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Refractive index data for 20 alkali halides are exhanstively snrveyed, compiled. and analyzed.
The most probable values at 293 K for the transparent region are generated for the materials for which
experimental data are sufficiently abundant and reliable. Provisional values are also provided for the
wavelength regions where available data are insufficient or missing. Reasonable estimations of refrac-
tive index for the very scantily measured materials were made by incorporating the dielectric constants
and wavelengths of absorption peaks into a simplified dispersion equation. Temperature derivatives
of refractive index for most of the alkali halides were unavailable. However, using the existing data
for the five most commonly used alkali halides, novel empirical facts were discovered and dn/dT for-
mulas were constructed for all of the alkali halides. The calculated dn/dT values agree remarkably well

with the existing experimental data.
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1. Introduction

The purpose of this work is to present and review
the available data and information on the refractive
index of alkali halides, to critically evaluate, analyze,
and synthesize ! the data, and to make recommendations

ed to connote the prediction. derivation. or estimation of data based on sound

i clated eaperimental cvidence.
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for the most probable values of the refractive index, its
wavelength derivative dn/dA, and temperature deriva-
tive dn/dT.

The recommended and provisional values generated
cover the widest possible transparent wavelength ranges
and are for the purest form of alkali halide for which
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measurements have heen made. However, for the
materials which have been verv scantily measured or
have not been measured at all, reasonable estimations
are made for wide wavelength ranges.

The introductory text describes the general pro-
cedures and methods for the evaluation and synthesis
of the available data and for the generation of recom-
mended values. It also discusses the present status of
the experimental data and other considerations con-
cerning 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 and the refractive index are described. An
important result in this work is the discovery of empir-
ical relationships which enable us to calculate dn/dT
data at 293 K for some materials on which no data are
available.

In the data presentation section we treat each material
separately, review the individual pieces of available
data and information, and describe the considerations
involved in arriving at the final assessment and recom-
mendation and the theoretical guidelines or semi-
cpitical cotrelations vn which the data analysis and
synthesis are based. Figures and tables following the
discussions present the recommended values, in addi-
tion io the original data, specimen characterization,
and measurement information for the 283 sets of the
data extracted from 100 documents in the primary liter-
ature. Distribution of the available data sets is shown in

table i.
In the conclusion, figures are presented in which all

the recommended curves on the refractive index, dn/dA

TABLE 1. AVAILABLE EXPERIMENTAL REFRACTIVE INDEX DATA AND
ITS TEMPERATURE DERIVATIVE

n dn/dT

Data T ran\:svpart'mt Region Quality Data Transparent Region Quality

Sets avelengih of Data Sets Wavelength f

Coverage Coverage of Data

LiF 47 wide range good 3 fair range poor
LiC1 2 two wavelengths poor - -
LiBr 2 two wavelengths poor - - -
Lii 1 single wavelength poor - - -
NaF 15 wide range good 2 fair range poor
NaCl 49  wide range good 10 fair range fair
NaBr 5 limited to 0.2-0.67 ym  fair - - -
Nal 1 single wavelength poor - - -
KF 5 limited t0 0.21-0.59 ym fair - - -
KC1 38  wide range good 8 fair range fair
KBr 27 wide range good 5 limited to <1 um poor
K1 21 wide range fair 2 limited to <1 ym poor
RbF 1  single wavelength poor - - -
RbCl1 3  limited to 0.19-0.66 ym fair 1 single wavelength  bad
RbBr 2 limited to 0.21-0.66 ym fair - - -
Rbl 3 limited to 0,16-0.66 pm fair - - R
CsF 1 single wavelength poor - - -
CsCl 6  limited t00.22-0.67 ym fair - - -
CsBr 8 wide range good 1 wide range average value
Csl 13 wide range good 1 wide range fair

and dn/dT are grouped for visual comparison. The
complishments in this work are discussed and the need
for further measurements is suggested.

The last section consists of the source references used
in the extraction of data and/or information. Only orig-
inal sources of data have been used in the analysis. The
cffective cut-off date for literature resecarch was March
1975, while the earliest referenced source was dated
1874. With such a comprehensive compilation of infor-
mation and presentation of results, the author believes
that any scientist or optical engineer will find this report
a great help in regard to refractive index and its tempera-
ture derivative.

For a transparent material, the refractive index, n,
is defined as the ratio of the velocity, ¢, of electromag-
netic radiation in vacuum to the phase velocity, v, of the
same radiation in the material, i.e.,

n=clv. (1)

Since the index of refraction of air is only about 1.0003,
n is conventionally measured with respect to air instead
of vacuum and no correction is made.

