0.436 -12.67
0.486 -12.3 0.486 -12.81
0.583 °  -12.4 0.583 ~-13.18
0.656 -13.32
DATA SET 2
T = 333.0 DATA SET 7
: T = 550.7
0.434 -10.39
0.488 -10.67 0.436 -13.78
0.588 -11.04 0.486 -13.87
0.656 -11.18 0.589 -14.32
0.856 ~14,43
DATA SET 3
T = 332.0 BATA sgr 8
T= .
0.436 -10,57
0.486 -10.67 0.436 ~14,43
0.589 -10.92 0.486 -14.56
0.656 -11.11 0.589 -14.93
0.656 -15.08
DATA SET 4
T = 340.1 DATA SET S
T = 658.2
0.436 -10.74
0.486 -10.83 0.436 -15.21
0.583 -11.03 0.486 -15.35
0,656 ~11.14 0.589 -15.84
0.656 -16.04
pDATA SET §
T = 426.1 DATA SET 10
T = 334.0
0.436 -12.15
0.486 -12.24 0.185  -2.86
0.589 -12.63 0.186 -3.13
0.656 ~12.71 0.1393 -4,02
0.187  -4.51
0.198  —4.64
0.200 -4.93
0.204  ~5.38

A dn/dT
DATA SET 10(CONT.)
0.28 -5.82
0.211  -6.01
0.214  -6.37
0.218  -6.55
0.224  -6.95
0.231  -7.32
0.257  -8.11
0.274  -8.55
0.288 = -8.84
0.298  -9.04
0.325 -9.48
0.3¢0  -9.64
0.361  -9.79
0.441  -10.28
0.480  -10.35
0.508  -10.58
0.589  -10.89
DATA SET 11

T = 333.0
0.583  -1i.11
0.64 -11.13
0.9 -10.31
1.2 -10.40
1.25 -10.29
1.3 ~10.18
2.0 -9.32
3.16 -8.81
4.2 -8.31
5.3 -8.21
B.5 -7.87
DATA SET 12

T = 317.0
0.64 -9.27
0.9 -8.36
1.2 -7.79
1.25 -7.92

A dn/dT
DATA SET 12(CONT.)
2.0 -7.44
3.186 ~7.82
4.2 -7.67
5.3 -8.02
6.5 -8.13
DATA SET 13

T = 267.0
0.588 -8.8

1.0 -10.7
1.5 -8.9
1.9 -8.8
2.2 -8.5
2.75 -7.3
3.3 -6.0
3.75 -5.7
4,75 -5.4
5.75 -6.9
6.75 -7.1
7.1 -6.9
DATA SET 14

T = 298.0

0.404656 =9.75
0.435834 -10.05
0.486132 ~10.60
0.546074 ~10.50
0.589262 -10.50
0.656279 -10.50
0.667814 ~10.70
0.706518 ~10.50
0.767858 -10.80

DATA SET 15
T = 318.0

0.404656 -10.12
0.435834 -10.55

A

DATA SET

0.486132
0.546074
0.589262
0.856273
0.667814
0.706518
0.767858

DATA SET

dn/dT
1S(CONT.)

~10.70
-11.00
-10.80
=-11.05
-10.85
~11.10
-11.10

16

T = 292.0

0.228803
0.24827
0.2537
0.26520
0.28035
0.296728
0.334148
0.34662
0.365015
0.404656
0.435834
0.486132
0.546074
0.588262
0.643847
0.656279
0.66v814
0.706518
0.767858
0.85212
0.8944
1.01398
1.3622
1.38506
1.52952
1.7012
1.81307
1.87009
2.1526

-6.2
~7.0
=7.5
-8.1
-8.4
-8.8
-9.2
-9.4
-9.6
-9.8

-10.0

-10.2
~-10.4
-10.4
-10.4
-10.4
-10.5
-10.5

A dn/dT
DATA SET 16(CONT.)

2.32542 -8.5
2.4374 -8.5
3.3026 -8.2
3.422 -8
3.5070 -8
3.7067 -7
4.258 =7
5.01882 -7
5.3034 -7
6.0140 ~7
6.238 -7
6.63306 -6
6.8559 -6
7.268 ~6
7.4644 -6
8.662 -6
9.724 =5

DATA SET 17
T = 300.0

OAUNINUOUOONWUIIM O+

0.26
0.27
0.28
0.29
0.29
0.30
0.31
0.33
0.34
0.38
0.42
0.44
0.57
0.58
1.03
1.14
1.40
1.57
1.74

LI R A
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TABLE 14. EXPERIMENTAL TEMPERATURE DERIUATIVE OF REFRACTIVE INDEX OF CALCIUM FLUORIDE (WAUELENGTH DEPENDENCE) (CONTINUED)
{WAVELENGTHs A» um TEMPERATURE, T» K3 TEMPERATURE DERIVUATIVE OF REFRACTIVE INDEXs dn/dT. 10 °K '3
A dn/dT A dn/dT
DATA SET 17(CONT.) DATA SET 20
T = 350.0
2.13 -3.9
2.66 -3.1 0.6328 -~12.7
3.37 ~-4.8 1.15 ~-13.1
3.43 -4.1 3.39 -12.4
3.55 -4.5
3.87 -5.4 DATA SET 21
3.79 -4.0 T = 318.0
4.34 ~3.4
5.31 -0.3 0.6328 -13.1
5.41 -2.1 1.15 -13.4
5.50 -1.3 3.39 ~-12.8
5.59 -0.3
5.89 -2.4 DATA SET 22
5.98 -2.2 T = 310.0 -
5.08 -3.0 T
B.41 -3.0 0.325 ~10.5 *
E.41 -3.8 0.4416 -11.4 -
6.63 -3.1 0.6328 ~11,8
B.74 2.7 1.15 -12.0
6.85 -1.5 3.38 -11.5
6.97 4
7.33 2.5
7.72 2.4
8.13 -4.7
8.28 -7.2
DATA SET 13
T = 310.0
0.6328 -11.8
1.15 -12.0
3.39 -11.5
DATA SET 13
T = 330.0
0.6328 -12.4
1.15 -12.8

3.38 -12.0
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ABLE 15. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIUATIVE OF REFRACTIVE INDEX OF CALCIUM FLUORIDE (TEMPERATURE DEPENDENCE)
DATA - REF. AUTHOR(S) YEAR METHUD WAVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGEs {m K
1 47 HOUSTON»T.H. 1963 D 0.5461 93-233 SINGLE CRYSTAL; HIGH PURITYs PRISMATIC SPECIMEN: POLISHED
JOHNSON»L.F. : ) SURFACES FLAT TO 12 WAVELENGTH OF 0.535 MICROMETER LINE:
KISLIUK,P. REFRACTIVE INDEX DETERMINED BY MINIMUM DEUIATION METHOD:
HALSH» D.J. DN-/DT DETERMINED USING INDICDES MEASURED AT 83 TO 293Ks FOR
0.54681 MICROMETER: DATA EXTRACTED FROM A TABLE.
2 B8 SELEZNEUVAs AL M. 1963 1 0.656 213-573 SYNTHETIC CRYSTAL:; PRODUCED IN THE SOUIET UNION; WELL
ANNEALED; DN/DT DETERMINED BY INTERFERENCE METHODS
EMPIRICAL FORMULA PROPOSED FOR CALCULATION OF DN-DT: DATA
EXTRACTED BY EUALUATING A GIVEN EQUATION.
3 £8 SELEZNEUAsA. M. 1868 I 0.588 213-573 SIMILAR TO ABOVE BUT FOR WAUELENGTH 0,583 MICROMETERS.
€8 SELEZNEUA,A.M. 1963 I 0.486 213-573 SIMILAR TO ABOVE BUT FOR WAUELENGTH 0.485 MICROMETERS.
S 58 LIPSONsH.G. 1978 1 1.15 300-350 SINGLE CRYSTAL: DISC SPECIMEN: 1.90CM DIAMETER, 1CM TO 2.5CM
TSAYs ¥.F. - THICK: DN-DT DETERMINED BY OBSERUVING THE INTERFERENCE
BENDOW, B FRINGE CHANGES AND THE CORRESPONDING TEMPERATURE CHANGES:
LIGOR, P.A. Dﬁgg EXﬁfFCIED FROM A FIGURE: UNCERTAINTY OF DN/DT ABOUT
0,510 ~°K
6 32 TSAY,Y.F. 1877 I 0.6328 100-350 SINGLE CRYSTQL: DISC SPECIMEN: 1.80CM DIAMETER, 1.27CM THICK:
LIPSON, H.G. DN/DT DETERMINED BY OBSERVING THE INTERFERENCE FRINGE
LIGOR:P.A. CHANGES AND THE CORRESPONDING TEMPERATURE CHANGES DATA
EXTRACTED FROM A FIGURE: UNCERTAINTY OF DN/DT ABOUT
1.0%X1076K"1,
7 82 TSAYsY.F. 1977 I 0.325 100-340 SIMILAR TO ABOVE BUT FOR HAUELENGTH 0.325 MICROMETERS:

ET AL.

UNCERTAINTY OF DN/DT 1.0X10™6K

A'H'H
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TABLE 6. EXPERIMENTAL TEMPERATURE DERIUATIVE OF REFRACTIVE INDEX OF CALCIUM FLUORIDE (TEMPERATURE DEPENDENCE)
[WAUVELENGTHs \s ums TEMPERATURE, T» K3 TEMPERATURE DERIVUATIVE OF REFRACTIVE INDEX, dn/dT, 10 °K '1

T dn/dT T dn/dT T dn/dT T dn/dT T dn/dT
B“Eﬁ ngsis DATA SET 3(CONT.) DATA SET SCCONT.) DATA SET 6(CONT.} DATA SET 7(CONT.)
488.0 -13.10 357.008 -13.445 345.1 -12.8 166.0 -7.7
93.0 -6.5 513.0 -13.4¢ 347.8 -12.7 168.8 -7.9
133.0 -9.2 538.0 -13.7¢ JATA SET 6 39,7 -12.8 170.7 -7.5
173.0 -11.2 563.0 -14.01 X = 0.632 353.4 -12.7 171.6 7.2
223.0 -13.) . 353.7 -13.2 308.0 -10.5
293.0 -1B6.0 DATA SET 4 101.5 -5.2 357.1 -12.5 312.8 -11.1
A = 0.485 110.7 -5.8 313.6 10.9
DATA SET 2 . 113.5 -5.7 DATA SET 7 i 318.2 -10.5
A= 0.5586 213.0 -9.43 114.4 -5.9 A = 0.325 319.1 -10.8
238.0 -8.75 117.2 -5.7 319.2 -10.3
213.0 -9.85 263.0 -10.07 126.9 -6.3 8s.0 -4.0 321.0 -10.8
238.0 -10.16 288.0 -10.39 124.6 -6.5 102.6 -4.5 322.8 -10.7
263.0 -10.46 313.0 . ~-10.7! L2s.2 -6.9 106.3 -4,9 324.6 -11.2
288.0 -10.76 338.0 -11.03 132.8 -6.9 168.1 -5.2 324.7 -10.4
313.0 -11.06 383.0 ~-11.35 138.4 -6.6 10S8.9 -5.3 324.8 -11.3
338.0 -11.38 388.0 -11.67 141.2 -7.1 113.7 -4.8 328.4 -10.3
363.0 -11.56 413.0 -11.99 146.8 -7.9 117.3 -5.2 330.1 -11.9
388.0 -11.36 438.0 -12.3! 152.3 -8.0 118.1 -5.4 330.2 -11.3
413.0 -12.28 463.0 -12.63 160.6 -8.1 122.8 -5.7 333.0 -11.,0
438.0 -12.56 488.0 -12.95 183.4 -8.3 126.5 -5.7 334.7 -11.9
463.0 -12.86 513.0 -13.87 1g7.1 -8.3 128.3 -8.0 335.7 -11.6
488.0 -13.18 538.0 -13.59 168.9 -8.4 130.1 -B.7
513.0 -13.46 563.0 -13.3: 172.8 -8.5 131.0 -6.8
538.0 -13.76 174.4 -8.4 133.9 -5.8
563.0 -14.086 DATA SET 5 303.7 -12.7 135.7 -6.0
A o= 1.15 307.4 -12.8 137.6 -5.8
DATA SET 3 311.9 ~-12.0 138.4 -8.2
A= 0.589 303.174 -12.230 313.7 -11.7 142.1 -B.5
307.054 -12.376 317.4 -11.8 143.0 -B.7
213.0 -9.74 309.508 -12.508 318.4 -11.8 144.8 -6.8
238.0 ~10.05 313.753 -12.185 323.0 -12.1 145.8 -7.0
263.0 -10.35 315.796 -12.283 325.7 -12.3 147.6 -7.5
288.0 ~10.68 318.855 -12.355 325.8 -12.5 143.4 -7.86
313.0 ~-10.98 324.966 -12.426 330.3 -11.6 151.3 -7.1
338.0 -11.27 327.820 -12.484 331,3 ~12.2 153.2 -7.0
363.0 -11.57 331.692 -12.541 334.9 -12.0 155.0 -6.8
388.0 ~11.88 333.523 -12.540 335.0 -12.4 158.6 -7.2
413.0 ~12.18 339.647 -12.744 339.6 -12.5 160.5 -7.2
438.0 ~-12.49 342.706 -12.817 340.5 -11.9 162.4 -7.3
463.0 ~-12.78 350.656 ~-12.960 344.2 -12.5 163.3 -7.6

$S3AITVH HLAV3 AINNVYIY 40 XIANI JALLDVEITY
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TABLE 17, COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR CaF,

s Wavelength and Dispersion Equation
ource Temperature Ranges Xinpm; y incm!
Carvallo, M.E. 0.63-1,85 pm 51-, = 0.490335 - 0. 000713835 £-2 + 0. 001584 42 -
1893 293 K
- 0.000001042 £-4
" where 4= 2
n
Paschen, F. 0.88-9,43 ym 51, = 0.490133 - 0.00067877 £~% + 0, 0016894 42 -
1894 291.0K "
- 0. 000001578 £~
where £ = A
n
0, 00621828
Paschen, F. 0.88-7.66 um n? = 2,03882 + - 0.00319987 X2 ~
1895 290 K 3= 0,007708
~ 0.0000029160 )1
0. 006125
Paschen, F. 0.88-7.07 ym n? = 2.08918 ~ —y———2z=m - 0,0032055 A2 -
1900 zaare M X - 0. 008884
- 0,000002894 M
0. 677860 A2 0.160020 )2
Martens, F,F. 0.18-0, 77 ym n? = 1.361140 + + +
001 zorw M X~ T0.0950790)F © 3T - (24,0)%
L& 193620 22 4,527470 )2
Y-(sL.e)Z t - ( 0. 52605) %
Kaiacr, W., 10-00 ym 22 -k w g D 4n g v’ 7 vzizz’ v 272
Spitzer, W.G., = P {pf ey v vy
Kaiser, R.H., and .
Howarth, L.E. Y.V,
1962 20k = T 47p, Uiz z—-‘-r—-"-glyz—-k-f——q a
T L I AL
. - 0. 5675888 \? 0.4710914 A2
%%étson’ s 3;,";313'“’“ » =1+ 5500, 050263605)7 * N~ (0. 1003908)7
+ 3.84841723 X2
W~ (34.649040)2
B 2.2806966 x 1073 _ 9.1939015 x 10-5
fg’?ltman Kodak Co. ;ég llil' 0 ym n = 1,4278071 + T - 0.028 (% - 0.028)7
- 1.1165792 x 1073 X? - 1,5949659 x 1076 )}
4n p; (v 2 - 2) vy 2
Field, G.R. and 0.2138-5.187 um -K=e_ ¥ 2
Wilkinson, G.R. 293 K - A%+ i z
1973 3
4mp; (7, V3 0)
2nk =? A e Viz v
AN
Dodge, M, d, 0,25~ 8,0 ym n2=1+2—x-z—_—7:r———"c
1976 for hot-forged 1 i .
sample
- 0,69913 A2 0,11994 »*
Tongent woxk Son 20 b 0 =1.83973% 3 0. 0957417 T N - (21.16)7

+ 4,35181 32
)\z - (88.46)5

2 i=1, 2; 4mP = 4.20, 4mpy = 0.40; yy = 257 cm™!, p, = 328 e 9y = 0. 018, y, = 0.35; €, = 2.045,

Pi=1, 2, 8470 =0,370, 470, = 0,032, 47 py = 0,036; vy = 266.0, v, = 328.0, v, = 83500, 0; 7y =0.052,
75 = 0. 950, 73 = 0.190; € ~ 2. 518,

© At 204K, A, =0, 98584551, A, =0,05200246, Ay = 4, 2816899,
M =0,07218116, ) =0, 14114719, X = 36, 465937;

At 307 K, Aq=0,97066991, A, = 0, 06792205, A, = 41634415
A = 0,07115659, )y = 0,13670627, X, = 35, 984292,

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980
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3.2 Strontium Fluoride, SrF.

sirontium fluoride, one of the fluoride-type crystals, is of
ssnsiderable interest from the experimental and theoretical
;’%n,smt of view. The compound is ionic but, in contrast to NaCl-
it pe crystals, it has a number of structural features associated
g+ imarily with the presence of two equivalent F~ jons in a unit
1.

Strontium fluoride crystal has a large electronic forbidden
sgap and therefore the fundamental absorption is found to be in
he vacuum ultraviolet beyond 10 eV. As a consequence, trans-
parency of the crystal extends into ultraviolet region to as low as
1212 micrometer. This makes strontium fluoride a material use-
“1ul in fabrication of optical components for vacuum ultraviolet
“investigations.

‘The strontium fluoride crystal belongs to the space group O3

"

and is expected to have one infrared active transverse optical
mode (TO) of vibration. The corresponding strong resonant ab-
sorplion occurs at about 46 micrometers. However, the long
wnvelength limit of transparency for optical usages is about 20
micrometers.

Although the crystal is transparent from 0.12 up to 20
micrometers, only in the region 0.3-7 micrometers is the disper-
sion low and the transmission high. Less transmission and higher
dispersion are found near the low and high limits. From the
point of view of optical applications, the crystal is a good win-
dow material for wavelengths from 0.3 to 7.0 micrometers,
and is a preferred material of dispersion devices, such as
prisms, for regions near the ultravielet and infrared limits of
the crystal.

Having low dispersion and high transmission in the spectral
region of 2—6 micrometers, being not hygroscopic, having a high
optical figure of merit and having better mechanical properties
than the alkali halides, the strontium fluoride crystal is among
the serious candidates for laser window materials. The wide-
spread use of SrF2 as a host crystal in laser applications encour-
aged attempts to grow single crystals with low impurity content.
However, difficulties were experienced in the growth of pure
crystals because of the low electronic mobility of conduction
tlectrons in the crystal. Synthetic material of high purity is now
commercially available or may be made by rcacting the purified
oxide or chloride with gaseous HF. Single crystals of SrF2 can be
grown by using the Stockbarger-Bridgman technique if ade-
quate precautions are taken to eliminate oxygen and water from
the atmosphere of the growing process. The crystal cleaves read-
ily along [1,1,1] planes which meet to form <1,1,0>> cleavage
edges. The cleavage is of value in the alignment of specimens.

It would be mislcading to think that the optical propertics of
SrF; have been extensively studied and that experimental data
are readily at our disposal. A quick scan of the data will show
that there are wide gaps and large discrepancies: see figure 12
and tables 19 and 20.

Strontium fluoride is receiving considerable attention since it
has a nearly ideal host lattice for paramagnetic ions. The ionic
radius of Sr** (1.10 A ) is closc to thosc of the ions of thc rarc-
earth group and certain elements of the actinide group. Stron-
tium fluoride doped with up to one percent of some foreign jons
demonstrates observable fluorescence. Because of this, some
investigations have been directed toward finding evidence of

interactions between electronic transitions and lattice vibrations
of this host crystal. Data from this work are concentrated near
the restrahlen region. Only one set of data is available for the
refractive index in the infrared region from 15 to 80 micro-
meters: Kaiser et al. [17]. The accuracy of this set of data is open
to question because it was deduced from the reflection spectrum
by classic dispersion theory. However, the spectra]‘ positions
obtained for the fundamental absorption peaks were in agree-
ment with those obtained from other sources. In addition, the
static dielectric constant derived from the dispersion equation
agreés with their own experimental values, which in turn agree
with measurements of Andeen et al. [19] and of Lowndes [15].
This additional evidence positively support the correctness of
their positions for the infrared absorption peaks.

At the other extreme, research activities were directed toward
finding the electronic structure of the crystal. Since strontium
fluoride has a large forbidden gap, much of the work was carried
out in the vacuum ultraviolet. Lukirskii et al. [63] measured the
refractive index for the wavelength region from 0.002 to 0.112
micrometer, Niser et al. [25] for 0.03 to 0.1234 micrometer and
Ganin et al. [53] for 0.06 to 0.25 micrometer. Since all of them
obtained their results by reducing the observed reflection spec-
tra, discrepancies among their results are to be expected. How-
ever, all these studies yield similar structures for the spectrum
of the refractive index in the vacuum ultraviolet, as shown in
figure 12.

With regard to the refractive index in the transparent region,
0.3 to 7.0 micrometers, it is unfortunate that data are available
only through four experimental investigations. Refractive in-
dices for the wavelength region between 0.4046 and 0.7678 um
were determined by Malitson at three different temperatures,
288K, 305 K, and 328 K, and were published by Smakula [94].
Refractive indices for the mean of the sodium D lines and for 4.5
micrometers were reported by Wulff et al. [62] and by Gisin
[64], respectively. Gisin’s values, which were obtained for thin
films of various thickness, are expected to be lower than that of
the bulk crystal. The only data set shich covers a wide transpar-
ent region from 0.37 to 10 micrometers is a set of preliminary
data by the OPTOVAC company, compiled by Dickison {65]. As
the data set was presented in a coarse diagram, values read from
this diagram carry large uncertainty, particularly in the necar
ultraviolet region where the plotted diagram curves most. As a
result, the values read from the diagram are not adequate for '
data analysis. In addition, Dickison quoted two values for re-
fractive indices at wavelengths 4.0 and 10.0 micrometers. The
value at 4.0 micrometers is 1.44 (for a Harshaw grown crystal)
which differs considerably from that read from the OPTOVAC
diagram, about 1.41. The valuc at 10.0 micromcters is 1.36,
which is consistent with the value from the diagram. Therefore,
we are left only one set of reliable refractive index values in the
visible region by Malitson. The value 1.36 at 10.0 micrometers,
though not accurate, will be used to evaluate the coefficients for
infrared terms.

From this brief review of available data, it may appear that we
lack data to make recommendations. However, we arc not pro-
vented from making reasonable predictions because we do have
information on infrared absorption peaks, the static dielectric
constant, the optical dielectric constant and the available refrac-
tive indices in the visible region by Malitson and at 10 microm-
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eters from OPTOVAC diagram. A correlation of these quantities
through the dispersion equation is possible. Since reliability of
the predicted value depends largely on the reliability of these
parameters, a careful selection of the available data for these
parameters plays a decisive role in making recommendations.

The available data on the optical and static dielectric con-
stants and the wavelength of the fundamental optical phonon for
SrF: are given in tables 4, 5, and 6, where values reported by
different authors were grouped to facilitate an easy comparison.
From these table, the parameters at room temperature are
chosen: i

€ = 6.4679 % 0.0006 (Andeen et al.),
Ao = 26.03jm, average of two entries in table 6,
Aro = 45.6 & 0.6 um, average of three entries in table 6.

Furthermore, two facts were observed in the study of CaF» and
BaF3: the value of the constant term in each of the dispersion
equations is the same, 1.33973, and the effective wavelength of
the ultraviolet absorption band in each case agrees closely with
that estimated from Rubloff’s work. Assuming that this is also
the case for SrF», the coefficient of the ultraviolet term can
easily be determined. As the contributions of the infrared terms
to the refractive index in the visible region are negligibly small,
the uv coefficient can be obtained by including the first two
terms in the dispersion equation. Using Malitson’s values, a
fitting calculation yields a value 0.7097 for the coefficient,
which agrees with the value, 0.73, based on the difference of the
available optical dielectric constant and the constant term in the
dispersion equation. The resulted value of A, is 0.09597 um
which is in close agreement with the value. 0.09566. estimated
‘from Rubloff’s work.

in the determination of the coefficients of infrared terms, two
observations are taken as guides. In the first place. the sum of
the coefficients in the dispersion equation should agree with the
static dielectric constant. However, in the cases of Caks and
BaF> this sum is less than the corresponding static dielectric
constants, about 0.3 less for CaF3 and 0.5 less for BaFa, because
the approximation of neglecting the effects of damping factors
and absorption bands other than the predominant ones. A simi-
lar difference is likely to hold for SrF2, and a value about 0.4 is
allowed to the discrepancy, corresponding to the average of
those for CaF; and BaFs. The second fact is that the contribution
to the refractive index from the TO phonon predominates over
that of the LO phonon. With these considerations, and by using
the value 1.36 for the refractive index at 10 micrometers, the
coefficients of the infrared terms can be calculated. The results
are 3.8796 for the TO term and 0.1788 for the LO term.

The dispersion equation thus obtained is

2 2
2 = 1.33973 + 0.7097 A 0.1788 A
A%Z— 0.095972 AZ— 26.032
(18)
_ samoon
A2 45.60%"
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Where A is in unit of micrometers. When this equation is useil
evaluate the refractive index at 4.0 micrometers, the result
1.424, about 0.014 higher than that obtained from the OPT:
VAC diagram and about 0.016 lower than that of the Harsh:
crystal. The following consideration would lend support to u
prediction. On close examination of the OPTOVAC-diagrar
one will find that a wide section of the curve between 1.0 to |
micrometers is actually a straight line, probably constructed
connecting the data points at visible wavelengths and at 10 m
_crometers. This is in contradiction to the general behavior of th
refractive index as a function of wavelength. As a rule of thuml
the refractive index varies slowly in the wide middle section «
transparent region, but large variations occur near the end:
According to this rule, the refractive index at 4.0 micrometer:
should be higher than the diagram indicates. The quoted refrac
tive index value for the Harshaw crystal is apparently too higl
for pure strontium fluoride. A simple calculation shows that thi:
value is the square root of the optical dielectric constant. Th
contribution to the refractive index in the transparent region for
the infrared terms is always negative. At 4.0 micrometers, th
refractive index must be lower than the square root of optical
dielectric constant. The high refractive index for the Harshaw
crystal is probably due to impurities.

Equation (18) is used 1o represent the refractive index of SrF,
at 293 K from 0.15 to 14.0 micrometers. As this equation is
obtained mainly by correlation of physical parameters which are
either available through literature or estimated empirically,
large uncertainties are expected, especially near the limits of the
transparent region. The estimated uncertainties in the refractive
index for the visible region are about 0.0005 while in other low
dispersion regions uncertainties are about 0.005. In the ultra-
violetregion from 0.15to 0.3 micrometer, additional uncertainty
is estimated using the formula:

An =

0.720 A2 (M Mu)

O — A5y 19

n

where AA, = 0.119 — A,. In the infrared region from 7.0 to
14.0 micrometers the additional uncertainty mainly comes
from the uncertainty (estimated at 0.4) in the static dielectric
constant. The predominant contribution to the uncertainty is:

e () (i)
2n A2 — 45.62

Although SrFz has been recognized as a good optical mate-
rial, especially for laser applications where the lemperature
derivative of the refractive index is a parameter of prime im-

portance, the experimental data on the refractive index is
scarce. With regard to dn/dT data nothing was available until
recently, Lipson et al. |59 reported dn/dT measurement for
three spectral lines, 0.0328, 1.15, and 3.39 micrometers, and
Tsay et al. [92] reported measurements for five lines, 0.325,
0.4416, 0.6328, .15, and 3.39 micrometers. The availab]c

dn/dT data are forund 1o fit the equation
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For refractive index:

50.0 A*

tn

By o = —280 — 55202 — 1) + ———— Wavelength range Estimated
dT ¢ ) (A? — 0.095667) microxg;leters ) uncertainty, &
198.1 A? 1980.8 A+ (20) 0.15-0.20 0.05
N2 — 45.62 (A2 — 45.6%2 0.20-0.30 0.02
0.30-0.40 0.005
0.40-0.70 0.0005
0.70-7.00 0.005
7.00-10.0 0.01
10.0-14.0 0.02

Vsjuations (18) and (20) were used to generate the reference For dn/dT:
#atn given in the table of recommended values. Values of

#1/dN were simply evaluated by the first derivative of eq (18). 0.15-0.20 >3.0
Although values of n are given to the fourth decimal place and 0.20-0.30 3.0
sin/dT 10 the first, this does not reflect the reliability of the 0.30-1.00 1.5
numbers; they are so given simply for smoothness of tabula- 1.00-6.00 1.0
non. However, an overstrike is placed to indicate the insignifi- 6.00-9.00 1.5
vant part of the value. For the proper use of the tabulated 9.00-10.0 2.0
«alues the reader should follow the criteria given below: 10.0-14.0 3.0
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TABLE 18. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIUATIVES FOR STRONTIUM FLUORIDE AT 233K*

0861 'L "ON ‘6 "IoA ‘ving ‘joy ‘way) ‘shyq T

A -dn/d\ dn/dT A n -dn/d\ dn/dT by n -dn/dx dn/dT
Um T oum ! 107°K ! um pum * 10 6k ! Lm ym ! 10 Sk !
0.150 1.5941 3.4826 9.1 0.220 1.4886 0.6232 -6.4 0.290 1.48I6 0.2316 -9.5
0.152 1.5874 3.2425 7.9 0.222 1.4874 10,6078 -6.B 0.292 1l.4612 0.2262 -9.5
0.154 1.58[1 3.0238 6.3 0.224 1.4862 0.5873 -6.7 0.294 1.4607 0.22106 -8.5
0.156 1.5752 2.8235 5.8 0.226 1.4856 0,5678 -6.8 0.296 1.4603 0.2159 -9:7
0,158 1.5698 2.6510 5.0 0.228 1.4839 0,5432 -7.0 0.298 1.4558 0.2110 -9.7
0.160 1.5646 2.4834 4,2 0.230 1.4828 0.5314 -7.1 0.300 1.4595 0.2062 -9.7
0.162 1.5538 2.3338 3.4 0.232 1.4818 0,5144 -7.2 0.305 1.4585 0.1950 -3.8
0.164 1.5553 2.2038 2.7 0.234 1.4808 0.,4982 -7.4 0.310 1.4575 0.1845 -8.9
0.166 1.55]0 2.0738 2.1 0.236 1.4738 0.4827 -7.5 0.315 1.4568 ©.1749 -10.0
0.168 11,5468 1.9637 1.5 0.238 1.,4788 0.4678 ~-7.6 0.320 1.4558 0.1659 -10.1
0.170 1.5431 1.8576 0.3 0.240 11,4779 0.4538 =~7.7 0.325 1.4543 0.1575 -10.2
0.172 1.5335 1.7535 0.4 0.242 1.4770 0.4400 -7.8 0.330 1.4542 0.1437 =-10.3
0.174 1.5361 1.8687 -0.1 0.244 1.4762 0.4268 -7.8 0.335 1.4534 0.1424 ~10.4
0.176 1.5328 1.5844 -0.B 0.246 1.,4753 0.4144 -8.0 0.340 1.4528 0.1356 -10.4
0.178 1.52%7 1.5081 ~-1.0 0.248 1.4745 0.4023 -8.1 0.345 1.4521 0.12%2 -10.5
0.180 1.5268 1.4332 -1.3 0.250 11,4737 0.3308 -8.2 0.350 1.4515 0.1233 =-10.B
0.182 1.5230 1.3852 ~-1.B 0.252 1.4723 0,3797 -8.3 0.355 1.4503 0.11i77 ~10.5
0.18¢4 1.5213 (.30l7 -2.2 0.254 1,4722 0,3680 -8.3 6.360 1.4503 0.1124 =-10.7
0.186 1.5188 1.2424 -2.5 0.256 1.4715 0.3588 -8.4 0.365 1.4497 0.1075 =-10.8
0.188 11,5164 1.1858 -2.9 0.258 1.4708 0,3483 -8.5 0.370 1.4482 0.1028 -10.8
0.190 1.5130 1.1346 -3.2 0.260 1.4701 0.3334¢ -8.B 0.375 1.4487 0.0985 =-10.9
0.192 11,5118 1.0857 -3.5 0.262 1.4834 0.3303 -8.7 0.380 1.4482 0.0844 -10.8
0.194 1.5097 1.0337 -3.8 ¢.264 11,4687 0.3215 -8.7 0.385 1.4478 0.0905 ~-11.0
0.196 1.5077 0.9954 -4.0 0.266 1.4681 0.3130 -B.8 0.330 1.4473 0.0868 -11.0
0.198 1.5057 0.9557 =4.3 0.268 1.4675 0,3048 -8.3 0.395 1.4469 0.0833 -11.0
0.200 1.5038 0.9172 -4.5 0.270 1.4868 0,296 -8.3 0.400 1.4465 0.0800 -11.1
0.202 1.5020 0.8803 -4.7 0.272 1.4663 0,2883 -39.0 0.410 1.4457 0.0740 -11.2
0.204 1.5083 0.8466 ~-5.0 - 0.274 1.,4657 0,2820 -9.1 0.420 1.4450 0.0685 -11.2
0.206 1.4986 0.8141 -5.2 0.276 1.4652 0.2748 -9.1 0.430 1.4443 0.0636 -11.3
0.208 1.4970 0.7834 -5.4 0.278 1.4646 0.268f -9.2 0.440 1.4437 0.0592 -11.4
0.210 1.4955 0.7542 ~5.5 0.280 1.4641 0.2615 -9.2 0.450 1.4432 10,0552 -1i1.4
0.212 1.4940 0.7256 -5.B 0.282 1.4635 0.2551 -9.3 0.450 1.4426 0.0515 -11.5
0.214 1,496 0.7004 -5.9 0.284 1.4631 0.2483 -9.3 0.470 1.4421 0.0482 -11.5
0.216 1.48[2 0.6755 -B.1 0.286 1.4626 0.2430 - -9.4 0.480 1.4417 0.045% -11.6
0.218 1.4893 0.6518 -6.3 0.288 1.4621 0.2372 -9.5 0.430 1.4412 0.0424 -11.B
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TABLE 18. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAUELENGTH AND
TEMPERATURE DERIVATIVES FOR STRONTIUM FLUORIDE AT 293K (CONTINUED)*
A -dn/dXx A -dn/dX A -dn[;i)\ dgéd_’gl
ym © Um ! Um Um ! Um Um 10 °K
0.500 1.4408 0,0398 =-11.§ 1.250 1.4318 0.0042 -12.4 3,000 1.4250 0.0047 =-12.5
0.510 1.4404 0.0375 -11.7 1.300 1.4315 0.0040 -12.4 3.0501.4248 0.0047 -12.5
0.520 1.4401 0,0353 =-11.7 1.350 1.4314 0.0038 -12.4 3.100 1.4246 0.0048 -12.5
0.530 1.4397 0,0333 =-11.7 1.400 1.4312 0.0037 -12.%4 3,150 11,4243 0.0049 =12.5
0.540 1.4394 0,0315 =-11.8 1.450 1.431T 0.0036 -12.9 3.200 11,4241 0.0048 -12.5
0.550 1.4391 0.0298 -11.F 1.500 1.4309 0.0036 -12.4 3.250 1.4238 0.0050 ~12.5
0.560 1.4388 0.0282 -11.8 1.550 1.4307 0.0035 -i2.5 - 3.300 1.4236 0.0051 -12.5
0.570 1.4385 0,0268 =-11.9 1.600 1.4305 0.0035 =-12.5 3.350 1.4233 0.0052 =-12.5
0.580 1.4382 0.0254 =-11.9 1.850 1.4304 0.0034 -12.5 3.400 1.4231 0.0052 -12.5
0.590 1.4380 0.0242 -11.9 1.700 1.4302 0.0034 -12.5 3.450 1.4228 0.0053 -12.5
0.600 1.4378 0.0230 =-i1.3 1.750 1.4300 0.0034 -12.5 3.500 1.4225 0.0054 -12.5
0.620 1.4373 0,0203 =-12.0 1.800 1.4298 0.0034 -12.5 3.550 1.4222 0.0055 -~i2.5
0.640 1.4369 0,0191 =-12.0 1,850 1.4297 0.0034 -12.5 3.600 1.4220 0.0055 =-12.5
0.660 1.4366 0.0175 -12.0 1.900 1.4295 0.0035 -12.5 3.650 1.4217 0.0056 =-12.5
0.680 1.4362 0.,0160 -12.1 1.950 1.4233 0,0035 -12.5 3.700 1.42(4 0.0057 =-12.5
0.700 1.4353 0.0148 -12.T 2.000 1.429] 0.0035 -12.5 3.750 1.42!1 0.0058 =-12.5
0.720 1.4356 0.0137 -12.1 2.050 1.4283 0.0036 -12.5 3.800 1.4208 0.0058 =-12.5
0.740 1.4354 0.0127 -12.1 2.100 1.4288 0.0036 -12.5 3.850 1.4205 0.0059 =-12.5
0.760 1.4351 0.0118 -12.2 2.150 1.4286 0.0036 -12.5 3.900 1.4202 0.0060 -12.5
0.780 1.4348 0.0110 =-12.2 2.200 1.4284 0.0037 -12.5 3.950 1.4193 0.0061 -12.5
0.800 1.4347 0,0103 -12,2 2.250 1.4282 0.0037 -12.5 4,000 1.4185 0.0061 -12.5
0.820 1.4345 0.0097 -12.2 2.300 1.4280 0.0038 -12.5 4,050 1.4193 0.0062 -12.5
0.840 1.4343 0.0091 -12.2 2.350 1.4278 0.0038 -12.5 4,100 1.4190 0.0063 -12.5
0.860 1.4341 10,0086 -12.3 2.400 1.4276 0.0033 -12.5 4.150 1.4187 0.0064 =-12.5
0.880 1.4333 0.0081 -12.3 2.450 1.4274 0.0033 -12.5 4,200 1.4183 0.0085 -12.5
0.900 1.4338 0.0077 -12.3 2.500 1.4273 0.0040 -12.5 4,250 1.4180 0.0065 -12.5
0.920 1.4336 .0.0073 -12.3 2.550 1.4270 0.0041 -12.5 4.300 1.4177 0.0086 -12.5
0.940 1.4335 0,0070 =-12.3 2.6800 1.4268 0.0041 -12.5 4,350 1.4174 0.0067 =-12.5
0.960 1.4334 0.0086 -12.3 2.650 1.4266 0.0042 -12.,5 4,400 1.4170 0.0088 -12.4
0.980 1.4332 0.0064 -12.3 2.700 1.4264 0.0043 -12.5 4,450 1.4167 0.0063 -12.9
1.000 1,433 0.0061 =-12.3 2.750 1.4262 0.0043 -12.5 4.500 1.4163 0.0068 -12.4
1.050 1.4328 0.0055 -12.4 2.800 1.4260 0.0044 -12.5 4,550 1,4160 0.0070 -12.4
1,100 1.4325 0.0051 -12.94 2.850 1.4257 0.0045 -12.5 4,600 1,4156 0.0071 -12.94
1.150 1.4323 0.0047 =-12.3 2.900 1.4255 0.0045 -12,5 4,650 1.4153 0.0072 -12.4
1,200 1.4321 0.0044 =12.% 2.950 1.4253 0.0046 -12.5 4,700 11,4148 0.0073 -12.9
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TABLE 18. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR STRONTIUM FLUORIDE AT 293K (CONTINUED)*

o © =dn/d\x - dn/dT D -dn/d\ @dn/dT X =dn/dA dn/dT
-~ Ym o um.l' ‘10 ?K:l Com B am Y1078 um B pm'; 10 °x’!?
4,750 1.4145 0.0073  ~12.4 7.100° 1,3924 0.0115 =12.0 -~ .. 9,700 1.3552 0.0172 -10.7-
4.800 1,4142: 0.0074 © ~12.3 7.200 - °1,3918- 0.0117 -12.0- 9.800: 1.3535: 0.0174" =10.7
4,850 1.4138. 0.0075 =-12.4 7.300..1:3300 ' 0,0113-+=12.0 8.900-:1,3518 .0.0177 - '=10.6.
‘4,800 - 1.4134 0.0076  ={2.%4 7.400 1.3888 ' 0.0121 -11.5 10.000. 1.3500 -0.0179 =10.5:
4.950° 1.4130 .'0.0077 . -12.4 7,500 1,3876. 0.0183  =11.9 10.200 1.3463 0.0184 - -10.3 .
5,000 1.4196 0:0078 -12.9 7.600. 1.3863 ~0.0125 ~1i.3 10.400. . 1.3426. 0.0189 . -10.1"
5.100 1.4118 0,0079 =12.4 .7+700  1,3851 .0.0127.,~11.8 10.600 . 1.3387 0.0195 - -9.3°
5.2000 1.4110 -0.0081 =12.4 7.800° 1.3838 0.0129 -~1i1.B 10,800 1.3348 ' 0.0200 . ~9.7"
5.300 ° 1.4102 ~0,0083° -~12.%4 7.900.°1.3825° 0,013l =~11.8" 11.000 1.3307 0.0206° -9.5.
5.400 - 1.4084° 0.0084" -12.4: 8.000 1.3811 0.0133 -11.7 11,800°:1.3265 . 0.0212 . =8.2;
-5.500'1.,4085 0.0086. -12.3 8.100 1.3788 0.0135 -11.7 11.400 °'1.3222 - 0.0217  =9.0
5.600. 1.4076 0.0088. =-12.3 8,200 '1.3784.0.0138 -11.B. 11,800+ .1,3178 - 0.0223 - ~B.7.
5,700 © 1,40687 | 0:0080. -12.3 8.300..1:3770 0.0140 ° 11,6 - 11.800 -1.3133 ..0.0230 " 8.4
5.800 1,408 0.0091 . =12.3 8.400 - 1.3756 1 0.0142  -11.5 12.000. 1.3088: 0.0236 --8.1
5,800 11,4049 - 0.0093 -=12:3 8,500 1.3742.0,0144 -11.5 12,200 1,3038 ©.0,0243 | =7.7"
1 6.000°1,4040 ~ 00095 =~12.3 8,600 *1.3727 70,0146 =11.4 12.400 ' 1.2983° 0.0249 - .~7.4.
-B6:100 ~1,4030. 0:0037  =12.3 8:700  1.3713 1 0.0148 ' -11.3 12.600° . 1.2938 . 0.0256  ~7.0-
6.200 .1.4020 0.0099 -.~12.2 8,800 1.3638 0.0151" ~11.3 12.800.1.2886 0.0264 - ~B6.B"
£:300°1,4010" 0.0100% ~12.2 8,900 13682 : 0.0153 =14.3 13.000 1.2832° 0.02871 -6.1"
6400 * 1,4000 O, 0102 - =12.2 /9.000 - 1.3667  0.0155 =11.2 113,200 11,8777 0.0278°  -5.7
6.500° 1.3990" '0 0104 =12,8. 8,100 1.3651. 0,0157 .~i1.2 13,400 '1.2721 - 0.0286" =5
8:B800 1. : R =Py ‘9,200 1.3635+0.0160" =1{.T 13,600 1.2663 0.0295 - 4.
B.700 12,1 9,300 '1.3618 ~°0,0162 . -11.0 13.800 - '1.2603..0.0303" - =4.1
6,800 '1,3957 7 0.01:0 - =12.1 9,400 :1.3603 . .0.0164" =11.0° 14,000 * 1,854 0.0318 =3
6.800 " 1.3946 0.0111. *12.T 9.500 1.3586  0,0167 =10.9 S sy

e IN THIS TABLE  MORE ‘DECIMAL -PLACES 'ARE’ REPORTED THAN WARRANTED HEEELY FOR THE: PURPOSE OF TABULAR *
“SMODTHNESS AND - INTERNAL - COMPARISON. : FOR: UNCERTAINTIES OF 'TABULATED UALUES IN UARIOUS WAVELENGTH
:RANGESs 'SEE. THE: TEXT: OF SUBSECTION 3, 2.,,.HE ‘NUMBER OF. .DIGITS NITH aN UUERSTRIKE IS NOT‘RELQUEHT
-TO THE ACCURACY OF THE UALUES o

T
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REFRACTIVE INBEX.
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FIGURE 12. REFRACTIVE INDEX OF STRONTIUM FLUORIDE (WAVELENGTH DEPENDENCE)
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?-TEHPERQTURE an GIUEH.‘ESSK nssunsn. o

CRYSTAL OF UNSPECIFIED TYPEs CRYSTAL SIZE NOT LARGE ENOUG

- FOR_INTERFEROMETRIC MEASUREMENT: REFRACTIVE INDEX'

" DETERMINED BY. IMMERSION METHOD FOR THE MEAN OF SODIUM D

':gzggf. DATA EXTRACTED FROM A TABLE; U CERTAINTY oF 1 NDEX
0.001. ;

k*#”REFRﬁCTIUE INDEXFUQLUES DETERHIHED AT NBS BY MALITSON = o
'REPORTED IN OSRD REPORT ND. 4650, 944. THIS DATA SET uas :
PUBLISHED BY SMQKULR IN 1882, 5 : S

.40-0.77 38 1LAR TO ABOV:
-0-80.0 ._fv”?:’szncLE CRYSTAL: PLATE SPECIVEN;

CRATSER M. 0.1-5.0MM  THICK: HIGHLY °
CSPITZERWMG. oo 0 POLISHED SURFACES;: NEAR NORMAL INCIDENT REFLECTION: SPECTRUM'
KAISERyR.Hy = o it 'OBTAINED; REFRACTIVE 'INDEX DEDUCED FROM REFLECTION SPECTRUM

'~...HouARTH.h;E.;. WITH LORENTZ THEORY; DATA EXTRACTED FROM'A SMOOTH CURUE; .
Rt NI A : LORENTZ DAMPED-OSCILLATOR DISPERSION EGUATION ALSO GIVEN. -
7 .83 ,LUKIRSKII,R.P." 1384 R 0,002-0.12 288 THIN FILM SPECIMEN CF STRONTIUM FLUORIDE ON GOLD OR aLunzuzun

ST UBAVINOUWELR, - S oo TwTo e U GUBSTRATES REFRACTIVE INDEX DEDUCED FROM REFLECTION = - @ .
~ZRSHOU, 0.8 - S 1 SPECTRUM UITH FRESNEL FORMILAE: DATA. EXTRACTED FROM A
SHEPELEV.YULF. - L TeBCE.
8 '84_,_*GISIN-H A, 1888 T 0 4.5 - 298 THIN FILM SPECIMEN OF THICKNESS FROM 0.8 T0 7.4 MICROMETER on
A T . U SILICON OR GERMANIUM SUBSTRATE: REFRACTIVE INDEX DETERMINED
BY_INTERFERENCE METHOD FOR THE SPECTRAL LINE 4.5
Sl LT L R S  MICROMETERS# DATA EXTRACTED FROM A TABLE. -
9 25  NISARsM. . . 1874 R 0.03-0.124 293  siveLe CRYSTAL: OBTAINED FROM THE HARSHAW CHEMICAL CO.P =
o UROBINGS. o on VT T 7 SPECIMEN CLEAVED TN UACUUNS 20 DEGREE. INCIDENT REFLECTION -
SR 0 SoECTRUM OBTAINED: REFRACTIVE INDEX DEDUCED FROM REFLECTION
: SPECTRUM WITH KRAMERS-KRONIG RELATIONS DATA EXTRACTED FROM .
DI S - B T TR S AFIGURE: TEMPERATURE NOT GIVEN, 293K ASSUMED., = -
10 . 53 ;:canxn.u.,sxnokxn.u. ‘1975 R . 0.06-0.25 300 . SINGLE CRYSTAL: FRESHLY CLEAUED SPECIMEN: NEAR NORMEL
© UKARINsM.eSIDORINGK. . - .. o .o 0 T REFLECTION SPECTRUM OBTAINED; REFRACTIVE INDEX DECUCED ann
_STAROSTIN: N, » REFLECTION SPECTRUM WITH KRAMERS-KRONIG RELATION: DATA -
STARTEFILT [EXTRACTED FROM A FIGURE:

SIAIVH HLAV3 NIV 40 X3ANI JALLOVHITY



. REFRACTIVE INDEX OF STRONTIUM FLUORIDE (WAVELENGTH DEPENDENCE) (CONTINUED)

HAVELENGTH TEMP, SPECIFICATIONS AND REMARKS
RANGE, um K

4.0,10.0 283 THE DATA ARE FOR HARSHAW GROWN CRYSTAL COMPILED BY THE
AUTHOR: NO DETAILS ABOUT HOW THE DATA WERE OBTAINED WAS
GIVEN: TEMPERATURE NOT GIUEN, 293K ARSSUMED: DATAR EXTRACTED
FROM A TABLE.

0.37-10.0 283 THIS DATA SET IS THE PRELIMINARY DATA BY OPTOURC., INC.
COMPILED BY THE AUTHOR: NO DETAILS OF THE MEASUREMENT
INFORMATION HWAS GIVEN: TEMPERATURE NOT GIVEN, 293K ASSUMED:
DATA EXTRACTED FROM A SMOOTH CURVE.

912
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A n
DATA SET 1

T = 283.0
0.58S 1.438
DATA SET 2

T = 298.0
0.589 1.442
DATA SET 3

T = 288.0
0.4046 1.446085
0.4358 1.443364
0.4861 1.441402
0.5460 1.439245
0.5862 1.438082
0.6562 1.436703
0.6678 1,436508
0.7085 1.4353916
0.7678 1.435136
DATA SET 4

T = 308.0
0.40456 1.445857
0.4358 1.443742
0.4861 1.441172
0.5460 1.433008
0.5862 1.437848
0.6562 1.436470
0.6678 1.436268
0.7065 1.435672
0.7678 1.434838
DATA SET 5

T = 328.0
0.4046 1.445632
0.4358 1.443505
0.4861 1.440932

TAELE 20.

EXPERIMENTAL REFRACTIVE INDEX OF STRONTIUM FLUORIDE (WAVELENGTH DEPENDENCE)

[MAVELENGTHs As ums TEMPERATURE, T» K3 REFRACTIVE INDEX» n ]

A n
DATA SET S5(CONT.)
0.5460 1.438771
0.58862 1.437606
0.6562 1.436226
0.6678 1.436031
0.7065 1.435431
0.7878 1.434652
DATA SET 6

T = 300.0
15.3 1.24
17.9 1.18
20.1 1.12
22.0 0.94
24.1 0.70
26.1 0.37
27.6 0.16
30.0 0.16
33.8 0.16
37.86 0.16
40.0 0.21
41.8 0.33
43.6 0.58
44.6 0.98
45,0 1.46
45.3 2.26
45.4 2,33
45.4 3.70
45.6 4,48
45,6 5.20
45.8 6.01
45.8 8.67
45.9 7.57
45,8 8.51
48.0 9.30
46.0 10.07
46.0 10.85
456.2 11.59
45.5 12.30
46.7 11.59

A n
DATA SET B(LCONT.)
45.9 10.82
47.1 10.10
47.3 9.41
47.4 8.65
47 .6 7.89
48.0 7.11
48.8 5.46
43.3 5.84
50.0 5.42
50.9 4,87
52.3 4,57
S3.7 4,24
55.5 3.83
57.4 3.67
59.9 3.47
62.9 3.31
65.3 3.15
70.0 3.05
73.8 2.95
75.7 2.839
80.0 2.86
DATA SET 7

T = 298.0
0.00236 0.9981
0.00314 10,9989
0.0044 0.9987
0.0067 0.93666
0.0113 0.9868
DATA SET 8

T = 298,

4.5 1.34
4.5 1.32
4.5 i.29
4.5 1.28
4.5 1.27
4.5 1.25

A n
DATA SET 8(CONT.)
4.5 1.23
DATA SET 8

T = 293.0
0.0345 1.24
0.0343 1.23
0.0351 1.23
0.0354 1.25
0.0356 1.27
0.0358 1.28
0.0361 1,28
0.0364 1.25
0.0368 1.24
0.0372 1.24
0.0374 1.24
0.0376 1.24
0.0379 1.27
0.0381 1.28
0.0383 1.28
0.0385 1.27
0.0386 1,27
0.0388 1.28
0.0382 1.33
0.0336 1,38
0.0400 1.45
0.0401 1,50
0.0403 1,54
0.0405 1,60
0.0406 1,74
0.0407 1.81
0.0403 2.02
0.0410 2,11
0.0411 2,14
0.0413 2,13
0.0414 2.12
0.0416 2.12
0.0417 2.14
0.0418 2,14
0.0420 2.08

A

DATA SET S(CONT.)

0.0421
0.0423
0.0424
0.0426
0.0428
0.0430
0.0432
0.0433
0.0435
0.0436
0.0438
0.0438
0.0442
0.0444
0.0446
0.0443
0.0450
0.0452
0.0454
0.0457
0.0458
0.0462
0.0464
0.0466
0.0467
0.0469
0.0471
0.0475
0.0478
0.0482
0.0488
0.0494
0.0486
0.0497
0.0500
0.0502
0.0504
0.0506
0.0508
0.0510

n

2.08
2.04
2.00
1.97
1.94
1.83
1.94

1.85

1.97
1.97
1.96
1.95
1.97
1.99
2.08
2.20
2.25
2.25
2.17
2.07
1.96
1.85
1.75
1,75
1.786
1.75
1.73
1.69
1.67
1.64
1.61
1.59
1.58
1.59
1.59
1.58
1.56
1.56
1.57
1.57

A

DATA SET 3(CONT.)

0.0512
0.0514
0.0516
0.0518
0.0521
0.0523
0.05285
0.0527
0.0528
0.0532
0.0536
0.0533
0.0541
0.0543
0.0546
0.0548
0.0551
0.0553
0.0556
0.0558
0.0563
0.0S68
0.0574
0.0582
0.05S0
0.0536
0.0601
0.0604
0.0607
0.0613
0.0616
0.0620
0.0625
0.0623
0.0632
0.0635
0.0642
0.0645
0.0652
0.0658

n

1.82
1.78
1.88
2.03
2.13
2.11
1.89
1.74
1.69
1.67
1.68
1.71
1.81
1.88
1.82
1.83
1.82
1.82
1.64
1.B0
1.56
1.53
1.50
1.48
1.45
1.43
1.41
1.40
1.40
1.40
1.41
1.43
1.44
1.44
1.43
1.44
1.45
1.45
1.43
1.42
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TRBLE 20. EXPERIMENTAL REFRACTIVE INDEX OF STRONTIUM FLUORIDE (WAUELENGTH DEPENDENCE) (CONTINUED)
[WAVELENGTH» A » ums TEMPERATURE., T» K; REFRACTIVE INDEXs n ]

A n A n A n A . n

DATA SET 9(CONT.) DATA SET S(CONT.) DATA SET 10C(CONT.> DATA SET 12
T = 293.0

0.0670 1.38 0.0933 2.23 0.0710 0.77
0.0681 1.36 0.0846- 2.20 0.0754 0.77 0.37 1,455
0.0688 1.33 0.0953 2.15 0.0816 0.92 0.42 1.444
0.06396 1.32 0.0968 2.08 0.0831 1.02 0.44 1.442
0.0700 1.31 0.0976 2.00 0.0857 0.84 0.43 1.440
0.0704 1.33 0.0384 1.88 0.0870 0.73 08.55 1.438
0.0708 1.36 0.083e 1.82 0.08393 0.87 0.60 1.437
0.0712 1.38 0.1000 1.72 0.0933 1.14 0.63 1.435
0.0720 1.41 0.1008 1.68 0.0861 1.30 0.83 . 1.434
0.0729 1.43 0.1016 1.78 0.0988 1.25 1.00 1.432
0.0738 1.45 0.1024 1.90 0.1014 1.15 1.50 1,429
0.0746 1.49 0.1033 2.07 0.1030 1.28 2.00 1,425
0.0756 1.55 0.1042 2.10 0.1088 1.58 2.50 1.421
0.0765 1.58 0.1050 2.06 0.1088 1.94 3.00 1.416
0.0770 1.65 0.1058 2.02 0.1110 2.08 3.50 1.412
0.0778 1.78 0.1078 2.00 0.1128 2.01 4.00 1.408
0.0784 1.83 0.1087 1.98 0.1128 1.40 4.50 1.406
0.0788 1.78 0.1097 1.92 0.1135 1.31 5.00 1.400
0.0794 1.71 0.1117 1.84 0.1157 1.39 5.50 1.397
0.0800 1.63 0.1127 1.76 0.1172 1.58 8.00 1.393
0.0805 1.71 0.1137 1.66 0.1172 2.66 B.50 1.388
0.0810 1.76 0.1148 1.54 0.1184 2.70 7.00 1.386
0.0815 1.66 0.1158 1.64 0.12089 2.66 7.50 1.381
0.0826 1.54 0.1169 1.85 0.1288 2.01 8.00 1.377
0.0837 1.46 0.1180 e.17 0.1364 1.78 8.50 1.373
0.0843 1.45 0.1192 2.33 0.1470 1.67 9.00 1.363
0.0848 1.47 0.1203 2.45 0.1691 1.57 8.50 1.365
0.0855 1.43 0.1215 2.38 0.1943 1.52 10.00 1.362
0.0861 1.52 0.1227 2.34 0.2254 1.48
0.0867 1.58 0.1240 2.31 0.2655 1.46
0.0873 1.65 0.3139 1.43
0.0873 1.72 DATA SET 10 0.4460 1.43
0.0885 1.81 T = 300.0
0.0892 1.88 DATA SET 11
0.0898 2.07 0.0580 0.68 T = 293.0
0.0890S 2.15 0.0581 0.74 ,
0.0811 2.23 0.0807 0.75 4,0 1.44
0.0318 2.24 0.0614 0.71 10.0 1.36
0.0825 2.25 0.0668 0.82

0.0932 2.25 . .0.0895 0.82

-1 X2
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* REFRACTIVE INDEX.
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FIGURE 14.  REFRACTIVE INDEX OF STRONTIUN FLUORIDE (TEMPERATURE DEPENUENCFI.
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TARELE 21. MEASUREMENT INFORMATION ON THE REFRACTIUE INDEX OF STRONTIUM FLUORIDE (TEMPERATURE DEPENDEMCE)

DATA REF. AUTHOR(S) YEAR METHOD MWAUVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE, Um K
1 64 GISINsM.A. 1969 I 4.5 298-8673  THIN FILM SPECIMEN OF 0.7 TO 0.86 MICROMETER ON SIL.ICON OR

GERMANIUM SUBSTRATE? REFRACTIVE INDEX DETERMINED BY
INTERFERENCE METHOD FOR THE SPECTRAL LINE 4.5 MICROMETERS:
DATA EXTRACTED FROM A TABLE.

0TT
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TABLE 22. EXPERIMENTAL REFRACTIVE INDEX OF STRONTIUM FLUORIDE (TEMPERATURE DEPENDENCE)
[WAVELENGTH, A» pms TEMPERATURE, T» K3 REFRACTIVE INDEX, nl

T n
DATA SET 1
298.0 1.35
343.0 1.34
373.0 1.36
423.0 1.36
448.0 1.36
473.0 1.38
523.0 1.41
573.0 1.44
623.0 1.47
673.0 1.51

SIANVH HLYVI AINITYITVY 40 X3ANI FAILD VA4
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FIGURE 15. TEMPERATURE BERIVATIVE OF REFRACTIVE INDEX OF STRONTIUM FLUOGRIDE (WAVELENGTH DEPENDENCE)
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TABLE 23. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX OF STRONTIUM FLUORIDE (WAVELENGTH DEPENDENCE)

DATA REF. AUTHOR(S) YEAR METHOD WAUVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE» Lm K
1 S8 LIPSONsH.G. 1976 1 0.63-3.39 310 SINGLE CRYSTAL: DISC SPECIMENS 1.90CM DIAMETER, 1CM TO 2.50M
TSAY, Y.F. THICK: DN/DT DETERMINED FOR 3 SPECTRAL LINES BY OBSERVING
EENDOW, B THE INTERFERENCE FRINGE CHANGES AND THE CORRESPONDING
LIGOR,P.A. TEMPERATURE CHANGES: DATA EXTRQCTED FROM A TABLE?
UNCERTAINTY OF DN/DT ABOUT. 0.6%X10™ K"l
2 59 LIPSONsH.G. 1976 1 0.63-3.39 330 SIMILAR TO ABOUE BUT AT A HIGHER TEHPERQTURE OF 330K:
ET AL. UNCERTAINTY OF DN/DT 0.6X10-SK
3 58  LIPSON,H.G. 1976 I 0.63-3.38 350 SIMILAR TO ABOVE BUT AT A HIGHER TEMPERQTURE OF 350K:
ET AL. UNCERTAINTY OF DN/DT 0.5X10~6K~!
4 92 15A4YsY.F. 1977 I 0.32-3.33 310 SINGLE CRYSTAL: DISC SPECIMEN; 1.80CM DIAMETER, 1.27CM THICK:
LIPSON,H.G. DN/DT DETERMINED BY OBSERUING THE INTERFERENCE FRINGE
LIGOR,P.A, CHANGES AND THE CORRESPONDING TEMPERATURE CHANGES DATA

EXTRHETED FROH A FIGURE: UNCERTAINTY OF DN-DT ABOUT
1.0X1C78K"1

SAAITVH HLAV3I INITYNTVY 40 XIANI JAILDYAELIIN
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TABLE 24

A dn/dT

DATA SET 1
T = 310.0

0.6328 =-12.0
1.15 -12.7
3.33 -13.0

DFTA SET 2
T = 330.0

0.6328 -i2.6
1.15 -13.3
3.33 -13.3

DATA SET 3
T = 350.0

0,6328 ~-13.0
1.15 -13.8
3.38 -13.5

DPTA SET 4
T=3

0.385 -10.8
0.4416 -11.7
0.8328 -12.0
1.15 -12.8
3.39 -13.0

Y]

K
. EXPERIMENTAL TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX OF STRONTIUM FLUORIDE (WAUELENGTH DEPENDENCE)
[NAUELENGTHs A+ pms TEMPERATURE, T» Ki TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX. dn/dT> 16 6K '1

x

x

=



'REFRACTIVE INDEX OF ALKALINE EARTH HALIDES - 225

LE 25, *COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR SrF,

o Temperature Ranges . - ¢ . /00 Ainpmg pinemrto

logogm ‘nz‘-kz-;"erlﬁi4irp:~v"z B i RS
29K B i e R R A7

Riide Coa
o R AY DV v
W -v) 2y vy

k= L anp, vr

PP e el 0700 0.066A2
, §§§§2’1‘_’“:° pm B = 1.33973 + oy (0. 09566)7 v T 03 +

Fresent work

. 3,042

2?;1417_;91;‘:_ 4.00, 470, = 0.07; vy = 217 ont"t, vy= 318 omt™3 y; = 0,017, 7, = 0.25. -

J. Phys. Cheém. Ref. Rata, Vol. 9, No. 1,:1980
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3.3, Barium Fltio_ride, BaF;

‘Barjum fluoride is transparent.in a wide spectral range from
0.14 up t6 15. micrometers. The transmittance of a Bé;Fg plate
2.3 mm thick increases rapidly from a sharp cotoff at 0.1345
‘micrometer: to' 85 percent at 0.4 micrometer and continues at
.thiat level to about 10 micrometers, after which it falls"off rap-

+idly.The-observed transmittance at longer wavelengths varys.

with the thickness of the sample. Fora plate 10.mm thick, the
- trapsmittance.is 50 percent at 11.7.micrometers and 10 percent
-at 13;5 micrometers while 60 percent transmittance at 15 micro-
‘meters can be obtained for a 3.5 mm:plate. Because of its uni-
- form transparency in the spectral region.0.4:10 10 micrometers;
 barium fluoride is used for window and lens fabrication. As the
~laser technology advances, the need for optical material with
high optxcal figure of merit and adequate machanical properties
is increasing. Barium fluoride, having the required advantages,
is among, the serious candidates for window materials for the
spectral region between 2 to 6 micrometers.

Unlike calcium fluoride, which occurs naturally in large sizes
and of optical quality, barium fluoride crystal for optical appli-
cations is synthesized. As a result, early investigations of optical

. properties did not include barium fluoride. The earliest mea-
“surements of the refractive index were probably made by Wulff
[66) in 1928 and by Wulff and Heigl [62] in 1931, using the
‘immersion method for the mean of the sodium D lines. The

‘sample they used was in small fragments produced by chemical
réaction.

Synthetic barinm fluoride crystals of optical quality were suc-_

cessfully grown by Stockbarger during World War I1. In the
1950’ synthetic BaF: cryetale became available commercially
and found acceptance because of their favorable physical char-
acteristics-and broad transparent range. BaF; transmits further
into the infrared than does either CaFs or LiF. However, until
1963, the refractive index data of BaFs were reported only by
Houston et al. [47] for the spectral range 0.54-to.1.85 micro-
meters. Data on the refractive index over a wide spectral range
vere reported by Malitson [67] in 1964, for the region from 0.26
ip to 10.4-micrometers, and have served as the reference data
ince then. As a matter of fact, Malitson’s data are the only
vailable set that cover most of the transparent region and is
eliable enough to be the basis of data analysis. -
Kaiseret al. [17}investigated the reflection spectrum of BaF
n the reststrahlen region from 1010 80 micrometers. Refractive
nd abserption indices were dedueed from the analysis of the
cflection spoctrum by Lorentz oscillator theory. The strong res
mance at 54.3 micrometers was indentified as the optically ac-
ive TO resonance. A second resonance about one order of mag-
aitude weaker than the main resonance is at 36 micrometers.

“The origin of the weaker absorption was unknown, and Kaiser v

- proposed the possibility of a two-phonon combination band in-
volving-the TO mode. However, this weak absorption does not
appear in Lowndes’ work [15], in which the reflection spectrum
was reduced by Kramers-Kronig analysis: Instead of the weak
resonance at 36 micrometers, Lowndes obtained a weak absorp-
tion at 29.07 micrometers, which was identified as the longitu-
dinal optical resonance, LO mode. Since Lowndes may have
used a purer sample than that used by Kaiser, it is likely that the
weak absorption at 36 micrometers is due to xmpunhes in Kai-

‘ser’s sample

1. Phiys. Chem. Re. Datd, Vol. 9, No. 1, 1980

" spectrum in the energy range 8-35¢V and disclosed the co

An the vacunm nltravmlet regmn, F abr ”"et al! [49] ing
gated ‘the spectral: region_from 0:1 10°0; ni
Kamers-Kronig analysis of the refléction spéctrum, and fo
strong absorption-peak at'0.122 micrometer, the lower li
the transparency of Ban Nisar et al. [25} studied the refle ’,

cation of absorption beyond the lower transparent limit. Sin
- observations were carried out by Gamn etal. [53] ‘and Rul
[241.

Frdm the brief review of available data, it.is clear that M
son’s data are the only choice for the basis of data analysm ;
problem is to find ‘appropriate: input parameters for the §
persion equation. Malitsoni determined refractive indices for
spectral lines, and the values were mathematlcally fitted'y
Sellmeier ‘dispersion equation as 'given ‘i ‘table 35, why
dispersinn sqnatinna. proposed hy athers are also listed:
comparisons.

“The high frequency dielectnc constant. indicatéd by Mal
son’s dispersion equation is 2.15, in good agreement with th
from other sources. However, the static dielectric constant ¢
culated from his dispersion equation is 5.976, which’is substa
tially lower than the experimental valué, 7.36. This large: dlffi
ence can be'ascribed to the low value of the infrared vesons
wavelength used in his. equation. The resonant waveleng
resulting from his best fit is 46.39 micrometers, while the ¢
cepted -value derived from the infrared:reflection spectrum.
Lowndes {15] is 53.33 micrometers. In ;he transparent regio

“the contribittion to-the refractive index from the infrared term

negative. For a given set of refractive index data, the coefficier
which in turn is connected to the static dielectric constar
depends on the resonant wavelength in the term: the langer tl

_wavelength, the higher the coefficierit. Itis therefore possible

‘obtain a proper combination of thesé two parameters.to yield
good fit to the experimental data, but with each parameéterin 1}
term having appropriate physical meaning. To thls end, prop
selection of input parameters is: éssential.

‘As in the case of CaF3, the Sellmeier formula for BaFa: coy

sists'of a constant, a term giving the UV contnb\mon and tw
. terms giving the infrared contribution. The values of the cor
- stant, the coefficient of the UV term and the correspondmg €

fective wavelength of the UV absorption band-can be dete;

mined by data fitting. However, the coefficient and ahsorpno

band wavelength for each of the infrared terms cannot be dete;

. mined in such a way; one must know one.or the other of: th

parameters because the dispersion. of available data values ¢
long wavclengths is not high enough for a'unigue determinatio
of both parameters, It is fortunate that the wavelengths of th
absorption bands are available and well determined. From tabl
6, the average room-temperature wavelengtbs of TO and 1A
optical phonons are; respectively, 53.82 and 29.87 microm
eters. The result of a least squares calculation is the dispersios
equation for BaF2 at 293 K in the transparent region, 0.15-1:

micrometers,
: ’ 0.81070 A%
2= 133973 4 s
" A2 — 0.10065°

0.19652 A2

A% — 29.877
4.52469 X%’

A2 — 53.822°
where X is in micrometers.

@



Fordu/a:

refractive’index:.

'Vavelength range
“mierométers £y

'j’--"'?o;~1‘5j—"0’.j2”(‘)‘{{
0:20-0.30
10.30-0.40
-0.40-10.0
10:0-12.0:
'12:0-15.0°

0.15-0.20
£0.20-0.30
10:30-1.00
1.00=6.00
+6.00-10.0°
10.0-15.0

Estlmated
uncertamty, .

0.001-
0:0005
200003 .
.0.0001 -
10:0003
-0.001. :

- 3.0
2.0
1.0
05

R M
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TABLE 26. RECOMMENDED UALUES ON THE REFRACTIVE INDEX ANB ITS WAVELENGTH AND
TEMPERATURE DERIVATIUES FOR BARIUM FLUORIDE AT 293K*

0861 ‘L "ON ‘6 ‘I9A ‘0i0Q ‘39Y "Wey) ‘sAyd ¢

A —dn_/_d)\ dr_l/dI A n —dn_/_d>\ dI_l/dI A n —dn_/_d)\ dt_l/dI
um o ym ' 10 °x’! um ym * 10 fg ! ym ym ' 10 °g !

0.150 1.6778 4.7€95 ~-0.8 0.220 1.5378 (.8024 -12.4 0.290 1.5037 0.28398 -14.1
0.152 1.6683 4.4456 -1.8 0.222 1.5362 C(.7744 ~12.5 0.292 1.503! 0.2828 -14.1
0.154 1.8587 4.1c87 -2.7 0.224 1.5347 (.7477 -12.8 0.294 1.5026 0.2763 -14.1
0.156 1.6518 3.8437  -3.5 0.226 1.5332 (.7223 =-12.6 0.296 1.5020 0.2693 -14.2
0.158 1.8444 3.5864 -4.3 d.228 1.5318 0(0.6880 =~-12.7 0.298 1.5015 0.2636 -14.2
0.160 1.8374 3.3535 -4.3 0.230 1.5304 0.6748 -1i2.8 0.300 1.5010 0.2576 -14.2
0.162 1.8303 3.1418 -5.5 0.232 1.5291 (.B528 =~12.8 0.305 1.4997 0.2434 -14.3
0.164 1.6248 2.9491 -6.1 0.234 1.5278 0.6318 -12.8 0.310 1.4986 0.2302 -14.3
0.166 1.6181 2.7730 -6.6 0.236 1.5266 0.6117 =13.0 0.315 1.4974 0.2180 -14.4
0.168 1.8137 2.6117 ~7.1 0.238 1.5254 (0.5925 -~-13.1 0.320 1.4964 0.2066 -14.4
0.170 1.6087 2.4E36 ~7.5 0.240 1.5242 0.5741 -13.1 0.325 1.4954 0.1961 -14.4
0.172 1.6033 2.3274 -7.9 0.242 1.5231 (0.5565 =-13.2 0.330 1.4944 0.1862 -14.5
0.174 1.5993 2.2017 -8.2 0.244 1.5220 0.53%6 =~13.2 0.335 1.4935 0.1771 -14.5
0.176 1.5351 2.0855 ~-8.8 0.246 1.5208 0.5235 -13.3 0.340 1.4926 0.1685 -14.B
0.178 1.5910 1.9780 -8.3 0.248 1.5198 0.5080 -13.3 0.345 1.4918 0.1605 -14.6
0.180 1.5871 1.8782 ~9.2 0.250 1.5183 0.4931 =-13.4 0.350 1.4910 0.1530 -1i4.6
0.182 1.5835 1.7€55 -3.4 0.252 1.5178 0.4783 ~13.4 0.355 1.4903 0.1460 -14.7
0.184 1.5800 1.6992 -9.7 0.254 1.5170 0.4652 -13.5 0.360 1.4896 0.1334 -14.7
0.186 1.5767 1.8187 -9.9 0.256 1.5160 0.4520 =-13.5 0.365 1.4889 0.1333 -14.7
0.188 1.5735 1.5436 -10.1 0.258 1.5152 0.4394 -13.6 0.370 1.4882 0.1274 -14.7
0.190 1.5705 1.4734 -10.4 0.260 1.5143 0.4272 -13.8 0.375 1.4876 0.1220 -14.8
0.182 1.5676 1.40768 -10.5 0.262 1.5134 (0.4155 ~13.8 0.380 1.4870 0.1168 -14.8
0.184 11,5643 1.3458 -10.7 0.264 1.5126 0.4042 =-13.7 0.385 1.4864 0.1120 -14.8
0.196 1.5822 1.2880 -10.§ 0.266 1.5118 0.3934 ~13.7 0.390 1.4859 0.1074 -14.8
0.198 1.5597 1.2336 -1i.1 0.268 1.5111 0.3830 -13.8 0.395 1.4854 0.1030 -14.8
0.200 1.5573 1.1823 -1i.2 0.270 1.5103 0.3729 -13.8 0.400 1.4849 0.0983 -14.8
0.202 11,5550 1.1341 -11.4 0.272 1.5086 0.3632 =~13.8 0.410 1.4833 0.0814 -14.8
0.204 1.5528 1.0886 -11.3 0.274 1.5088 0.3533 -13.8 0.420 1.4830 0.0846 -14.3
0.206 1.5506 1.0456 -11.8 0.276 1.508f 0.3448 =~13.3 0.430 1.4822 0.0785 -15.0
0.208 11,5486 1.0050 -11.8 0.278 1.5075 0.3361 =13.9 0.440 1.4815 0.0728 -15.0
0.210 1.5466 0.8665 -11.8 0.280 1.5088 0.3277 =-14.0 0.450 1.4808 0.0679 -15.0
0.212 1.5447 0.9302 -12.0 0.282 1.5062 0.3186 =~14.0 0.460 1.4801 0.0634 -15.0
0.214 11,5428 0.8%57 -12.}1 0.284 1.5055 0.3118 =14.0 0.470 1.4795 0.0592 -15.1
0.216 1.5411 0.8630 -12.2 0.286 1.5043 0.3042 -~14.0 0.480 1.4783 0.0555 =-15.1

-12.3 0.288 1.5043 10,2963 -~14.1 0.490 1.4784 0.0520 -15.1

0.218 1.5394 0.8319
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TABLE 26. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR BARIUM FLUORIDE AT 293K (CONTINUED)*
A -dn/dX dn/dT A n —dn_/_d}\ dr_l/dz A -dn[_d)\ dn/dT
ym um 110 6k ! um um 110 6t um ym ! 10 °x !
0.500 1.4779 0.0488 —15;1 1.250 1.4672 0.0044 ~15.5 3.000 1.4812 0.0039 -15.5
0.510 1.4774 10,0458 -15.1 1.300 1.4670 0.0041 -15.5 3.050 1.4610 0.0033 -15.5
0.520 1.4769 0.0433 -15.2 1.350 1.4668 0.0038 =15.5 3.100 1.4608 0.0040 =-15.5
0.530 1.4765 0.0408 -15.2 1.400 1.4666 0.0037 -15.5 3.150 1.4606 0.0040 -15.5
0.540 1.4761 0.0385 -15.2 1.450 1.4664 0.0036 -15.5 3.200 1.4604 0,0041 -15.5
0.550 1.4758 0.0364 -15.2. 1.500 1.4663 0.0035 -15.5 3.250 1.4602 0.0041 -15.5
0.560 1.4754 0.0345 -15.2 1.550 1.4661 0.0034 -15.5 3.300 1.4600 0.0042 =-15.5
“0.570 1.4751 0.0327 -15.2 1.600 1.4658 0.0033 -15.5 3.350 1.45398 0.0042 -15.5
0.380 1.4747 0.0310 -15.2 1.650 1.4658 0.0032 =15.5 3.400 1.4596 0.0043 -15.5
0.580 1.4744 0.0294 -15.2 "1.700 1.4656 0.0032 -15.5 - 3.450 1.4593 0.0044 -15.5
0.500 1.4742 0.0280 —15:3 1.750 1.4654 0.0031 =-15.5 3.500 1.4581 0.0044 -15.5
0.520 1.4736 0.0254 -15.3 1.800 1.4653 0.0031 -15.5 3.550 1.4589 0.0045 -15.5
0.540 1.4731 0.0231 -15.3 1.850 1.4651 0.0031 -15.5 3.600 1.4587 0.0045 -15.5
0.360 1.4727 0.0211 =-15.3 1.900 1.4850 0.0031 -15.5 3.650 1.4584 0.0046 -15.5
0.580 1.4723 0.0193 -15.3 1.950 1.4848 0.0031 -15.5 3.700 1.4582 0.0046. -15.5
0.700 1.4719 0.0178 -15:5 2.000 1.4647 0.0031 -15.,5 3.750 1.4580 0.0047 -15.5
0.720 1.4716 0.0164 =-15.3 2.050 1.4645 0.0031 -15.5 3.800 1.4577 0.0048 -=15.5
0.740 1.4713 0.0152 =15.3 2.100 1.4643 0.0031 -15.5 3.850 1.4575 0.0048 -15.4
0.760 1.4710 0.0141 -15.4 2.150 1.4642 0.003f -15.5 3.900 1.4572 0.0048 -15.4
0.780 1.4707 0.0131 -15.4. 2.200 1.4640 0.0032 -15.5 3.950 1.4570 0.0049 -15.4
0.300 1.4704 0.0122 -15;5 2.250 1.4633 0.0032 -15.5 4,000 1.4567 0.0050 -15.4
0.320 1.4702 0.0114 -15.4 2.300 1.4637 0.0032 -15.5- 4,050 1.4565 0,0051 -15.4
0.340 1.4700 0.0107 -15.4. 2.350 1.4835 0.0033 -15.5 4.100 1.4562 0.0051 -15.4
0.360 1.4698 0.0100 -15.4 2.400 1.4634 0.0033 -15.5 4,150 1.4560 0.0052 -15.4
0.380 1.4686 0.0034 -15.4 2.450 1.4832 0.0033 -15.5 4,200 1.4557 0.0053 -15.4
0.300 1.4694 0.0083 -15;@ 2.500 1.4830 0.0034 -15.5 4,250 1.4554 0.0053 -15.4
0.320 1.4692 0.0084 -15.4 2.550 1.4629 0,0034 -15.5 4,300 1.4552 0.0054 -15.4
0.340 1.4691 0.0080 -15.4 2.600 1.4627 0.0035 -15.5 4.350 1.4543 0.0054 -15.4
0.350 1.4683 0.0076 -15.4 2.650 1.4625 0.0035 -15.5 4.400 1.4546 0.0055 -15.4
0.380 1.4688 0.0072 -15.9 2.700 1.46823 0.0038 -15.5 4,450 1.4543 0.0056 -15.4
1.000 1.4686 0.0069 -15.4 2.750 1.4621 0.0036 -15.5 4,500 1.4541 0.0056 -15.4
1.050 1.4683 0.0062 =-15.4 2.800 1.4620 0.0036 -15.5 4,550 1.4538 0.0057 -15.4
1.100 1.4680 0.0056 -15.4 2.850 1.4618 0.0037 =-15.5 4,600 1.4535 0.0058 -15.4
1,150 1.4677 0.0051 -15.4 2.900  1.461i6 0.0037 -15.5 4,650 1.4532 0.0058 =-15.4
1.200 1.4675 0.0047 -15.5 2.950 1.4614 0.0038 =-15.5 4,700 1.4529 0.0059 -15.4

SIAAITVYH HINVYI INITYNTIV 40 XIANI JAILDVIITY
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TABLE 26. RECOMMENDED UALUES ON THE REFRACTIVE INDEX AND ITS WAUELENGTH AND
TEMPERATURE DERIVATIUES FOR BARIUM FLUORIDE AT 293K (CONTINUED) *

X -dn/dA dn/dT by ~-dn/d)x da/dT A -dn/dA  dn/dT
~1 "6 1 . n 1 61 n 1 "6y 1

um um 10 °K Jm um 10 °K um Um 10 °K
4,750 1.4526 0.0060 -15.4 7.200 1.4338 0.0093 ~15.1 8.900 1.4027 0.0137 -14.4
4,800 1.4523 0.0060 -15.4 7.300 1.4328 0.0095 -15.1 10.000 1.4014 0,0133 -14.4
4,850 1.4520 0.0061 -15.4 7.400 1.4318 0.0096 ~15.1 10.200 1.33985 0.0143 -14.3
4.300 1.4517 0.0061 -15.4 7.500 1.4308 0.0098 ~1i5.1 10.400 1.3956 0.0146 -14.8
4.950 1.4514 0.0062 -15.4 7.600 1.4300 0.0088 -15.1 10.600 1.3926 0.0150 -l1l4.1
5.000 1.4511 0.0063 -1S.4 7.700 1.4290 0.0101 -15.1 10,800 1.3896 0.0154 -14.0
5.100 1.4504 - 0.0064 -15.4 7.800 1.4273 0.0103 -15.0 11.000 1.3865 0.0158 -13.3
5.200 1.4488 0.0065 -15.4 7,800 1.4268 0.0104 -15.0 11.200 1.3833 0.0162 -13.8
5.300 1.4481 0.0067 -15.4 8.000 1.4258 0.0106 -15.0 11.400 1.3800 0.0166 =-13.7
5.400 1.4484 0.0068 -15.4 8.100 1.4248 0.0107 -15.0 11.600 1.3766 0.0170 -13.6
5.500 1.4477 0.0069 -15.4 8.200 1.4237 0.0108 ~-15.0 11.800 1.3731 0.0174 =13.4
5.600 1.4470 0.0071 -15.3 8.300 1.4226 0.0110 -14.3 12.000 1.3685 0.0173 -13.3
5.700 1.4463 0.0072 =-15.3 8.400 1.421S 0.01l2 -14.8 12.200 1.3660 0.0183 =-13.2
5.800 1.4456 0.0074 =-15.3 8.500 1.4203 0.01i4 -14.3 12.400 1.3623 0.0187 =-13.0
5.900 1.4448 0.0075 -15.3 8.600 1.4192 0.0115 ~14.9 12.600 1.3585 0.0192 -i2.8
6.000 1.4441 0.0076 -15.3 8.700 1.4180 0.01i7v ~i4.8 12.800 1.3546 0.0187 ~12.7
6.100 1.4433 0.0078 -15.3 8.800 1.4168 0.011i8 -14.8 13.000 1.3506 0.0201 -12.5
5.200 1.4425 0.0079 -15.3 8.900 1.4156 0.0120 =-14.8 13.200 1.3465 0.0206 -12.3
5.300 1.4417 10,0080 -1i5.3 9.000 1.4144 0.0122 -14.7 13.400 1.3423 0.0211 =-l1a.l
5.400 1.4408 0.0082 -15.3 S.100 1.4132 0.0i23 -14.7 13.800 1.3380 0.0216 -11.8
6.500 1.4401f 0.0083 -15.2 9.200 1.4120 0.0125 -i4.7 13.800 1.3336 0.0222 -11.B
6.800 1.43%2 0.0085 ~-15.2 9.300 1.4107 0.0127 =-i4.7 14.000 1.3292 0.0227 =-11.4
6.700 1.4383 0.0086 -15.2 8.400 1.4094 0.0128 -14.6 14,200 1.3245 0.0232 =-1l.1
5.800 1.4375 0.0088 -15.2 9.500 1.4081 0.0130 -14.8 14.400 1.31898 0.0238 -10.8
5.900 1.4366 0.00838 -15.2 9.600 1.4068 0.0132 -14.5 14,600 1.3150 0.0244 -10.6
7.000 1.4357 0.0081 -15.2 9.700 1.4055 0.0134 -14.5 14.800 1.3101 0.0250 -10.3
7.100 1.4348 0.0092 -15.2 9.800 1.4041 0.0136 -14.5 15.000 1.3050 0.0256 -10.0

* IN THIS TABLE MORE DECIMAL PLACES ARE REPORTED THAN WARRANTED MERELY FOR THE PURPOSE OF TABULAR
SMOOTHNESS AND INTERNAL COMPARISON. FOR UNCERTAINTIES OF TABULATED UALUES IN UARIOUS WAVELENGTH

RANGES,

SEE THE TEXT OF SUBSECTION 3.3. THE NUMBER OF DIGITS WITH AN OUERSTRIKE IS NOT RELAVENT

70 THE ACCURACY OF THE UALUES.

0eT

M'H'H



0861 ‘L "ON ‘6 'I°A 'pinq “joy "wey) shyg °r

REFRACTIVE INDEX. n

2.5 T T T T T ¥ T T LI S B T | B T T T T T
i 5o |
2.3 S 0% o ]
L o o ©% : CURVE SYMBOL i
LI Y u
2.1 o o 6 o -
o X 8 A
S
B ° % 4 10 + 7
» »o X
1.9} ° ﬁx 11 X |
o 8 % 12 o
- o o Ky 13 ES -
é‘ X m
1.7 _
1.5 —
L N
&
1.3~ o _
& o Recommended
- m i
g0 i
— b —
1.1 % et
- » i
0.9}~ —
% :
|- 2, -
F s
0.7 —
'S [}
0.5 | 1 1 I I | l 1 i | ] L1 1.1 l i | _ | I | I | I [l 1 i 1 | |
10 3 4 56789107 2 3 4 56789100 > 3 4 5678910" 2 3 4 5678910
WAVELENGTH, MICROMETER
FIGURE 16. REFRACTIVE INDEX OF BARIUM FLUORIDE (WRVELENGTH DEPENDENCE)

2

SIAITVH HLAVI INITYATV 40 XIANI JAILD VYA

LET



232 H. H. U

[~ |
3 - N
2 .ﬁ
4]
lg b -
8 [ .
7 + _
6 I o
5 _
4 - .
3 r o
e I .
T
s
B
s g _
25t ]
= g L i
< 5 Fk |
5, I
£ i
T 1
2 r -
..2 |
i :
7 [ i
5 r .
5 F .
L|> - -]
3 .
5 Recommended
10—3 ! ) 1 T EE | ¢ ' N S R TR R
107! 2 3 4 5 578910° 2 3 04 5 6 oruln! 0
WRVELENGTH, MICROMETER
FIGURE 17. WRAVELENGTH DERIVATIVE OF REFRACTIVE INNDIX 0F LiliiiM T'LUGRIDE.

J. Phys. Chem. Ref. Datg, Vol. 9, No. 1, 1980



0861 ‘L "ON ‘6 "[oA ‘Di0Q "oy ‘wayy “shyd ¢

TABLE 27. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF BARIUM FLUORIDE (WAUELENGTH DEPENDENCE)

DATA REF. AUTHOR(S) YEAR METHOD HAUELENGTH TEMP, SPECIFICATIONS AND REMARKS
SET NO. NNQ. USED RANGE, Um K
1 61 THILOsF. 1827 M 0.589 233 SINGLE CRYSTAL; REFRACTIVE INDEX DETERMINED BY IMMERSION
METHOD FOR THE MEAN OF SODIUM D LINES: DATA EXTRACTED FROM
A TABLE; TEMPERATURE NOT GIVEN, 293K ASSUMED.
2 66 HULFF,P, 1828 M 0.589 298 CRYSTAL OF UNSPECIFIED TYPE; REFRACTIVE INDEX DETERMINED BY
IMMERSION METHOD FOR THE MEAN OF SODIUM D LINES: DATA
EXTRACTED FROM A TABLE; UNCERTAINTY OF INDEX 0.00010.
3 62 WULFF,P, 1831 M 0.588 2388 SINGLE CRYSTAL: 1-2 MM FRAGMENTSs OBTAINED FROM COOLING THE
HEIGL»A. MELT: REFRACTIVE INDEX DETERMINED BY IMMERSION METHOD FOR
THE MEAN OF SODIUM D LINES; DATAR EXTRACTED FROM A TABLE:
UNCERTAINTY OF INDEX 0.0002.
4 17 KAISERs H, 1gee R 10.0-80.0 300 SINGLE CRYSTAL: PLATE SPECINEN: 0,1-5.0MM THICK: HIGHLY
SPITZER,U.G. POLISHED SURFACES: NEAR NORMAL INCIDENT REFLECTION SPECTRUM
KAISER,R.H. OBTAINED: REFRACTIVE INDEX DEDUCED FROM REFLECTION SPECTRUM
HOWARTHsL.E. WITH LORENTZ THEORY: DATA EXTRACTED FROM A SMOOTH CURVE:
LORENTZ DAMPED-OSCILLATOR DISPERSION EQUATION ALST GIVEN.
S 47 HOUSTON»T. H. 1963 D 0.54-1.85 83 SINGLE CRYSTAL: HIGH PURITY; PRISMATIC SPECIMEN: POLISHED
JOHNSONSL.F. SURFACES FLAT TO L/2 WAVELENGTH OF 0.535 MICROMETER LINE:
KISLIUK,P. REFRACTIVE INDEX DETERMINED BY MINIMUM DEVIATION METHOD FOR
WALSH, D.J. 7 SPECTRAL LINES; DATA EXTRACTED FROM A TABLE.
e 47 gOUSTONsT.N. 18963 D 0.54~1.85 298 SIMILAR TO ABOUE BUT AT A HIGHER TEMPERATURE OF 2S8BK.
T AL.
7 B7 MALITSONs I.H. 1964 D 0.40-0.77 288 SYNTHETIC CRYSTAL: GROHN AT MIT BY D. C. STOCKBARGER:
FRISMATIC SPECIMEN: REFRACTIVE INDEX DETERMINED BY
IEVIATION METHOD FOR 9 SPECTRAL LINES: DATA EXTRACTED FROM
A TABLE:; ESTIMATED UNCERTAINTY ABOUT 0.0000033 THIS DATA
SET WAS MEASURED AT NBS IN 1844,
8 67 MALITSON, I.H. 1964 D 0.40-0.77 308 SINILAR TO ABOVE BUT AT A HIGHER TEMPERATURE OF 308K.
8 67 MALITSON, I.H. 1964 0.40-0.77 328 SINILAR TO ABOUE BUT AT A HIGHER TEMPERATURE OF 328K.
10 14 MALITSON, I.H. 1964 D 0.26-10.4 298 SYNTHETIC CRYSTAL: DBTAINED FROM THE HARSHAW CHEMICAL CO.:

PRISMATIC SPECIMEN: NEAR 51 DEGREE APEX ANGLE., 1BMMX18MM
VIEW SURFACE: REFRACTIUVE INDEX DETERMINED BY MINIHUM
BEVIATION METHOD FOR 46 SPECTRAL LINES: DATA EXTRACTED FROM
f TABLE; A SELLMEIRE TYPE DISPERSION EQUARTION BEST FIT THE
DATA ALSO GIVEN.
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TABLE 27. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF BARIUM FLUORIDE (WAUELENGTH DEPENDENCE) (CONTINUED)

XA

DATA REF, RUTHOR(S) YEAR METHOD .NRUELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE» Um K
11 43 FABRE, D. 1964 R 0.10-0.17 293 THIN FILM SPECIMEN OF UARYING THICKNESS: UACUUM DEPOSITED:
ROMAND, J. ) REFRACTIVE INDEX DETERMINED BY REFLECTANCE OF UARYING
UODARs B. THICKNESS; DATA EXTRACTED FROM A FIGURE: TEMPERATURE NOT
GIVEN, 293K ASSUMED.
12 25 NISARs M. 1974 R 0.03-0.138 233 SINGLE CRYSTAL: OBTAINED FROM THE HARSHAW CHEMICAL CO.:
ROBIN, S. SPECIMEN CLEAUED IN UACUUM; 20 DEGREE INCIDENT REFLECTION

SPECTRUM OBTAINED; REFRACTIVE INDEX DEDUCED FROM REFLECTION
SPECTRUM HITH KRAMERS-KRONIG RELATION: DATA EXTRACTED FROM
A FIGURE: TEMPERATURE NOT GIVEN, 293K ASSUMED.

13 53 GANIN,U.» SIDORIN»U. 1975 R 0.06-0.25 300 SINGLE CRYSTAL; FRESHLY CLEAUED SPECIMEN; NEAR NORMAL
KARIN, M.» SIDORIN» K. REFLECTION SPECTRUM OBTAINED: REFRACTIVE INDEX DEDUCED FROM
STAROSTINsN.» REFLECTION SPECTRUM WITH KRAMERS-KRONIG RELATION: DATA

STARTSEWG. EXTRACTED FROM A FIGURE.

N'H'H
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TABLE 28. EXPERIMENTAL REFRACTIVE INDEX OF BARIUM FLUORIDE (WAUELENGTH DEPENDENCE)
[HAVELENGTH» »» ums TEMPERATURE, T» K$ REFRACTIVE INDEX, nl

A n A n A n A n A n A n
DR;H 55;31 DATA SET 4(CONT.) Dﬁ;ﬂ Sg; SU -DATA SET S(CONT.) DATA SET 10(CONT.: DATA SET 11(CONT.)
= .0 = 8. :
53.6 5.33 . 0.486132 1.477628 2.1526 1.46410 0.1430 1.84
0.589 1.475 53.8 6.01 0,5461 1.4760 0.546074 1.474851 2.32542 1.46356 0.1489 1.78
53.8 6.80 0.58390 1.4745 0.5839262 1.47351S 2.,5766 1.48262 0.1562 1.76
DATA SET 2 54.0 8.25 0.7665 1.4708 0.656279 1.471830 2.6738 1.46234 0.1625 l.72
T = 298.0 54.2 9,78 0.8195 1,4701 0.667814 1.471586 3.2434 1.46018 0.1684 1.7%
S54.4 10.52 1.0140 1.46396 0.708518 1.470863 3.422 1.45840
0.5839 1.47410 54.5 11.29 1.5166 1,4684 0.767858 1.469920 5.138 1.45012 DATA SET 12
54.7 i2.23 1.8458 1.4684 5.3034 1.44304 T = 293.0
DATA SET 3 55.0 11.63 DATA SET 10 5.343 1.44878
T = 298.0 55.2 10.91 DATA SET 7 T = 288.0 5.543 1.44732 0.0376 1.15
55.5 10.20 T = 288.0 5.238 1.44216 0.0379 1.186
0.589 1.47410 55.7 9.52 0.2652 1.51217 6.6331 1.43888 0.0380 1.16
55.8 8.78 0.404656 1.484054 0.28035 1.50668 6.8559 1.436%4 0.0382 1.15
DATA SET 4 55.3 8.03 0.435834 1.4814186 0.28936 1.50380 7.0442 1.43523 0.0385 1,13
T = 300.0 58.6 7.31 0.486132 1.478234 0.296728 1.50186 7.268 1.43314 0.0388 l1.14°
57.3 5.68 0.546074 1.475559 0.30215 1.50044 9.724 1.40514 0.0332 1.15
10,0 1.42 58.2 5.94 0.589262 1.474124 0.3130 1.43782 10.346 1.39636 0.0386 1.13
13.8 1.38 53.1 5.53 0.656279 1.472433 0.32546 1.48521 0.0386 1.15
17.8 1.29 60.0 5.08 0.667814 1.472186 0.334148 1.493B63 DATA SET 11 0.0401 1.13
20.0 1.18 6i.7 4,73 0.706518 1.471474 0.340365 1.49257 T = 293.0 0.0406 1.10
e2.7 1.08 B63.1 4,41 0.767858 1.470538 0.34662 1.49158 0.0407 1.10
24.2 1.03 65.3 4,09 0.361051 1.48338 0.1015 1,98 0.0413 1.08
26.2 0.88 B7.2 3.93 DATA SET 8 0.366328 1.48863 0.1042 1.95 0.0416 1.08
28.3 0.65 63.9 3.69 T = 308.)0 0.404656 1.48438 0.1068 1.88 0.0420 1.08
30.0 0.41 73.8 3.55 0.435835 1.48173 0.1085 1.81 0.0424 1.08
31.3 0.16 7.3  3.41 0.404856 1.483753 0.486133 1.47855 8.1123 1.72 0.0430 1.05
33.8 0.16 80.0 3.32 0.435834 1.481116 0.546074 1.47586 0.1136 1.69 0.0433 {.02
37.6 0.186 0.486132 1.477930 0.5838262 1.47443 0.1144 1.68 0.0438 1.03
40.0 0.11 DATA SET 5 0.546074 1.475255 0.643847 1.47302 0.1162 1.72 0.0441 1.07
43.8 0.09 T = 83.0 0.583262 1.473820 0.656278 1.47274 0.1188 1.80 0.0448 1.11
46.0 0.08 0.6562878 1.472135 0.706519 1.47177 0.1211 1.91 0.0447 1.12
48.0 0.24 0.5461 1.4787 0.667814 1.471832 0.85211 1.4683884 0.1240 2.10 0.0454 1.10
50.0 0.45 0.5830 1.4775 0.706518 1.471167 0.89435 1.463842 0.1258 2.25 0.0458 1.086
51.4 0.84 0. 7665 1.4738 0.767858 1.470230 1.01398 1.46847 0.1263 2.27 0.0460 1.06
52.2 1.21 0.8195 1.4735 1.12866 1.46779 0.1270 2.28 0.0464 1.07
52.8 1.78 1.0140 1.4722 DATA SET S 1.36728 1.46673 0.1281 2.24 0.0471 1.07
53.1 2.30 1.5168 1.4711 T = 328.9 1.52852 1.46613 0.1302 2.12 0.0476 1.086
53.3 3.07 1.8459 1.4711 1.681 1.46561 0.1321 2.05 0.0484 1.16
53.4 3.78 0.404656 1.483452 1.7012 1.46554 0.1353 1.95 0.0434 1.25
53.5 4,51 0.435834 1.4808186 1.87009 1.46472 0.1378 1.80 0.0486 1.28
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TABLE 28. EXPERIMENTAL REFRACTIUVE INDEX OF BARIUM FLUORIDE (MAUELENGTH DEPENDENCE) (CONTINUED)
[WAVELENGTHs A» ums TEMPERATUREs T, K3 REFRACTIVE INDEX, nl

9eT
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A n A n A n . A n
DATA SET 12(TONT.) DATA SET 12(CONT.) DATA SET 12(CONT.> DATA SET 13(CONT.)
0.0500 1.38 0.0677 1.47 0.1068 2.08 0.0387 1.79
0.0502 1.45 0.0881 1.65 0.1087 1.99 0.1038 1.98
0.0504 1.48 0.0685 1.62 0.1097 1.95 0.1066 1.87
0.0510 1.48 0.0682 1.45 0.1117 1.91 0.1122 1.72
0.0514 1.51 0.0700 1.34 0.1127 1.83 0.1185 1.75
0.0516 1.54 0.0704 1.33 0.1148 1.88 0.1218 2.81
0.0521 1.52 0.0712 1.37 0.1169 1.90 0.1235 2.89
0.0525 1.58 0.0716 1.44 0.1192 1.95 0.12486 2.70
0.0529 1.64 0.0720 1.50 0.1215 2.10 0.1287 2.21
0.0534 1.68 0.0733 l.71 0.1227 2.32 0.1305 1.99
0.0533 1.70 0.0738 2.05 0.1240 2.50 0.1376 1.78
0.0541 1.70 0.0742 2.30 0.1252 2.48 0.1480 1.68
0.0548 1.67 0.0746 2.33 0.1278 2.43 0.1677 1.58
0.0551 1.64 0.0751 2.18 0.1291 2.31 0.1913 1.52
0.0556 1.67 0.0756 1.88 0.1318 2.19 0.2190 1.52
0.0561 1.67 0.0760 1.81 0.1377 2.00 0.2561 1.47
0.0568 1.90 0.0775 1.64 0.3679 1.43
0.0578 2.16 0.0789 1.50 DATA SET 13 0.5486 1.46
0.0573 2.18 0.0800 1.48 T = 300.0
0.0582 2.15 0.0815 1.50
0.0530 2.02 0.0843 1.56 0.0592 0.79
0.05398 1.81 0.0855 1.60 0.0610 0.64
0.0604 1.73 0.0861 1.62 0.0625 0.76
0.0610 1.88 0.0873 1.74 0.0641 0.78
0.06186 1.64 0.0885 1.85 0.0656 0.87
0.0620 1.60 0.0892 1.87 0.0676 0.85
0.0626 1.53 0.0898 1.85 0.0631 0.87
0.0628 1.47 0.0811 1.73 0.0708 0.76
0.0632 1.51 0,03825 1.65 0.0717 0.83
0.06339 1.64 0.0832 1.65 0.0726 1.11
0.0642 1.98 0.0838 1.67 0.0747 1.11
0.0645 2.10 0.0853 1.66 0.0775 1.07
0.0643 2.07 0.0861 1.77 0.0785 1.02
0.0652 1.88 0,0876 2.10 0.0822 1.02
0.0656 1.94 0.09382 2.41 0.0848 1.07
0.0659 1.80 0.1000 2.47 0.0864 1.26
0.0663 1.81 0.1008 2.45 0.0903 1.41
0.0666 1.85 0.1016 2.43 0.0935 1.24
0.0670 1.63 0.1042 2.29 0.0856 1.09
0.0673 1.43 0.1059 2.20 0.0976 1.32
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FIGURE 18. RE-RACTIVE INDEX OF BARIUM FLUORIDE (TEMPERATURE DEPENDENCE).
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TABLE 29. MEASUREMENT I[NFORMATION ON THE REFRACTIVE INDEX OF BARIUM FLUORIDE (TEMPERATURE DEPENDENCE)

DATAR REF. AUTHOR(S) YEAR METHOD WAUVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE» Lim K
1 47 HOUSTONR, T. W, 1863 D 0.5451 73~250 SINGLE CRYSTAL: HIGH PURITY: PRISMATIC SPECIMEN: POLISHED
JOHNSONs L, F. SURFACES FLAT TO 1/2 WAVELENGTH OF 0.535 MICROMETER LINE:
KISLIUK,P. REFRACTIVE INDEX DETERMINED BY MINIMUM DEVIATION METHOD FOR
HALSH. D.d. ;HE SPECTRAL LINE 0.5481 MICROMETERS: DATA EXTRACTED FROM A
ABLE.

2 47 HOUSTON, T.UW. 1963 D 1.0140 74-250 SIMILAR TO ABOVE BUT FOR A LONGER WAUELENGTH.
ET

8ET
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T n
DATA SET 1

A = 0.548
73.0 1.473808
80.0 1.47898
144,0 1.47842
163.0 1.47820
187.0 1.47798
218.0 1.47731
250.0 1.47675
DATA SET 2

A = 1.014
74.0 1.47278
78.0 1.47253
138.0 1.47208
160.0 1.47186
186.0 1.47175
218.0 1.47086
250.0 1.47063

TABLE 30.

EXPERIMENTAL REFRACTIVE INDEX OF BARIUM FLUORIDE (TEMPERATURE DEPENDENCE)
[WAVELENGTH, A, um: TEMPERATURE, T, K3 REFRACTIVE INDEX, nl
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TABLE 31. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX OF BARIUM FLUORIDE (WAUVELENGTH DEPENDENCE)
DATA REF. AUTHOR(S) YEAR METHOD WAUELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO.  NO. USED RANGE, Um K
1 67 MALITSONsI.H. 1964 D 0.40-0.77 308 SYNTHETIC CRYSTAL: GROWN AT HIT BY D. C. STOCKBARGER:
: PRISMATIC SPECIMEN; REFRACTIVE INDEX DETERMINED BY
DEVIATION METHODs 3N-DT DETERMINED FOR 9 SPECTRAL LINES
USING THE INDICES MEASURED AT 288, 308 AND 328K: DATA
EXTRACTED FROM A TABLE.
a2 67 MALITSON,I.H. 1364 D 0.26-10.4 296 SYNTHETIC CRYSTAL: OBTAINED FROM THE HARSHAW CHEMICAL CO.:
' PRISMATIC SPECIMEN; NEAR 6l DEGREE APEX ANGLE, 18MMX18MM
UIEW SURFACE; REFRACTIUE INDEX DETERMINED BY MINIMUM
DEVIATION METHOD FOR 46 SPECTRAL LINES: DN/DT DETERMINED
USING INDICDES MEASURED AT ABOUT 288 AND 303K, NO DEFINITE
RESULTS REPORTED BUT AUERAGED VALUES -11X10 K IN NEAR
ULTRAVIOLET, -15 IN VISIBLE, -17 IN IN NEAR INFRARED AND -8
AT LONG WAVELENGTH LIMIT: DATA EXTRACTED FROM A TABLE.
3 59 LIPSONsH.G. 1876 I 0.63-3.33 310 SINGLE CRYSTAL; DISC SPECIMEN: 1.30CM DIAMETER, 1CM TO 2.5CM
TSAYsY.F. THICK; DN/DT DETERMINED FOR 3 SPECTRAL LINES BY OBSERUVING
BENDOW, B THE INTERFERENCE FRINGE CHANGES AND THE CORRESPONDING
LIGORsP.A. TEMPERATURE CHANGES: DATA EXTRACTED FROM A TABLE:
UNCERTAINTY OF DN/DT ABOUT 0.4X10$$K$$.
4 - 59 LIPSONs H.G. 1976 I 0.63-3.39 330 SIMILAR TO fBOVE BUT AT A HIGHER TEMPERATURE OF 330K?
ET AL. UNCERTRINTY OF DN/DT 0.4X10$3K$S.
S 59 LIPSONsH.G. 1978 I 0.63-3.33 350 SIMILAR TO FBOVE BUT AT A HIGHER TEMPERATURE OF 350K:
ET AL. UNCERTAINTY OF DN/DT 0.4X10$$K$$.
6 60 HARRIS,R.J. 1977 I 0.63-3.38 318 POLYCRYSTALLINE: OBTAINED FROM THE HARSHAW CHEMICAL CO.:
JOHNSTON: G.T. . PLATE SPECIMEN: DN/DT DETERMINED DIRECTLY FOR 3 SPECTRAL
KEPPLE,G.A. LINES BY OBSERVING THE FIZEAU INTERFERENCE FRINGE CHANGES
KROKs P.C.» MUKRIsH. AND THE CCRRESPONDING TEMPERATURE CHANGES: MEASUREMENTS
MADE FROM 298 TO 338Ks THE AUERAGED VALUES OF DN/DT WERE
GIVEN: DATA EXTRACTED FROM A TABLE.
7 92 TSAY, Y.F. 1977 I 0.32-3.38 310 SINGLE CRYSTAL: DISC SPECIMEN: 1.90CM DIAMETERs, 1.27CM THICK:
LIPSONsH.G. : DN/DT DETERMINED BY OBSERUING THE INTERFERENCE FRINGE
LIGORsP.A. CHANGES AND THE CORRESPONDING TEMPERATURE CHANGES DATA

EXTRACTED FROM A FIGURE: UNCERTAINTY OF DN/DT ABOUT
1.0X10$$Ks$. .
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TABLE 32. EXPERIMENTAL TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX CF BARIUM FLUORIDE (WAVELENGTH DEPENDENCED
[HAVELENGTHs A» yms TEMPERATURE, T» K3 TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX, dn/dT» 10 6K 1)

P\ dn/dT A dn/dT
DATA SET 1 DATA SET 6
T = 308.0 T = 318.0
0.404656 -15.05 0.6328 -16.4
0.435834 -15.00 1.15 -16.8
0.486132 -15.15 3.38 -16.3
0.546074 -15.20
0.589262 ~-15.22 DATA SET 7
0.6856273 ~15.23 T = 310.0
0.667814 ~15.85
0.706518 -15.28 0.325 -15.7
0.767858 -15.45 0.4416 ~-16.3
0.56328 -16.8
DATA SET 2 1.15 -17.2
T = 296.0 3.38 -16.8

0.26-0.4 -11.0
0.40-0.7 -15.0
0.70-9.7 -17.0
10.35 -8.0

IT'HH

“DATA SET 3

T = 310.0

0.6328 -1i6.7
1.15 =-17.1
3.39 -16.8

DATA SET 4
T = 330.0°

0.6328 -17.3
1.15 -17.5
3.33 -17.3

DATA SET 5
T = 350.0

 0.8328 -17.9

1.15 -17.8
3.39 -17.6
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TABLE 33. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIVATIVE OF REFRACTIUE INDEX OF BARIUM FLUORIDE (TEMPERATURE DEPENDENCE)
DATA REF. AUTHOR(S) YEAR METHOD HWAVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE, Um K
1 47 HOUSTON, T. W. 1963 D 0.5461 93-293 SINGLE CRYSTAL; HIGH PURITY; PRISMATIC SPECIMEN: POLISHED
JOHNSON, L.F. SURFACES FLAT TO 12 WAUELENGTH OF 0.535 MICROMETER LINE:
KISLIUK,P. REFRACTIVE INDEX DETERMINED BY MINIMUM DEVIATION METHOD:
HWALSH, D. J. DN-/DT DETERMINED USING INDICDES MEASURED AT 83 TO 283K, FOR
0.5461 MICROMETER LINE: DN/DT UALUES FOR  1.0i4 MICROMETER
ARE THE SAME AS THIS SET: DATA EXTRACTED FROM A TABLE.
2 &8 SELEZNEVARs A. M. 1989 I 0.656 213-573 SYNTHETIC CRYSTAL; PRODUCED [N THE SOUIET UNION; WELL
ANNEALED: TEMPERATURE COEFFICIENT OF REFRACTIVE INDEX
DETERMINED BY INTERFERENCE METHOD: EMPIRICAL FORMULA
PROPOSED FOR CALCULATION OF DN/DT: DATA EXTRACTED BY
EVALUATING A GIVEN EQUATION.
3 68 SELEZNEVAsA.M. 1868 I 0.583 213-573 SIMILAR TO ABOUE BUT FOR WAUELENGTH 0.589 MICROMETERS.
4 68 SELEZNEUAs A. M. 1969 I 0.486 213-573 SIMILAR TO ABOVE BUT FOR WAVELENGTH 0.486 MICROMETERS.
S 59 LIPSONsH.G. 1976 1 0.6328 300-353 SINGLE CRYSTAL: DISC SPECIMEN: 1.890CM DIAMETER, 1CM TO 2.5CM
TSAYs Y.F. THICK; DN/DT DETERMINED BY OBSERVING THE INTERFERENCE
BENDOW, B FRINGE CHANGES AND THE CORRESPONDING TEMPERATURE CHANGES?
LIGOR,P.A. DATA EXTRACTED FROM A FIGURE: UNCERTARINTY OF DN/DT ABOUT

0.5X10$$K$S.



0B6L °L "ON 6 'I°A ‘240Q ‘je ‘wey) sAyg T

TABLE 34.

T dn/dT
DATA SET 1

A= 0.546
93.0 -8.6
133.0 ~10.2
173.0 ~-12.5
223.0 -17.0
293.0 -18.8
DATA SET 2

A= C.B656
213.0 -12.95
238.0 -13.6!
263.0 ~14.26
288.0 -14.92
313.0 -15.57
338.0 ~-16.23
363.0 -16.88
388.0 -17.54
413.0 -18.13
438.0 ~18.85
463.0 -19.50
488.0 -20.16
513.0 -20.8!
538.0 -21.47
563.0 -22.12
DATA SET 3

A= C.589
213.0 -12.90
238.0 -13.56
263.0 -14.21
288.0 -14.87
313.0  -15.52
338.0 -16.18
363.0 -16.83
388.0 -17.49
413.0 -18.14
438.0 -18.80
463.0 -19.45

T

DATA SET 3(CONT.)

dn/dT

488.0 -20.11
513.0 -20.76
538.0 -21.42
563.0 ~22.07
DATA SET 4

A = 0.486
213.0 -12.64
238.0 -13.33
263.0 -14,02
288.0 -14.71
313.0 -15.40
338.0 -16.08
383.0 -16.78
388.0 -17.47
413.0 -18.16
438.0 -18.85
463.0 -19.54
488.0 -20.23
513.0 -20.92
538.0 -21.61
563.0 -22.30
DATA SET S

A = 0.632
302.564 -16.580
306.462 -16.780
308.943 -16.84(
314.667 -17.20C
320.000 -i7.28(0
325.538 -17.28(
328.846 -17.40(
333.538 -17.58C
337.231 -17.78(C
339.6892 -18.00C
343.580 -18.08(
347.282 -17.98(
350.358 -18.02C

T

DATA SET S(CONT.)

.352.821

EXPERIMENTAL TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX OF BARIUM FLUORIDE (TEMPERATURE DEPENDENCE)
IWAUELENGTH, )» ym TEMPERATURE: T, Ki TEMPERATURE DERIVATIVE OF REFRACTIVE INDEXs dn/dT» 10 ®K 11

dn/dT

-18.140
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TABLE 35.

H. H. L

COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR BaF,

Source

Wavelength and

Temperature Ranges

Dispersion Equation
Ain pm; p in em™!

Kaiser, W.,
Spitzer, W.G.,
Kaiser, R.H., and
Howarth, L, E,
1962

Malitson, I.H.

10-80 um

0.2652-10, 346 um

1964 298 K
Selemeva, | 213-573K
1969

Present work 0.15-15,0 um
1977 293 K

Viz'vz

2 2= 2
nt -k¥?=¢  +Z 4Tp, V.,
p; vy (viz-v2)2+‘>’i2v2ui2

. [flde! »
2ok = 2;‘ 4T Py AR O LEE RN
f? = 14— 0:643356 )2 0. 506762 A2 3.8261 \2

N - (0.057789)2 * AT = (0.10968)2 T XT - (46.3864)2

S = a+2b (T -293.0)7

0.19652 )2

P + e 524690 A2

N - (53.82)2

. 0.81070 32
n* = 1.33973 + 5r G To065)7 +

*i=1, 2; 47p; = 4.50, 4Py = 0.07; vy = 184 em~!, y, = 278 enil; 4y, = 0. 020, ¥, = 0. 30.

1 For A= 0.656 um, a=~15.00X 107, D= -1.31x 1U°8; for A= U, 589 um, a = -15,00 X 1079,
for A= 0.486 ym, a=-14,.85x 1075, b= -1,38 x 1078,

J. Phys. Chem. Ref. Dota, Vol. 9, No. 1, 1980

b=-1.31x 108



YEFRACTIVE-INDEX OF ALKALINE EARTH HALIDES'

1te:wxde spectral reglon, about. ~5 microm--

measurements have been- carried out' orily

wxdth less than 7 'e_rcent of the :

the presem work, the available data are only a part of the
information needed for a Sellmeier d}spersmn eqnatlon.

hs of each of the resonant wavelengths It is fortunate

:f where 74. is’ m umts of mlcrometers It should

refracnve index between' ordinary and extraord1
k “with' the o Aserved blrefnngence except in"the

idata given in the table of - recommended -values.
“dn/d\ were 51mply evaluated by taking t the ﬁrst deriv
these’. equatmns Although the values of n-are given
Ifourth decxmal place, this does- not reﬂect ‘the " degre

o In order to get meamngful predictions for the whole transparent .
“ region, the key: parameters forthe dxsperswn equation are, for
eh: ray; the dielectric- constam, ‘the effective: UV ‘resonant
avelength; the infrared. resonant wavelength and if possible-

*reglon, 0. 14-7 50 mlcrometers, are:

:'—0300894 2
—18.0%

e OV
S TX2= 0086362 A2

21497322
5_,'02

0.66405 Az
}\ 0 08504~2 B

125385 +

)_\‘2

Barker s values have ‘béen modified so that th def 3

anomahes of blrefrmgence occur. Barker’s valuesw ST st 50
fied that the ratios of the parameters remained unchange
the available data of IRTRAN 1 we simply fit the. da

: Sellmexer type: quotanon, 1o obtain

= 2 : 2
=y .79079 + 0.10822 A2 + 24814-N2
o 7\ 0 167332 )_»2 25. 542
o (IRTRA

This equatmn is found to be as good as the Herzherger

‘dlspersmn equatlon given in [20]

Equatmns (24) to £26)- were used to generate the‘refere

accu.racy and the extent of rehabxhty ‘The values are o give
simply for smoothness of tabuilation, For the proper use:
tabulated values' the reader- should fol]ow ‘the cmer
below

“For or_dméry -and'extf:ibrdih:ir)i *ra'ys;

‘Wavelength range g Esnmated
micrometers uncertamty, pus
5;015-0 200 001
~0.20=0.30° - 0.005
0.30-0.70 - 0.0001
'0.70-1.00 0.003-
1.00-5.00 " - 0.005
-5.00-10.0 -0.01
For IRTRAN,YI: ‘
‘ 0.18-0.30 >0.05
" 0.30-1.00° >0.01
* 1.00-10.0 ~0.001

3. Phys. Chem. Ref. Data; Vol. 9. Na 11080’
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A
um

0.150
0.152
0.154
0.156
0.158

0.1860
0.162
0.164
0.166

‘0.168

0.170
0.172
0.174
0.176
0.178

0.180
0.182
0.184
0.186
0.188

0.190
0.192
0.194
0.186
0.188

0.200
0.202
0.204
0.206
0.208

0.210
g8.212
0.214
0.216
0.218

0.4371

A
un

0.220

0.222
0.224
0.226
0.228

0.230
0.232
0.234
0.236
0.238

0.240

0.242
0.244
0.246
0.248

0.250
0.252
0.254
0.256
0.258

0.250
0.252

0.254
0.256
0.288

0.270
0.272
0.274
0.276
0.278

0.280
0.282
0.284
0.286
0.288

TABLE 36. RECOMMENDED UALUES ON THE REFRACTIVE
DERIVATIVE FOR MAGNESIUM FLUORIDE AT
Extraordinary

Ordinary Ray Ray . IRTRAN 1

n, -dng/dA ng -dng/dA°  n -dn/dA
1.4752 2.0378 1.4941 2.0685 -——- -—
1.4752 1.8137 1.4900 1.8448 ——- —
1.4715 1.8003  1,4863 1.8315 -——- —-—
1.4680 1.6962 1.4827 1.7274 —-- -
1.4647 1.6005 1.4794 1.6315 -——- -—
1.4616 1.5124 1.4762 1.5431 ——- e
1.4587 1.4310 1.4732 1.4613 ——- ——=
1.4558 1.3557 1.4703 1.3856 ——-— ——
1.4532 1.2860 1.4676 1.3153 -—- -—
1.4507 1.2212 1.4651 1.2500 ——- —
1.4483 1.1610 1.46256 1.1892  —-- ——=
1.4451 1.1048 1.4803 1.1325 ——-— -
1.4433 1.0526 1.458f 1.0795 ——- -
1.4418 1.0037 1.4560 1.0300 ——- ——
1.4398 0.9579 1.4540 0.9837 -——— ——
1.4380 0.9151 1.4521 0.9402 1.60B5 17.5092
1.4362 0.8743 1.4502 0.8994 1.5780 13.3075
1.4345 0.8372 1.4485 0.8610 1.5544 10.4573
1.4329 0.8017 1.4468 0.8249 1.5356 8.4344
1.4313 0.7683 1.4451 0.7903 1.5203 6.9464
1.4238 0.7368 1.4436 0.7583 1.5076 5.8199
1.4284 0.7071 1.4421 0.7286 1.4968 4.9464
1.4270 0.6791 1.4407 0.7000 1.4877 4.2554
1.4256 0.6526 1.4333 0.6729 1.4797 3.6933
1.4244 0.6275 1.4380 0.6473 1.4728 3.2452
1.4231 0.6038 1.4367 0.6231 1.46867 2.8695
1.4280 0.5812 1.4355 0.6000 1.4613 2.5551
1.4208 0.5593 1.4343 0.5782 1.4564 2.2895
1.4197 0.5396 1.4332 0.5574 1.4521 2.0630
1.4187 0.5204 1.4321 0.5377 1.4482 1.8683
1.417E 0.5021 1.4310 0.5180 1.4446  1.6997
1.4166 0.4846 1.4300 0.5011 1.4414 1.5528
1.4157 0.4680 1.4290 0.4841 1.4384 1.4239
1.4148 0.4522 1.4281 0.4678 1.4357 1.3103
1.4138 1.4272 0.4524 1.4331 1.2097

INDEX AND ITS WAUELENGTH
293k *

Extraordinary
Ordinary Ray Ray IRTRAN 1
n, =~dng,/dA ng =-dng/d\ n -dn/dA

1.4130 0.4228 1.4263 0.4376

1.4122 0.4090 1.4254 0.4235
1.4114 0.3959 1.4246 0.4100
1.4106 0.3834 1.4238  0.3371
1.4098 0.3714 1.4230 0.3847

1.409I 0.3599 1.4292 0.3729
1.4084 0.3483 1.4215 0.3616
1.4077 0.3383 1.4208 0.3508
1.407T 0.3282 1.4201 0.3404
1,4064 0,385 1.4194 0.3304

1.4058 0.3083 1.4188 0.3208
1.4052 0.3003 1.4181 0.3116
1.40(46 0.2818 1.4175 0.3028
1.4040 0.2835 1.4169 0.2943

-1.4034 0.2756 1.4163 0.2861

1.4025 0.2680 1.4158 0.2782
1.4024 0.2607 1.4152 - 0.2707
1.4018 0.2536 1.4147 0.2634
1.4014 0.2468 1.4142 0.2564
1.4003 0.2403 1.4137 0.2496

_1.4004 0.2340 1.4132  0.2431

1,399 0.2279 1.4127 0.2368
1.3985 0.2220 1.4122 0.2307
1.3980 0.2164 1.4118 0.2249
1.3985 0.2109 1.4113 0.2182

1.3982 0.2056 1.4108 0.2138
1.3878 0.2005 1.4105 0.2085
1.3974 0.1956 1.4101 0.2034
1.3970 0.1908 1.4097 0.1985

1.3566 0.1862 1.4093 0.1937

1.39%63 0.1818 1.4083 0.1831
1.3953 0.1775 1.4085 0.1847
1.3556 0.1733 1.4081 0.1804
1.3952 0.1693 1.4078 0.1762
1.3948 0.1654 1.4074 0.1722

1.4308 1.1200
1.4286 1.0393
1.4266 0.9680
1.4248 0.9032
1.4230 0.8445

1.4214 0.7914
1.4188 0.7430
1.4184 0.6989
1.4171 0.8585
1.4158 0.6214

1.4136 0.5874
1.4134 0.5560
1.4123 0.5270
1.4113 0.5002
1.4103 0.4753

1.4034 . 0.4522
1.4085 0.4308
1.4077 0.4107
1.4068 0.3320
1.4061 0.3746

1.4054 0.3582
1.4047 0.3429
1.4040 0.3285
1.4034 0.3148
1.4038 0.3022

1.4023 ° 0.2902
1.4016 0.2783
1.4010 0.2682
1.4005 0.2581
1.4000 0.2485

1.395
1.398
1.398

0.2394
0.2309

86 0.2227
1.3982 0.2150
1.3977 0.2076

lmlwluﬂ

n

:124
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“TABLE 36w RECUMHEHBED UHLUES UN THE REFRQCTIUE INDEX AND ITS NQUELEHGTH
DERIUHTIUE FDR MHGNESIUM FLUURIDE RT ESSK (CUNTINUED)*

, }-Extraordlnary c e Extraordinary e
A Ord:.nary Ray Ray: - _IRTRAN 1 j - \, Ordlnary Ray’ -+ Ray. . IRTRAN 1.
um T n, -dng/dA  Hg  —dig/dA T m - —,dn/d)\ m Tng —dng/dA T mg -dng/dX m —dn/dk.
0.290- 1: 3945",0 1616 1.4071 0.1682 1.3973 0.2006 0.5007,1 3797 0.0292'-1 3916 .0.0306: 1,382§’,o 0237
0.292 1.3942 0.1580 1.4068 0.1644 1.3969 0.1940 - 0.510 1.3794 0.0276 1.3913 0.0289 1.3823 0.0223
0.294 1.3939 0.1544 1.4064 0.1608 1.3956  0.1876  0.520 1.3792 0.0861 1.3910 0.0273 1.3821 0.0210
0.295 1.3935 0.1510 1.4061 0.1572 1.3962 0.1816 = 0.530 1.3789 0.0247 1.3908 0.0258 1.3819 0.0198
0.238 1.3933 0.1476 1.4058 0.1537 1.3958 0.1758  0.540 1.3787 .0.0234 1.3305 0.0245 1.38[7 0.0187
0.300 1. 3930, 0:1444 1.4055 0.1504 1.3955 0.1703 0.550 1.3784  0.0222 1.3903 0. 0333 1.3815 0.0177
0.305 1.3923° 0.1367 1.4048 0.1424 1.3947 0.1576 ~ 0.560 1,3782 0.0211 1.3901 ' 0.0221 1.3814 . 0.0167
0.310° 1.3917  0.1296 1.4041 0.1350 1.3939 0.1462 = 0.570 '1.3780° 0.0201 1.3898 0.0210 1.3818 0.0159-
0.315 1.3810 0,1230 1.4034 0.1282 1.3932 0.1360  0.580 1.3778 0.0(91 1.3896° 0.0200' 1.3810 0.0151"
0.320 1.3804 0.1168 1.4028 0.1216 1.3925 0.1267  0.530 1.3776 0.0182 1.3854 0:0191 1.3803 0.0144
0.325 1.3899 0.1111  1.4022 0.1158 1.3918 0.1184  0.600. 1.3775 0.0174 1.3892 0.0183 1.3808 0.0138
0.330 1.3893 0.1057 1.40i6 0.1102 1.3914 0.1108  0.620 1.3771 0.0l59  1.3883 0.0167" -1.3805 0.0125.
0.335 1.3888. 0.1007 1.4011 0.1050 1.3908 0.1039  0.640 1.3768 0.0l46 1.3886° 0.0154 1.3802 0.0116"
0.340 .1.3883 0.0960 1.4006 0.1001 1.3903 0.0976 - 0.660 ‘ 1.3765 -0.0l35 1.3883 -0.0142 1.3800 0.0107
0.345 1.3878 0.0316 1.4001 0.0956 1.3698° 0.0918 ~ 0.680 1.3763 0.0l25 1.3880 0.0132 1.3798 0.0100°
0.350 1.3874 0.0875 1.3596  0.09i3 1.3834 0.0865  0.700 1.3768 0.0117. 1.3878 0.0123 1.3786 0.0093
0.355  1.3870 0.0836 1.3592 0,0873 1.3830 0.0816 - 0.720 1.3758 0.0109 - 1.3875 0.0115  1.3794 0.0088.
0.360 1.3866 0.0800 1.3988 0.0835 1.3886 0.0772  0.740 -1.3756 0.0102 1.3873 0.0108 1.3793 0.0083
0.365 1.3862 0.0766 1.3983 0.0793 1.3882 0.0730  0.760 1.3754 0.0096 1.3871 0.0101 1.3791  0.0078.
0.370 1.3858 0.0733 (1.3980 0.0766 1.3876 0.06%2 . 0.780 1.3752 0.0091 1.3863 0.0096 1.3780 0.0075
0.375 1.3854 0.0703 1.3976 0.0734 1.3875 0.0657 ~ 0.800 1.3750 . 0.0086 1.3867 0.0091 1!3753"0 0071
0.380 1.3851 0.0674 1.3972 0.0704' 1.3872 0.0624  0.820° 1.3743 0.0082 1.3865 0.0086 1.3787 0.0068
0.385 1.3848 0.0647 1.3369 0.0676 1.3869 0.0593  0.840 1.374¢ 0.0078 1.3863 0.0082 1.3785 .0.0066
0.350 1.3844 0.0621 1.3965 0.0649 1.3866 0.0565  0.850 1.374E 0.0074 - 1.3862 0.0079 1.3784 0.0064
0.335 1.3841 0.0587 1.3%62 0.0624 1.3863 0.0538  0.880 1.3744 0.0071 1.3860 0.0076 1.3783 0.0062
0.400 1.3838 0.0574 1.3958 0.0600 1.3861 0.0514  0.900 1.3743 0.0069 1.3855 0.0073 1.3788 0.0060
0.410° 1.3833 0.0532 1.3953 0.0556 1.3858 0.0469  0.920 1.3741 0.0066 1.3857 0.0070 1.3780 0.0058
0.420 1.3828 0.0494 1.3948 0.0516 1.3851 0.0430  0.940 1.3740 0.0084 1.3855 0.0068 1.3779 0.0057
0.430 1.3823 0.0460 1.3943 0.0480 1.3847 0.0395  0.950 1.3733 0.0062 1.3855 0.0066 1.3778 ° 0.0056
0.440 1.3818 0.0428 1.3938 0.0448 1.3843 0,0364  0.980 1.3738 0.0060 1.3853 0.0064 1.3777 -0.0055
0.450 1.3814 0.0400 1.3934  0,0419 1.3840° 0.0337 = 1.000 1.3735 0.0058 1.3852 0.0062 '1.3776 0.0054
0.460 1.3810° 0.0374 - 1.3930 0.0392 1.3836 0.0313 . 1.050 1.3733 0.0055 '1.3843 0.0059 1.3773 0.0052
0.470 1.3807 0.0351 1.3526 0.0367 1.3833 0.0291  1.100 1.3731 0.0053 1.3846 0.0056 1.3771 0.0051
0.480 1.3803 0.0330 1.3923 0.0345 1.3831 0.0271  1.150 -1.3728 .0.0051 . 1.3843 0.0054 ~1.3768 ° 0.0050

1 .R3R2KR

0.490 .1.3800 040310 71.3919 0,035 N_NPRR: 1800 1:3728 Q.Qg48?fl.3841f,p,9953 1e 3? 5f;0§0Q$Q‘
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A
um

1.250
1.300
1.350
1.400
1.450

1.500
1.550
1.600
1.650
1.700

1.750
1.800
1.850
1.800
1.850

2.000
2.050
2.100
2.150
2.200

2.250
2.300
2.350
2.400
2.450

2.500
2.550
2.600
2.650
2.700

2.750
2.800
2.850
2.800
2.950

TABLE 36. RECOMMENDED UALUES ON THE REFRACTIUE INDEX AND ITS WAUELENGTH

Ordirary Ray

DERIVATIVE FOR MAGNESIUM FLUORIIE AT 293K (CONTINUED) *
Extraordinary
Ray

IRTRAN 1

g

1.3783
1.3721
1.3718
1.3718
1.371¢

1.3711
1.3703
1.3706
1.370¢
1.3701

1.3693
1.3696
1.3694
1.3691
1.3688

1.3686
1.3683
1.3880
1.3677
1.367¢

1.3671
1.3668
1.3665
1.3662
1.3658

1.3655
1.3652
1.3648
1.3645
1.3641

1.3638
1.3634
1.3630
1.3626
1.3622

~dng/dA

0.0048
0.0048
0.0047
0.0047
0.0047

0.0048
0.0048
0.0048
0.0043
0.0050

0.0050
0.0051
0.0052
0.0053
0.0054

0.0055
0.0056
0.0057
0.0058
0.0059

0.0060
0.0062
0.0063
0.0064
0.0085

0.0066
0.0063
0.0063
0.0070
0.0071

0.0073
0.0074
0.0075
0.0077
0.0078

ng -dng/dA

1.3838
1.3835
1.3833
1.3830
1.3828

1.3825
1.3822
1.3820
1.3817
1.3814

1.3812
1.3803
1.3806
1.3803
1.3800

1.3797
1.3794
1.3791
1.3788
1.3785

1.3782
1.3778
1.3775
1.3771
1.3768

1.3764
1.3761
1.3757
1.3753
1.3749

1.3745
1.3741
1.3737
1.3733
1.3723

0.0052
0.0051
0.0051
0.0051
0.0051

0.0051
0.0052
0.0052
0.0053
0.0054

0.0055
0.0056
0.0057
0.0058
0.0053

0.0060
0.0061
0.0062
0.0063
0.0064

0.0066
0.0067
0.0068
0.0070
0.0071

0.0072
0.0074
0.0075
0.0076
0.0078

0.0073
0.0081
0.0082
0.0083
0.0085

n

1.3763

1.3760
1.3758
1.3755
1.3753

1.3750
1.3747
1.3745
1.3742
1.3739

1.3738
1.3733
1.3730
1.3727
1.3724

1.3720
1.3717
1.3714
1.3713
1.3707

1.3703
1.3699
1.3696
1.3692
1.3688

1.3684
1.3680
1.3678
1.3671
1.3667

1.3863
1.3658
1.3654
1.3643
1.3644

-dn/dX

0.0050
0.0050
0.0051
0.0051
0.0052

0.0053
0.0054
0.0055
0.0056
0.0057

0.0058
0.0060
0.0064
0.0062
0.0064

0.0065
0.0067
0.0068
0.0070
0.0071

0.0073
0.0074
0.0076
0.0077
0.0073

0.0080
0.0082
0.0084
0.0085
0.0087

0.0088
0.0030
0.00392
0.0093
0.0095

A

am

3.000
3.050
3.100
3.150
3.200

3.250
3.300
3.350
3.400
3.450

3.500
3.550
3.600
3.650
3.700

3.750
3.800
3.850
3.800
3.850

4,000
4,050
4,100
4.150
4.200

4,250
4,300
4.350
4.400
4.450

4.500
4.550
4.600
4.650
4.700

Ordinary Ray

Extraordinary
Ray

IRTRAN 1

Ip

1.3618
1.3614
1.3610
1.3608
1.3602

1.3598
1.3593
1.3589
1.3584
1.3580

1.3575
1.3570
1.3566
1.3561
1.3556

1.3551
1.3545
1.3541

1.3535

1.3530

1.3585
1.3513
1.3514
1.3508
1.3502

1.3497
1.34SL
1.3485
1.3479
1.3473

1.3468
1.3460
1.3454
1.3448
1.3441

-dny/dA

0.0073
0.0081
0.0082
0.3083
0.0085

0.0086
0.3088
0.0083
0.00380
0.0082

0.0083
0.00395
0.0086
0.0038
0.0083

0.010!
0.0102
0.J104
0.0105
0.0107

0.0108

0.0110
0.0111
0.0113
0.0114

0.0116
0.0117
0.0118
0.0120
0.0122

0.0124
0.0125
0.0127
0.0128
0.0130

Ng

1.3724
1.3720
1.3716
1.3711
1.3708

1.3702
1.3697
1.3692
1.3687
1.3682

1.3677
1.3672
1.3667
1.3662
1.3656

1.3651
1.3645
1.3640
1.3634
1.3628

1.3882
1.3616
1.3610
1.3604
1.3598

1.3592
1.3585
1.3579
1.3573
1.3566

1.3553
1.3552
1.3548

©1.3539

1.3532

-dng/dA

0.0086
0.0088
0.0083
0.0081
0.0082

0.0094
0.0085
0.0097
0.0038
0.0100

0.0101
0.0103
0.0105
0.0106
0.0108

0.0108
0.0111
0.0113
0.0114
0.0116

0.0117
.0.0118
0.0121
0.0122
0.0124

0.0126
0.0128
0.0123
0.0131
0.0133

0.0134
0.0136
0.0138
0.0140
0.0141

n

1.3633
1.3634
1.3623
1.3624
1.3613

1.3563

1.3557
1.3550
1.3544
1.3538
1.3531

1.3585
1.3518
1.351T
1.350%
1.3497

1.34930
1.3483
1.3476
1.3468
1.3461

1.3453
1.3445
1.3438
1.3430
1.3428

-dn/dX

0.0037
0.0098
0.0100
0.0102
0.0104

0.0105
0.0107
0.0108
0.0111
0.0112

0.0114
0.0116
0.0118
0.0120
0.0121

0.0123
0.0125
0.0127
0.01238
0.0131

0.0132
0.0134
0.0136
0.0138
0.0140

0.0142
0.0144
0.0146
0.0148
0.0150

0.0152
0.0154
0.0156
0.0158
0.0180

(1114
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FIGURE 21.

WAVELENGTH, MICROMETER

REFRACTIVE INDEX OF MAGNESIUM FLUORIDE (WAVELENGTE DEPENDENCE)
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FIGURE 22. WAVELENGTH DERIVATIVE OF REFRACTIVE INDEX OF MAGNESIUM FLUGRIOE.
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TABLE 37.

MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF MAGNESIUM FLUORIDE (WAVELENGTH DEPENDENCE)

DATA
SET NO.

REF.
NO.

AUTHOR(S)

YERR METHOD HAUVELENGTH TEMP.

USED

RANGE, Lim

K

SPECIFICATIONS AND REMARKS

10

B3

70

[}

I8}

71
2

72

73

74

74

ROOD, J.L.

SCHULZsL.G.

'SCHEIBNER,E.J.

MORITAs N

MORITAsN.

MORITAsN.

HALLs J.E. JR.
FERGUSONs H.F.C.

HALLs J.E.JR.
ET AL.

JENNESSs J.R.JR.

MORITA»N.

MORITAsN.

1948

1850

1952

1952

" 1952

1854

1854

1856

1956

1956

R

0.47-0.62

0.589

0.49-0.62

0.49-0.58

0.58
0.42-0.76

0.42-0.76

2.0

0.37-0.60

0.37-0.60

293

293

293

293

293
293

293

233

2393

2393

THIN FILM SPECIMEN OF UARIOUS THICKNESSES ON GLASS SUBSTRATE:
REFRACTIVE INDEX DETERMINED BY NEAR NORMAL REFLECTION
MEASUREMENTS IT WAS FOUND THAT THE INDEX OF REFRACTION OF
FILMS WERE LOWER THAN THAT OF BULK MATERIAL AND CHANGING
WITH AGE OF THE FILM: DATA EXTRACTED FROM A TABLE:
UNCERTAINTY OF INDEX ONE UNIT OF THE THIRD DECIMAL PLACES
TEMPERATLRE NOT GIVEN. 283K ASSUMED.

THIN FILM SPECIMEN OF UARIOUS THICKNESSES ON GLASS SUBSTRATE
WITH SILUER OR GOLD LAYER; IT WAS FOUND THAT THE INDEX OF
REFRACTION IN THE FILMS WAS THE SAME AS THAT OF THE BULK
MATERIALS: TEMPERATURE NOT GIVEN, 293K ASSUMED.

THIN FILM SPECIMEN: UACUUM DEPOSITED ON A GLASS SUBSTRATE:
REFRACTIVE INDEX DETERMINED BY TRANSMISSION METHOD FOR 4

. SPECTRAL LINES: LATA EXTRACTED FROM A TABLE: UNCERTAINTY OF
INDEX AT THE THIRD DECIMAL PLACE.

SIMILAR TO ABOUE BUT FOR THE SUBSTRATE TEMPERATURE AT 483K
DURING DEPCSITION.

SIMILAR TO ABOUE BUT FOR HIGHER SUBSTRATE TEMPERATURE.

UACUUM DEPCSITED; THIN FILM SPECIMEN OF 0.2-0.8 MICROMETER ON
BLACK GLFSS SUBSTRATE: AGED IN AIR FOR ONE HOUR AT 233K:
REFRACTIVE INDEX DETERMINED BY INTERFERENCE METHOD: DATA
EXTRACTED FROM A SMOOTH CURVE; TEMPERATURE NOT GIVEN., 293K
ASSUMED. :

SIMILAR TO ABOVE BUT FOR THE FILMS AGED FOR ONE WEEK.

SINGLE CRYSTAL; UACUUM DEPOSITED: THIN FILM SPECIMEN OF 0.5
MICROMETER ON FUSED QUARTZ SUBSTRATE:; REFRACTIVE INDEX
DETERMINED BY TRENSMISSION METHOD FOR THE SPECTRAL LINE 2.0
MICROMETERS: TEMPERATURE NOT GIVENs 233K ASSUMED.

THIN FILM SPECIMEN OF 533 MICROMETER ON CROWN GLASS
SUBSTRATE: UACUUM DEPOSITED; REFRACTIVE INDEX DETERMINED BY
INTERFERENCE METHOD: DATA EXTRACTED FROM A FIGURE:
UNCERTAINTY OF INDEX 0.01.

SIMILAR TO ABOUE BUT FOR THIN FILM SPECIMEN OF 534 MICROMETER
ON FUSED QUARTZ ESUBSTRATE.

1414
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TABLE 37, MEASU

Rer.

DHTR AUTHOR(S) vean NETHOD NHUELEHGTH rEmP.
SET NO. NO. R - UseD” . RnNGE.um K.
11 74 MORITAsN. 1953 5 o.as-o;ss‘ 233 'SIﬂiﬁééffc hamus BUT FOR THIN F
, v e o e . “ON CROHN GLASS. SUBSTRRTE. ;
12 74 MORITAsN, 1856 I 0.39-0.54 293 'SIMILnR 70 RBOUE BUT FOR. THIN FILM SPECIMEN OF 58? MICRUMETER
e R G o L "/ /ON‘FUSED GUARTZ SUBSTRATE.
13 74 MORITAsN. 1856 1 0.37-0.55 '293 SIMILAR TO BOUE BUT FOR. THIN FILM SPECIHEN oF. 395 HICRUMETER
b ‘ e S . ON FUSED GUARTZ SUBSTRATE. .
14 74 MORITAsN. 1856 I 0.397,0.489 293 SIMILAR TO' ABOUE ‘BUT FOR THIN FILM SPECIMEN OF 356 nICRUMETERf
v T : N - ON CROWN GLASS SUBSTRATE.
15 74 HMORITA»N;" 1856 1 0.38-0.50 283  SIMILAR TO ABOVE BUT FOR THIN FILM SPECIMEN OF 598 MICROMETER
: ST o ' ON_ CROWN: GLASS SUESTRHTE' KEPT AT TEMPERRTURE 513 K. DURING.
‘ N o R - DEPOSITION.
16 74 MORITA,N." 1956 1. 0.39-0.59 293 SIMILAR 7O ABOVE BUT FDR THIN FILM. SPECIMEN OF 610 MICROMETER
, o - _ : o ON FUSED GUARTZ ‘SUBSTRATE: KEPT AT 513.K nunxnc DEPOSITION.
17 74 MORITAsN: 1856 I 0.38-0.55 293 SIMILAR TO ABOUE BUT FOR THIN FILM. SPECIMEN oF ‘829 MICROMETERF
o ‘ ' S _ T ~ON CROMN CLASS SUESTRATE: KEPT AT 673 K. DURING DEPOSITION.
18 ‘74 MORITAsN. 1856 1 0.34-0.53 293 SINILHR TO ABOUE BUT FOR THIN FILM SPECIMEN. OF 823 MICROMETER
C : R - : S o oN' Fussn QUARTZ SUBSTRATE: . KEPT. AT 673 K DURING DEPOSITION.
19 74 MORITASN. 1856 I  0.408,0.508 293 SIMILAR. TO ABOVE BUT FOR THIN FILM. SPECIMEN OF 1090
: g . MICROMETER ON CROMN GLASS SUBSTRATE. KEPT AT saa K nunxnc
' , _ DEPUSITIUH._ - :
20 74 MORLTA,N. 19565 I  0.42-0.58 293 SIMILHR 70 4BOVE BUT FOR THIN: FILn ar:uLﬂEN OF 1095 ° -
, ‘ S T T "MICROMETER ON FUSED GUARTZ SUBSTRATE:. KEPT AT 623 K. nuaxuc
v R DEPOSITION.
21 74 MORITAsN, 1958 I 0.39-0.58 293 SIMILAR TO ABOUE BUT FOR THIN FILM SPECIMEN OF 358 MICROMETER
' . : e : ON-FUSED GUARTZ | SUBSTRATE: KEPT. AT 823K nuaxnc DEPUSITIDN«
22 74 MORITA.N. 1956 1 0.38-0.56 293 SIMILAR TO ABOVE BUT FOR THIN FILM SPECIMEN OF 470, MICROMETER
v ; o o ...+ ... .ON CROWN GLASS SUESTRATE: KEPT AT 533 K. DURING DEPOSITIO i
23 74 . MORITAsN. 1956 /I 0.34-0.51 - 293 SIMILAR TO asous'suw FOR THIN. FILM SPECIMEN. OF ‘362 M1 CROHETERI
T R ‘ . 0N, CROKN GLASS' SUESTRRTE. KEPT aT sas I URING DEPOSITION.

'S3ANVH HIAVI ANITVITY 40 XIANK JALOVHLTY.
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TABLE 37.

MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF MAGNESIUM FLUORIDE (WAUVELENGTH DEPENDENCE) (CONTINUED?

DATA RZF. AUTHOR(S) YEAR METHOD WAVELENGTH TEWP, SPECIFICATIONS AND REMARKS
SET ND., HO. USED RANGEs Lim K
24 i8 DUNCANSDNs A+ 1958 D 0.40-0,71 294 SYNTHETIL CRYSTAL: GROWN BY THE STOCKBARGER TECHNIQUES
STEVENSONsR.H.H. PRISMATIC SPECIMEN: NEAR 80 DEGREE APEX ANGLE, 25MMX27MM
UTEW SURFACE: REFRACTIVE INDEX DETERMINED BY DEUIATION
METHOD FOR 18 DRDIMARY SPECTRAL LINES; DATA EXTRACTED FROM
A TABLE: A HARTMANN INTERPOLATION FORMULA BEST FIT THE
RESULTS ALSO GIUEN.
25 i8 DUNCANSONs A, 1358 D 0.40-0.71 294 SIMILAR TO ABOVE BUT FOR EXTRAORDINARY RAY.
ET AL, :
26 75 COLE»T. T. 1382 R 0.03~0.13 233 THIN FILM SPECIMEN OF UNSPECIFIED THICKNESS: UACUUM
OPPENHEIMERs F. DEPOSITED: 10,30,50 AND 70 DEGREE IMCIDENT REFLECTION
SPECTRUM OBTAINED; REFRACTIVE INDEX DEDUCED FROM REFLECTION
SPECTRUM WITH FRESNEL FORMULAES DATA EXTRACTED FROM A
TABLE: TEMPERATURE NOT GIVEN, 233K ASSUMED.
27 B3 LUKIRSKIIsALP, 1364 R 0.002-0.12 298 THIN FILM SPECIMEN OF MAGNESTUM FLUGRIDE ON GOLD OR ALUMINIUM
SAVINOU,E.P. SUBSTRATE: REFRACTIVE INDEX DEDUCED FROM REFLECTION
ERSHOU, 0. A. SPECTRUM WITH FRESNEL FORMULAE; DATA EXTRACTED FROM A
SHEPELEU, YU.F. TABLE.
28 49 FABRE, 0. 1364 R 0.08~0.17 293 THIN FILM SPECIMEN OF UARYING THICKNESS; UACUUM BEPOSITEDS
RDMQN;’J;J. REFRACTIVE INDEX DETERMINED BY REFLECTANCE OF UARYING
UDDAR, B. THICKNESS: DATA EXTRACTED FROM A FIGURE: TEMPERATURE NOT
GIVEN, 233K ASSUMED:
aH. 1867 0.04~0.30 293 SINGLE CRYSTAL; OBTAINED FROM OPTQUAC, INC.3 PLATE SPECIMENS:
a3 s WILLIANS, M. H % R 1MM THICK: HIGHLY POLISHED SURFACES: FOR WAUELENGTH REGIDN
0.1-0.3 MICROMETER NEAR NORMAL AND 7S5 DEGREE INCIDENT
REFLECTION SPECTRUM OBTAINED; FOR REGION 0.04-0.13
MICROMETER 20, 70 AND 75 DEGREE INCIDENT REFLECTION
SPECTRUM OBTAINED: REFRACTIVE INDEX DEDUCED FROM REFLECTION
SPECTRUM WITH FRESNEL FORMULAE: DATAR EXTRACTED FROM A
SMOOTH CURVE: TEMPERATURE NOT GIVEN, 293K ASSWMED.
30 78 WILLTIAMS, MW, 1867 R 0.04~g.11 293 SINGLE CRYSTAL: UACUAM DEPOSIYED: THIN FILM SPECIMEN OF

UNKNOWN THICKNESS: 20 AND 70 DEGREE INCIDENT REFLECTION
SPECTRUM OBTAINED: REFRACTIUE INDEX DEDUCED FROM REFLECTION
SPECTRUM WITH FRESNIL FORMULAE: DATA EXTRACTED FROM A
SMOOTH CURVE; TEMPEIATURE NOT GIVEN, 293K ASSUMED.

(SR
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TABLE 37. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF MAGNESIUM FLUORIDE (WAUVE_ENGTH DEPENDEME) (CONTINUED) -

REF.

SPECIFICATIONS AND REMARKS

DATA AUTHOR(E) YEAR METHOD WAUELENGTH TEMP.
SET NO.  NO. - USED  RANGE» Im K
31 5L HELTMANN, W, 1867 L 0.6328 293 SINGLE CRYSTAL; HIGH PURITY: PRODUCTION OF SCHUCHARDT CO.:
KOPPELMANN G. ' ‘ ~ UACUUN DEPOSITED; THIN FILM SPECIMEN OF QUARTER WAUELENGTH
ALTERNATE WITH ZNS AND ZNSE_FILMS; REFRACTIVE INDEX
DETERMINED BY MULTILAYER METHOD FOR 1 SPECTRAL LINES: DATA
EXTRACTED FROM A TABLE: TEMPERATURE NOT GIVEN, 233K
ASSUMED. - :
32 77 STEINMETZ,D.L. 1967 0.17-0.23 293 SINGLE CRYSTAL; THE AUTHOR OBTAINED THE DATA THROUGH PRIVATE
PHILLIPS, W.G. ' COMMUNICATION: DETAILS OF EXPERIMENT NOT GIVEN; REFRACTIVE
WIRICKs M. INDEX OF EXTRAORDINARY RAYS FOR 4 SPECTRAL LINES WERE
FOREES, F.F. GIVEN: DATA EXTRACTED FROM A TABLE; TEMPERATURE NOT. GIVEN,
, 293K ASSUMED.
a3 77 STEINMETZ,D.L. 1867 0.17-0.28 293 SIMILAR TO ABOUE BUT FOR ORDINARY RAYS.
ET fL. ' , ’
34 78 NAGETA.K. 1968 A 0.45-0.65 293 THIN FILM SPECIMEN OF 0.05 TO 0.10 MICROMETER ON GLASS
SUBSTRATE; UACUUM DEPOSITED; REFRACTIVE INDEX DETERMINED BY
ABELES METHOD FOR 3 SPECTRAL LINES: DATA EXTRACTED FROM A
TABLE; TEMPERATURE NOT GIVEN, 293K ASSUMED.
35 79 HASSG. 1969 I 0.16-0.55 293 THIN FILM SPECIMEN OF UNSPECIFIED THICKNESS BY UACUUM
RAMSEYs J. B, DEPOSITION ONTD QUARTZ PLATE BY A CO2 LASER; REFRACTIVE
INDEX DETERMINZD BY INTERFERENCE METHOD: DATA EXTRACTED
FROM ¢ SMOOTH CURUE:; TEMPERATURE NOT GIVEN, 293K ASSUMED.
35 80  SHKLYAREUSKII,I.N. 1871. 1  0.40-1.00 2893 UACUUM IEPOSITED; THIN FILM SPECIMEN OF 0.133 TO 0.517
EL-SHAZLI,A.%.A. MICROPETER ON SLASS SUBSTRATE: 3MMX1.2MM AREA; REFRACTIVE
GOUORUSHCHENCD, A 1. INDEX DETERMINZD BY INTERFERENCE METHOD: DATA EXTRACTED
o FROM # SMOOTH CURUE: TEMPERATURE NOT GIVEN, 293K ASSUMED.
37 20 EASTMAN KODAK CO. 1971 D 1.00-9.00 293 POLYCRYSTALLINE; KODAK INFRARED OPTICAL MATERIAL IRTRAN 13
DESCRIPTION OF SPECIMEN AND EXPERIMENT NOT GIUEN:
TEMPERATURE NOT GIUEN, 293K ASSUMED; DATA EXTRACTED FROM A
TABLE COMPUTED BY A GIVEN HERZEERGER DISPERSION EQUATION.
a8 81 HANSON, M.F. 172 R 0.015-0.08 SINGLE CRYSTAL; OBTAINED FROM ALFHA INORGANICSs INC.: .
ARAKAKAE.L T, POLISHED WITH 0.5 MICROMETER GRIT: 12 ANGLES FROM 20 TO 75
HILLIAMS, M. W, DEGREES INCIDENT REFLECTION SPECTRUM OBTAINED; REFRACTIVE

INDEX DEDUCED FROM REFLECTION SPECTRUM WITH FRESNEL
FORMULAE: DATA EXTRACTED FROM A FIGURE: TEMPERATURE NOT
GIVEN, 233K ASSUMED.

$INYH HLIVZ INNYATY 40 XIANI JAILOVATY
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TABLE 37.

MEASUREMENT INFORMATION ON THE REFRACTIUE INDEX OF MAGNESIUM FLUORIDE (WAUELENGTH DEPENDENCE) (CONTINUED)

IATA REF. AUTHOR(S) YEAR METHOD MHAUVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. . USED RANGE, Um K
339 82 THOMAS, J. 1973 R 0.04-0.12 233 SINGLE CRYSTALS OBTAINED FROM THE HARSHAW CHEMICAL CO.: DISC
STEPHAN, G. SPECIMENs WITH OPTICAL AXIS PARALLEL TO THE POLISHED FACES:
LEMONNIER, J.C. REFLECTANCE MEASURED AT UARIOUS INCIDENT ANGLES FRON 25 TO
NISAR»M.» ROBIN,S. 55 DEGREES: REFRACTIVE INDEX OF ORDINARY-RAY DEBUCED FROM
REFLECTION SPECTRUM: DARTR EXTRACTED FROM R FIGURE:
TEMPERATURE NOT GIUVEN, 293K ASSUMED.
40 82 THOMAS, J. 1873 R 0.04-0.12 283 SIMILAR TO ABOUE BUT FOR EXTRAORDINARY-RAY.
ET AL.
4] 83 YADAUA, U.N, 1874 L 0.20,0.70 233 THIN FILM SPECIMEN OF PURE MACNESIUM FLUORIDE ON QUARTZ
SHARMASs 5.K. SUBSTRATE: VACUUM DEPOSITED; REFRACTIVE INDEX DETERMINED BY
CHOPRAs K. L. DEDUCTION OF THE REFLECTANCE AND TRANSMITTANCE OF THE FILM;

DIGITIZED UALUES OF REFRACTIVE INDEX GIVEN; TEMPERATURE NOT
GIVENs 283K ASSUMED.

8sT
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DATA SET 4
T =283.0"
1,886
1,387

048
"0+56:
0.58

T

4

- DATA SET

3.0

T

_DATA SET 13

. = 293.0 i

C0.371 1.414
0.440 ~ 1.412
0.551. 1,392

12

DA
0.341. 1,432

:0.377
0439

+

firig
T.= 283.0
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TABLE 38. EXPERIMENTAL REFRACTIUE INDEX OF MAGNESIUM FLUORIDE (WAUELENGTH DEPENDENCE) (CONTINUED)
[NAVELENGTH, A, Ums TEMPERATURE, T, Ki REFRACTIUE INDEX, 1]

A n hy n A n A n A n A n
DATA SET 25(CONT.) DATA SET 28(CONT.) DATA SET 23¢(CONT.) DATA SET 306(CONT.) .DATA SE;333 DATA SET 35(CONT.)
T = 293.0
0.706525 1.38771 0.1568 1.54 0.0338 1.557 0.0548 g0.882 ) 0.560 1.384
0.1618 1.54 0.0953 1.565 0,0563 1.008 0.1780 1.43375
DATA SET 28 0.0984 1.583 0.0573 1.043 0.1850 1.43424 DATA SET 36
T = 283.0 DATA SET 29 0.0882 1.404 0.C6801 1.097 0.2536 1.40208 T = 293.0
T = 293.0 0.1000 1.344 0.(620 1,147 0.2893  1.39485
0.0304 0.93 0.1008 1.280 0.(638 1,205 0.410 1.3988
0.0584 0.83 0.0447 0.870 0.1018 1.243 0.0652 1,248 DATA SET 34 0.600 1.3983
0.0920 1.03 ¢.0457 0.833 0.1024 1.212 0.C663 1.283 T = 293.0 0.800 1.3982
0.1048 1.20 0.0471 0.802 0.1033 1.477 0.C673 1.322 1.020 1.39863
0.1216 1.30 0.0432 0.758 0.1042 1.773 © 0.0685 1.375 0.450 1.390
0.0512 0.780 0.1050 1.960 0.C700 1,401 0.550 1.387 DATA SET 37
DATA SET 27 0.0538 0.847 0.1058 2.068 0.0718 1.4238 0.650 1.385 T = 293.0
T = 298.0 0.0541 0.904 0.1068 2.221 0.C742 1.450
0.0853 0.872 0.1078 2.233 0.L770 1.465 DATA SET 35 1.0000 1.3778 T
0.00238 0.939855 0,0566 1.051 0.1097 2.221 0.€800 1,485 T = 293.0 1.2500 1.3763 :
0.00314 0.99823 0.0576 1.106 0.1107 2.031 0.£837 1.508 1.5000 1.3743 T
0.0044 0.98734 0.0587 1.163 0.1117 1.935 0.(873 1.516"° 0.180 1.473 1.7500 1.3735 L
0.0067 0.89510 0.05383 1.206 0.1127 1.844 0.(898 1.507 0.164 1.467 2.0000 1.3720
6.0113 0.9800 0.0607 1.186 0.1148 1.770 0.CS05 1.474 0.170 1.458 2.2500 1.3702
0.0623 1.185 0.1180 1.682 0.C825 1.422 0.178 1.451 2.5000 1.3683
DATA SET 28 0.0643 1.204 0.1215 1.803 0.0953 1.357 0.186 1.444 2.7500 1.3683
T = 283.0 0.0663 1.248 0.1291 1.528 0.03882 1.324 0.194 1.438 3.0000 1.3640
0.0677 1.295 0.1458 1.463 0.1050 1.324 0.204  1.433 3.2500 1.3614
0.0924 1.66 0.0696 1.341 0.1771 1.420 0. 1068 1.366 0.216 1.427 "3.5000 1.3587
0.03850 1.56 0.0716 1.363 0.2214 1.397 0.1078 1.411 0.230 l1.422 3.7500 1.3558
0.03968 1.50 0.0742 1.347 0.3024 1.388 0.1087 1.492 0.242 1.418 4,0000 1.3526
0.03976 1.48 0.07486 1.341 0.1097 1.838 0.257 1.414 4.2500 1.3482
0.0891 1.51 0.0756 1.385 DATA SET 30 0.273 1.411 4.5000 1.3455
0.1034 1.77 0.0770 1.406 T = 293.0 " DATA SET 31 0.293 1.407 4,7500 1.3416
0.1071 2.03 0.0784 1.453 T = 293.0 0.312 1.404 5.0000 1.3374
0.1081 2.08 0.0805 1.485 0.0421 1.018 0.331 1.400 5.2500 1,3329
0.1087 2.10 0.0821 1.499 0.0430 0.977 0.8328 1.33 0.350 1.398 5.5000 1.3282
0.1088 2.08 0.0837 1.508 0.0438 0.957 0.373 1.395 5.7500 1.3232
0.1112 2.05 0.0861 1.479 0.0447 0.8937 DATA SET 32 0.398 1.393 6.0000 1.3179
0.1138 1.87 0.0873 - 1.454 0.0460 0.921 T = 293.0 0.422 1.3381 6.2500 1.3122
0.1181 1.87 0.0885 1.488 0.0478 0.815 0.445 1.330 6.5000 1.3063
0.1826 1.79 0.0885 1.520 0.0492 0.922 0.1780 1.45385 0.473 1.389 6.7500 1.3000
0.1303 1.63 0.0898 1.554 0.0512 0.934 0.1850 1.44797 0.494 1.388 7.0000 1.2834
0.1386 1.62 0.0918 1.591 0.0525 0.948 0.2536 1.41483 0.517 1.387 7.2500 1.2865

0.1488 1.57 0.0832 1.577 0.0536 0.871 0.2893  1.4073 0.541 1.387 7.5000 1.2732



TEBLE 38, EXPERIMENT

A n ' )\ n

DATA SET 37cccn7. ,DﬁTﬁ SET aa(conr.

7.7500  1.2715 0.0480 - 0.86

8.0000 1.263¢4 0.0471 ] 0.84

8.2500 . 1.2548 .0,0480° . 0.81

8.5000 1.24860 70,0492 - 0,78

8.7500. 1.23B7 70,0500+ . 0.78"

'9.0000 -1.2263 “0.0508 0.78.

R 0.0518 . 0.79

DATA SET 38 0.0532 . 0.82

ST =.293.0 0.0539.% ‘085

I T " 0.0553 . 0.89

0.0185 0,95 “0.0566 0,94 ..084

0.0190. 0.95. 0.,0574 0,93 +.0.088 v

0.0195: -0.96" 02,0584 . 1,08 . 0,0867 -1.40

0.0207 096 050593 1,13 ©0.0873 1.40

0.0221° 0.86° 0.0589 "1:18: 0.0887 1.2

0.0823 0.93 0.0607 - 1:24 0:08%0 1,19

0.0224° 0.90 9.0620 ~1.28° ©0.0904 1.19

10,0226 0.92" 040933 1,58

0.0226° 0.86 'unTn SET 39 0:0942 T 1.80

0.022¢ . 1.00 = 293, 0.0950 ©.1.59

06,0229 1.00 ‘ - E ~-0,0961 1.28

0.023F 0,96° 0.0459 0,84 0.0968 “1.19

0.0237 0.98 0.0468 .. 0.82 04,0975 1.17

0.024f 0.98 0:0482 " 0.79 +-0.0885  1:17

0.0250 0.95 0.04391  -0.78 0.1014 1,52

0.0261 0,95 040493 0,77 0.1044. .1.97

0.0281 0.94 040518 0,77 5 0.1054 2,00

0.0313 0.94 0.0527 . 0.79 0.1068 1.98

0.0348 0.95 0.0544 ' 0.81 ° 10,1185 1.50

0.0361 0.894 0.0558  '0.83

0.0368 0.92 0.0571 -~ 0.87 _ naTn SET 40

2.0376 0.8 0.0581 0.94 293..
).0387 0.9 0.0591 0.98 o
).0397  0.91 0.0598° - 1.02 0.0457 0.87
).0403° 0.92 0.06808  1.03 0.0470 0,84
).0416  0.92 0:0827 . 1:03 00486 0,81
.0424  0.8% 0.,0B50 . . 1.02 0.0500  -0.81
.0432 - 0.90 0.0663 - 1.01 0.0528 0:83

v.0441° 0.87 0.0677 1.03 '0.0521 .0.87

1,06 0.0802 0.91

0.0452 0:i87 ;'0 <0683

o
-
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TABLE 39, MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF MAGNESIUM FLUGRIDE (TENPERATURE'DEPENDENCE)
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T n
DATA SET I

A = 0.632
307.8 1.343
313.1 1.344
318.6 1.352
329.8 1.358
423.4 1.388
483.0 1.413
488.7 1.410
493,7 1.404
510.9 1.403
532.6 1.415

EXPERIMENTAL REFRACTIVE INDEX OF MAGNESIUH FLUORIDE (TEMPERATURE DEPENDENCE)
[HAUELENGTH, A, um; TEMPERATURE, T, K3 REFRACTIVE INDEXs nl

¥9T

N'H'H
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TABLE 41. MEASUREMENT INFORMATION ON THE TEMPERATURE DERIUVATIVE OF REFRACTIVE INDEX OF MAGNESIUM FLUORIDE (WAUVELENGTH DEPENDENCE)

DATA  REF. AUTHOR(S) YEAR METHOD MWAUELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO.  NO. USED  RANGE,um K
1 1B DUNCANSON, A, 1958 D 0.40,0.70 301 SYNTHETIC CRYSTAL: GROWN BY THE STOCKBARGER TECHNIQUE:
STEUENSON, R. M. H. PRISHATIC SPECIMEN: PEAR 60 DEGREE APEX ANGLE, 25MMX27MM

UIEH SURFACE: REFRACTIUE INDEX DETERMINED BY DEVIATION
METHOD: DN-/DT DETERMINED FOR ORDINARY RAY OF 2 SPECTRAL
LINES SPECTRAL LINES USING THE INDICES MEASURED AT 292 AND
310Ki DATA EXTRACTED FROM A TABLE.

2 18 DUNCANSON, A, 1958 1] 0.40,0.70 304 SIMILAR TO ABOVE BUT FCR EXTRACRDINARY RAY.
ET AL.

99T

IMT'H'H
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| TABLE 42. EXPERIMENTAL TEMPERATURE DERIVATIUE OF REFRACTIVE INDEX OF MAGNESIUM FLUORIDE (WAVELENGTH DEPENDENCE:
IWAVELENGTH, A» Umé TEMPERATURE, T» K TEMPERATURE DERIVATIVE OF REFRACTIVE INDEX, dn/dT, 10 °K '1
A dn/dT : R ' .

T = 301.0

0.4047 2.3
0.7085 1.9

DATA SET 2
T = 301.0

0.4047 1.7
0.7065 1.0

DATA SET 1

SIQIVH H1¥V3 INMVXTV 40 X3ANI JALLOVHTY
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BIREFRINGENCE, 107>

M0

10.0 —

6.0 —

2.0 +—

v ' CURVE SYMBOL
-2.0— ! e

[ R RN}
X + D> G

-10.0 — T

-14.0 —

-18.0 —
} i

llllllll_ 1 1 RN 1 1 [ N I T I

*
-22.0 ! P10 g i
! 2 3 4 5678310°

1072 2 3 4 55'78910_1 2 3 4 58789100 2 3 4% 56783910
WAVELENGTH, MICROMETER

FIGURE 25. BIREFRINGENCE OF MAGNESIUM FLUGRIDE (WAVELENGTH DEPENDENCE)

89T

M'H'H



0861 ‘L *ON ‘6 "IoA '2i0Q 30 "Wy 'sA

| TABLE 43. MEASUREMENT INFORMATION ON THE BIREFRINGENCE OF MAGNESIUM FLUORIDE (WAUELENGTH DEPENDENCE)

paTA

YEAR HETHDD. WAVELENGTH - TEMP.

© REF. . AUTHOR(S) -~ spzcxrichioNs AND. REMARKS
SET NO. - NO. PR .~ RANGE, Um E : CLTE
1 ' 85 CHANDRASEKHAREN,U. 1968 ©0.15-0.34 - 293 .SYNTHETIC CRYSTAL: P_ATE SPECIMEN: 0.493MM ~THICK:
: DAMANY: H. : BIREFRINGENECE DETERMINED BY. INTERFERENCE METHOD. FOR 30
) S ¥ SPECTRAL LINES: DATA EXTRACTED FROM A TABLE. v
2 86  PALIKSE.D. 1968 0.20-8.50 293 SYNTHETIC CRYSTAL: OBTAINED FROM OPTOUAC INC.: PLRTE
, : . : SPECIMEN: ‘2.040CMM2.040CH AREAS 0.3252CH . THICK: -
BIREFRINGENCE DETERMINED BY POLARIZATION METHOD: -DATA
EXTRACTED FROM A SYOOTH CURVE: TEMPERQTURE nor crusn. 293K
ASSUMED. ‘ :
3 87 CHANDRHSEKHAREN»U. ‘1869 - 0.12-0,18 293 SYNTHETIC CRYSTAL: OSTAINED FROM OPTOUACH INCs: PLATE :
© DAMANYsH. . SPECIMEN: 0.493MM  THICK: CUT WITH OPTIC AXIS PARALLEL TO
THE ‘SURFACE -AND POLISHED; REFRACTIVE INDEX DETERMINED BY
- INTERFERENCE PATTERN OF CHANNEL SPECTRA; DATA EXTRACTED
_ FROM A TABLE: TEMPERATURE NOT GIVEN, 293K ASSUMED. '
4 87 -EHngnRQSEKHAREH.u. 1368 0.11-0.17 293 SIMILAR TO ABOUE BUT FOR A SPECIMEN OF 0.033MM “THICK.
’ T AL. . : o : -
5 .88  MODINEsF.A.. 1975 - 0.24-0,70 293 'SINGLE CRYSTAL: PLATE SPECIMEN: 0.083CH THICK: BIREFRINGENCE
: MAJOR, R. W, : DETERMINED BY A HIGH FREGUENCY.MODULATION METHOD ‘UTILIZING
SONDERs E. A PHOTOELASTIC POLARIZATION MODULATOR: DATA EXTRACTED FROM

A FIGURE: TEMPERATURE NOT GIVEN, 293K ASSUMED.

SIANVH H13VE INITVNTV 40 X3ANI JAILDVATS
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A

An

DATA SET 1
T = 283.0

0.15007
0.153¢5
0.15632
0.159%2
0.162E0
0.165¢8
0.16922
0.17265
0.176(8
0.17867
0.18341
0.18753
0.18157
0.185838
0.200E5
0.20576
0.21102
0.21667
0.22232
0.22833
0.23613
0.24354
0.25221
0.26088
0.27030
0.28124
0.28352
0.30632
0.31985
0.33531

14,307
14.821
14,275
14,237
14.183
14,140
14,073
14.008
13.930
13.843
13,765
13.694
13.600
13,516
13.431
13.356
13,269
13.184
13.1:3
13.025
12.935
12.865
12,790
12.700
12.6!1
12,551
12.503
12.427
12.327
12.242

DATA SET 2
T = 293.0

0.1972
0.2046
0.2177
0.2285
0.2421

13.40
13.25
13.08
i2.98
12.77

TABLE 44.

A
DATA SET

0.2535
0.2654
0.2735
0.2951
0.3090
0.3243
0.3451
0.3715
0.4083
0.4415
0.4808
0.5116
0.5482
0.5302
0.8531
0.7063
0.7655
0.7961
0.8708
0.8332
1.0000
1.0715
1.1378

o 1l.2274

1.3335
1.4158
1.5524
1.6788
1.8535
2.0464
2.1478
2.2646
2.4099
2.5644
2.7227
2.9444
3.1550
3.4594
3.6141
3.8185

EXPERIMENTAL BIREFRINGENCE OF MAGNESIUM FLUORIDE (WAVELENGTH DEPENDENCE)
[WAUELENGTHs 4» ums TEMPERATURE» T» K: BIREFRINGENCE, Ans 107%13

An
2(CONT.)

. 12.68

12.53
12.46
12.41
12.30
12.21
12.10
12.03
11.84
11.88
11.85
11.82
11.78
11.71
11.68
1l.62
i1.62
11.57
11.50
11.44
11.44
11.45
11.40
11.40
11.40
11.32
11.32
11.24
11.21
11.14
11.11
11.11
11.04
10.87
10.81
10.70
10.60
10.41
10.27
10.02

A

DATA SET 2(CONT.)

4.0926
4,4567
4.8866
5.1525
5.4327
5.7544
6.0117
6.3387
6.5918
§.8709
7.0636
7.4822
7.7627
7.8617
8.0912
8.2785

An

9.75
8.41
8.84
8.53
8.22
7.81
7.31
6.75
6.34
5.76
S.a22
4.48
3.73
3.26
2.76
2.31

DATA SET 3
T = 283.0

0.12028
0.12037
0.12050
0.12058
0.12073

.0.12087

0.12100
0.12120
0.12132
0.12144
0.12160
0.12172
0.12187
0.12202
0.12221
0.12238
0.12256
0.12277
0.12295
0.12315

1.952
2.197
2.442
2.681
2.939
3.187
3.436
3.688
3.937
4.188
4.440
4,691
4.944
5.200
5.454
5.708
5,966
6.226
6.484
6.744

A

DATA SET 3(CONT.?

0.12338
0.12350
0.12384
0.12408
0.12436
0.12463
0.12493
0.12524
0.12558
0.12585
0.12634
0.12674
0.12722
0.12772
0.12826
0.12833
0.12871
0.13058
0.13155
0.13228
0.13505
0.14532
0.14846
0.15295
0.15618
0.15840
0.16260
0.16578
0.16806
0.17243
0.17530

An

7.007
7.265
7.536
7.803
8.072
8.342
8.616
8.891
9.170
9.453
3.738
10,026
10.322
10.622
10.927
11.245
11.577
11.912
12.274
12.611
13,148
14,149
14.249
14,271
14,257
14,226
14,182
14.123
14.080
13.990
13.815

DATA SET 4
T = 293.0

0.11488
0.11502
0.11521
0.11536
0.11558

-20.851
'19.?45
-18.542
-17.328
-16.122

A

DATA SET 4(CONT.)

0.11575
0.11595
0.11618
0.11644
0.11668
0.11633
0.11718
0.11752
0.11782
0.11821
0.11856
0.11801
0.11848
0.12001
0.12058
0.12135
0.12215
0.12318
0.12447
0.12613
0.12861
0.13423
0.14720
0.16480

Dﬁ;ﬂ SET S

An

-14.803

~13.685
~12.467

-11.244
-10.016
-8.782
~7.544
-6.309
-5.057
~3.805
-2.544
1.277
0.0
1.288
2.588
3.907
5.242
6.608
8.013
8.474
11.038
12.862
14,215
14,148

283.0

0.2457
0.2493
0.2538
0.2583
0.2638
0.2688
0.2732
0.2785
0.2857
0.2306
0.2984
0.3048

12.860
12.821
12.779
12,735
12.688
12.648
12.808
12.568
1z2.528
12.488
12.447
12.407

A An
DATA SET S(CONT.)
0.3125 12.374
0.3194 12.333
0.3283 12.295
0.3389 12.265
0.3460 12.225
0.3571 12.195
0.3663 12.153
0.3831 12.116
0.3968 12.085
0.4098 12.051
0.4237 12.017
0.4385 11.930
0.4566 11,853
0.4761 11.836
0.49¢26 11.3805
0.5181 11.876
0.5405 11.851
0.5681 11.826
0.5952 11.801
0.6250 11.774
0.6578 11.757
0.7042 11.736

043
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TABLE 45." COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR MgF,

Source ‘ R Wa{zelen.gih'and""‘ ©° " " Dispersion Equation: -

e .. Temperature Ranges ) o iaainpgms pin cm‘iv_ .
‘Duncanson, ‘A. and . ° C0.40-0.T0uw ‘n=1. 36957+k—35i,—2—§§—5' for ordinary ray,
‘Stevenson, R« W.H.". 294K - o : e : Ce
1988 © B y 37,415

n‘= 1..:381.00»-1- m for g.xtx__-apzv'_c}mary ray.
e i _— . 1.3515520 x 1073 2,1254394 x 10-4
f:’?iman Kodak:Co, ;égé.Oum B =1.8776955 + - " -0.028 + TN -0.028)2 "
- 1.5041172 x 1073 A2 - 4. 4109708 x 10°6 04
for IRTRAN 1.,
oo . o 4 = 1 omemq s UsB096TAZ . 0.00800 X2 . 2,14973 )2
113;':75ent work g;;ésxlo. 0 pm né = 1,27620 + - (0. 086367 T (18.02 TN —(25.0)7
i for ordinary ray,
;- "0, 66405 )2 1.08987 A2 _0.18159°AZ
n? = 1.25385+.>\2 =70, 08504)2 * 3T = (22.2)? - (24172-1-
%}53 for extraordinary ray,
= 179079 & 010822 A2 2. 78138 X2

Y3
r N - (0.16733)F ¥ XT - (25.54)%

‘for IRTRAN 1,

J. Phys. Chem. Ref. Data, Vel. 9;:Ne. 1, 1980
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3.5. Calcium Chloride, CaCl; sented for comparison. As the refractive index was measured
only for the single spectral line (0.589 micrometer) and the ma-
terial is not suitable for optical applications, data analysis and
data prediction were not attempted.

Available data on the refractive index of calcium chloride are -
given in tables 46 and 47, and are plotted in figure 26, where
data for hydrated calcium chloride and molten salt are also pre-

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980
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TABLE 46. MEASUREMENT INFCRMATION ON THE REFRACTIVE INDEX OF CALCIUM CHLORIDE (WAVELENGTH DEPENDENCE)

N'H'H

DATA REF. AUTHOR(S) YEAR METHOD WAVELENGTH TEMP. SPECIFICATIONS AND REMFRKS
SET NO. NO. ~ USED RANGE, im K
1 B2 WILFFsP, 1931 M 0.589 298 WATER FREE FRAGMENTS OF SINGLE CRYSTAL: REFRACTIVE INDEX
HZIGLs A, DETERMINED BY IMMERSION METHOD FOR THE MEAN OF SODIUM D :
LINES; MAXIMUM UALUE OF REFRACTIVE INDEX WAS DETERMINED FOR
THIS BIREFRINGENT MATERIAL; DATA EXTRACTED FROM A TABLE:
UNCERTAINTY OF INDEX 0.002.
2 62 WULFFs P, 1931 M 0.589 298 SIMILAR TO ABOVE BUT FOR MINIMUM REFRACTIVE INDEX:
ET AL. UNCERTAINTY OF INDEX 0.002.
3 83 HULFF, P, 1934 P 0.588 298 CRYSTAL OF TETRA~HYDRATED CALCIUM CHLORIDE WITH UNKNOWN
SCHALLER, D. STRUCTURE; REFRACTIVE INDEX DETERMINED BY A PULFRICH
REFRACTOMETZR METHOD FOR THE MEAN OF SODIUM D LINESS
MAXIMUM UALJE OF INDEX OBTAINED: DATA EXTRACTED FROM A
v TABLE: UNCERTAINTY OF INDEX AT THE THIRD DECIMAL PLACE.
4 83 WILFFsP. 1934 P 0.589 298 SIMILAR TO ABJVE BUT FOR MINIMUM UALUE OF INDEX: UNCERTAINTY
ET AL. : ) OF INDEX AT THE THIRD DECIMAL PLACE.
S 83 WJLFFs P, 1934 P 0.583 298 CRYSTAL OF HEKA-HYDRATED CALCTUM CHLORIDE WITH HEXAGONAL
ET AL. STRUCTURE: REFRACTIVE INDEX DETERMINED BY A PULFRICH
REFRACTOMETER METHOD FOR THE MEAN OF SODIUM D LINES: INDEX
OF ORDINARY RAY OBTAINED: DATA EXTRACTED FROM A TABLES
UNCERTAINTY OF INDEX 0.001.
6 89 HWILFF,P. 1934 P 0.583 298 SIMILAR TO ABJVE BUT FOR EXTRAORDINARY RAY: UNCERTRIHTY oF
ET AL, INIEX 0.001.
7 80 MARCQUX, J. 1871 F 0.4-0.7 . 1045 MOLTEN SALT: UYCOR TUBE FILLED WITH THE MELT FORMED A

CYLINDRICAL LENS; REFRACTIVE INDEX LETERMINED BY FOCAL
LENGTH DETEIMINATION METHOD FOR 4 SFECTRAL LINES: DATA
EXTRACTED FROM A TABLE: UNCERTAINTY OF INDEX 0.00S.
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3.6. Strontium unloride, SrCl,

The structure of SrCl; is of the CaF type. The space group is
O;2. There has been considerable interest in SrClz, CaF2, BaFz,
and SrFz. One of the reasons for this interest is that these crys-
tals are nearly ideal host lattices for paramagnetic ions. Many
electranic excitation and magnetic resonance experiments have
-been performed on rare earth ions and other ions in these mater-
ials. For some of these investigations, the host lattice was SrCls.
It is of some importance to study the optical properties of pure
strontium chloride.

SrClz single crystals are highly hygroscopic. The hydrated
form SrClz-Hz0 readily comes into being when SrClz crystals
are exposed to air. Special precautions are necessary when
growing the crystals, and preparing and storing the samples.
The crystals can be grown in an inert gas atmosphere by the
Czochralsky method. Grinding and polishing the sample sur-
faces can be accomplished with an abrasive dispersed in a water-
free organic liquid. For storage the material should be immersed
in a waterfree organic liquid, such as paraffin oil.

Direct measurement on the refractive index of SrCly was re-

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980

ported by Wulff and Heigl [62] for only a single spectral line at
0.589 micrometer, as given in tables 48 and 49, and figure 27,
where the refractive index of hydrated strontium chloride is also
listed for the purpose of comparison. This single value is prob-
ably the only directly measured value available. Another inves-
tigation on the refractive index was carried out by Droste and
Geick [91], in which the refractive index was deduced from the
reflection spectrum by Lorentz theory. As the available data is
very scanty and the material is not suitable for optical applica-
tion, no attempt was made at data analysis and data prediction.
We present only the available raw data as shown in tables 48 and
49, and the following related properties: '

€ = 7.55,
€= 2.86,
Vo = 138 em™?,

and Vio = 223 cm™ 1,

The above valucs were taken from [91].
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TABLE 48. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF STRONTIUM CHLORIDE (HAUELENGTH DEPENDENCE)

N'H'H

DATA REF. AUTHOR(S) YEAR METHOD WAVELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NG. USED RANGEy um
1 82 WULFFsP. 1931 M 0.589 288 SINGLE CRYSTAL; 1-2 MM FRAGMENTS; OBTAINED FROM COOLING THE
HEIGL»A. MELT: REFRACTIUE INDEX DETERMINED BY IMMERSION METHOD FDR
THE MEAN OF SODIUM D LINES: IATA EXTRACTED FROW A TABLE:
UNCERTARINTY OF INDEX 0.00003.
2 62 WULFF,P. 1831 P 0.589 298 CRYSTAL OF DI-HYDRATED STRONTIUM CHLORIDE OF MONOCLINIC
ET AL. STRUCTURE: REFRACTIVE INDEX IETERMINED BY A PULFRICH
REFRACTOMETER METHOD FOR THE MEAN OF SODIUM D LINES:
REFRACTIVE INDEX FOR RAYS ALONG A-AXIS OBTAINED: DATA
EXTRACTED FROM A TABLE: UNCERTAINTY OF INDEX 0.0002.
3 62 HULFF,P. 1931 P 0.583 298 SIMILAR TO ABOVE BUY FOR RAYS ALONG B~AXIS: UNCERTAINTY OF
ET AL, INDEX 0.0004.
4 g2 WULFF,P. 1831 P 0.588 238 SIMILAR TO ABOUE BUT FGR RAYS ALONG C-AXIS: UNCERTAINTY OF
ET AL, . INDEX 0.0001.
S g2 HULFF, P, 1931 P 0.588 298 CRYSTAL DF HEXAR~HYDRATED STRONTIUM CHLORIDE OF TRIGONAL
ET AL, - . STRUCTURES REFRACTIVE INDEX DETERMINED BY A PULFRICH
REFRACTOMETER METHOD FOR THE MEAN OF SODIUM D LINES: DATA
EXTRACTED FROM A TAELE: UNCERTAINTY OF INDEX 0.00003:
REFRACTIVE INDEX FOR ORDINARY RAY GBTAINED.
6 62 WULFF,P, 1931 P 0.589 298 . SIMILAR TO ABOUE BUT FOR EXTRAORDINARY RAY: UNCERTAINTY OF
ET AL. : INDEX 0.0003.
4 91 DROSTER. 1874 R 25~250 300 SINGLE CRYSTAL: GROWN BY A CZOCHRALSKY METHOD: ANEALED AT
. 923K FOR 24 HOURS: REFRACTIUE INDEX DEDUCED FROM REFLECTION

GEICK,R.

SPECTRUM WITH LORENTZ THEORY: DATAR EXTRACTED BY EUQLUATING
A GIVEN EQUATION.






280 H. H. LI

3.7. Barium Chloride, BaCl; parison. As the refractive indf,x was measured only for the single

Available data on the refractive index of barium chloride are spectral line 0.589 micrometer, and the material is not suitable

given in tables 50 and 51, and are plotted in figure 28, where for optical application, data analysis and data prediction were
data for hydrated barium chloride are also presented for com- not attempted.

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980
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TABLE 50. MEASUREMENT INFORMATION ON THE REFRACTIVE INDEX OF BSRIUM CHLORIDE (HAVELENGTH DEPENDENCE)

AUTHOR(S)

DATA REF. YEAR METHOD WAUELENGTH TEMP. SPECIFICATIONS AND REMARKS
SET NO. NO. USED RANGE»s Um K
1 82 WULFFsP, 193t P 0.589 298 BIAXIAL CRYSTAL: PRODUCED BY SLOMLY COOLING OF THE MELT;
HEIGL»A. . REFRACTIVE  INDEX DETERMINED BY A PULFRICH REFRACTOMETER FOR
THE MEAN OF SODIUN D LINES ALONG A~AXIS: DATA EXTRACTED
FROM A TABLE: UNCERTAINTY OF INDEX 0.00015.
2 82 HULFFsP. 1931 P 0.589 298 SIMILAR T0 ABOVE BUT FOR RAYS ALONG B-AXIS: UNCERTAINTY OF
E . INDEX 0.00015.
3 B2 WULFFsP. 1931 P 0.589 298 SIMILAR TO0 ABOUE BUT FOR RAYS ALONG C-AXIS: UNCERTAINTY OF
ET AL. INDEX 0.00015,
4 62 WULFF,P. 1931 P . 0.589 298 CRYSTAL OF DI-HYDRATED BARIUM CHLORIDE OF MONOCLINIC
ET AL. STRUCTURE: REFRACTIVE INDEX DETERMINED BY A PULFRICH
REFRACTOMETER FOR THE MEAN OF SODIUM D LINES ALONG A-AXIS:
DATA EXTRACTED FROM A TABLE: UNCERTAINTY OF INDEX 0.00006.
S 62 WULFF»P, 1931 P 0.589 298 SIMILAR TC ABOUE BUT FOR RAYS ALONG B-AXIS: UNCERTAINTY OF
ET AL. INDEX 0,00010. .
t
3] 62 WULFF.P, 1931 P 0.589 298 SIMILAR TC ABOVE BUT FOR RAYS ALONG C-AXIS: UNCERTAINTY. OF
ET AL. INDEX 0.00010.

8t

NN'H'H
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4. Conclusions and Recommendations

Experimental data on the refractive index of alkaline earth
halides and its temperature derivative are exhaustively sur-
veyed and reviewed. In addition, values of physical properties
which are related to the dispersion phenomena are selected from
the open literature.

Of the twenty alkaline earth halides, only the four fluorides
{MgF2, CaF2, SrF2, and BaF:) are suitable for optical applica-
tions; others are either physically inadequate or chemically too
unstable for utilization. As a consequence, available data on the
refractive index and its temperature derivative largely concern
the four fluorides.

The purpose of the present work was to survey and compile
the available data and 10 generate recommended values of the
refractive index and its temperature derivative for alkaline earth
halides. We have generated recommended values for the four
fluorides (as shown in figures 29, 30, and 31). The state of
knowledge on the refractive index of this group of materials is
also presented.

J. Phys. Chem. Ref. Data, Vol. 9, No. 1, 1980

The technology related to high-power infrared lasers is pro-
gressing rapidly and, consequently, there is an increasing need
to determine the effects that exposures to high-power light
beams have on materials. Among other things, refractive indices
at elevated temperatures are needed. Unfortunately, an exhaus-
tive survey of the open literature, as in the present work, shows
that refractive indices as a function of wavelength are only avail-
able near room temperature. Measurements on the refractive
index at higher temperatures are limited 1o a few wavelengths.
In a few cases, the temperature derivative of the refractive index
has also been measured in the vicinity of room temperature.
Even though it is clear that high temperature data are lacking,
recent measurements reported in the open literature were still
carried out at near room temperature. Consequently, our basic
knowledge of the refractive index at high temperatures is still
scanty. For the purpose of providing data useful to modern
science and technology, as well as for the future development of
optical devices, a well planned and systematic program of meas-
urement of the refractive index of selected materials over a wide
range of temperatures and wavelengths is highly recommended.
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