In non-absorbing media, the refraciive index is a real
quantity, while in absorbing media a complex index of
refraction, &V, is used. The complex index is defined as

N=n+ix, (2)

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 imaginary parts of the complex

diclcetric constant of the material, i.c..
=¢e +iea=N>= (n?— k) + i2n«. {3)

The dispersion in an optical material is intimately re-
lated to the microscopic structure of the material. On
the short wavelength side, transmission is restricted by
electronic excitation, and for long wavelengths by molec-
ular vibrations and rotations. The width of the trans-
parent spectral range increases as the energy for elec-
tronic excilalion is increased and that for molecular
vibrations decreased. Theoretical and experimental
studies on the jonic crystals indicate that crystals having
small ions with strong bonding have a wide ultraviolet
transparency; this is true for alkali halides.

The alkali halides are typical ionic compounds and
their physical properties are in general well under-
stood. The majority of the alkali halides crystallize
in the rock salt sturcture in which each cation (alkali
metal ion) is surrounded by six nearest-neighbor anions
{halogen ions), and each anion by six nearest-neighbor
cations. The cations and anions are each situated on
the points of separate face-centered cubic lattices, and
these two lattices are interleaved with each other.

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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This type of crystal is called the g-form. A few of the
alkali halides normallv crvstallize in a slightly dif-
ferent arrangement, typified by the room-temperaturc
structure of cesium chloride. In this structure, each
cation is surrounded by eight nearest-neighbor anions
and conversely. The cations and anions in this structure
may be considered to occupy respectively the points
of two interpenetrating simple cubic lattices. This type
of crystal is called the a-form. A few physical properties
of alkali-halide crystals are listed in table 2.

in order to utilize any dispersive medium, spectro-
scopists must have a knowledge of the index of refrac-
tion and dn/d\ for all wavelengths transmitted by the
medium. Such data are also useful to physicists for
evaluating theoretical dispersion equations and for
studying the forces between the constituents of the
crystal. The alkaline halides, having the cubic structure,
are favorable subjects for such studies.

In figure 1, we show a schematic view of the absorp-
tion spectrum of a typical alkali-halide crystal. At the
right (~ 40 wm) are seen the absorption peaks associated
with optical phonons while nearer to the left (~ (.15
um) are seen the absorption peaks associated with
excitons. In the transpareni region between these
extremes the crystal absorbs little light and has a dis-
persion which can be characterized by a high-frequency
dielectric constant ,, = ng, where n, is the refractive
index at short wavelength. 1n 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 wavelengths) and the use of the Kramers-
Kronig relation - or the Lorentz oscillator model. In
optical technology, the refraciive index is needed only
for the transparent region of the material. One does
not have to carry out a complicated analysis and
calculation to obtain the refractive index. Direci
methods are available for high precision measure-
ments. The minimum deviation method is usually used
to obtain the refractive index to the fourth decimal
place, and the interfercncc method to the third.

ABSORPTANCE

Although alkali halides are, in principle. good optical
materials, only five of them (LiF, NaCl, KCl, KBr and
Csl) arc commonly uscd becausc the others lack me-
chanical strength or are chemically or thermally
unstable.

The applications of high-power infrared lasers, which
are now being developed at a rapid rate, are parily lim-
ited 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 win-
dow and dome materials in the wavelength region of
2 wm to 6 um and near 10.6 um. The alkali halides have
large transmission ranges spreading from the ultra-
violet 1o the infrared and are available in large sizes and
high purity. They are excellent materials for photo-
chemists who are interested in ultraviolet transparency
and for laser scientists who are concerned with intrared
iransmission. In spite of their intrinsic weaknesses, they
are considered good window materials and are recom-
mended by the National Materials Advisory Board [1]2.
Efforts are being made to improve their mechanical
strength and thermal endurance without altering their
optical properties, particularly the refractive index.

The refractive index ot alkali halides and its tem-
perature derivative have been surveyed and studied
from time to time by a number of investigators, in-
Ballard [3], Coblentz {4], and
Winchell [5], to name just a few. Refractive index data
are compiled in a number of handbooks such as those
sponsored by Landolt-Bornstein [6], AIP [7], and CRC
[8], 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 maior aims: (1)

cluding Smakula [2].

to exhaustively search the open literature so that a com-
plete comphehensive bibliographic reference is com-
piled. and (2) to generate recommended values based on
the existing experimental data on the refractive index

*Figures i brackews indicae lerasure references ar ihe end of this paper.

O.1 i

WAVELENGTH, A, Lm

FIGURE 1. Absorption Spectrum of a Typical Alkali-Halide Crystai
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sid o st e devivative, dnldT so that critically
cvatited nuwmerical data are available for scientific and
cngIineering use,

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. Unfortunately, the temperature derivatives
of refractive index for alkali halides are in general either
only partially measured or not available. Therefore, it
is highly desirable to reduce the existing refractive
index data and present them ai a uniform reference
temperature. It is also imporiant that the temperature
derivative of refractive index be made available in
the form of a function of wavelength constructed from
existing dn/dT 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 analyze the daia on the temperature derivative
of refractive index. With the analyzed values of dn/
dT, all the refractive index daia were then reduced
to the reference temperature of 293 K chosen for the
present work. The corrected data were then subjected
to evaluation and critical selection. Least-squares
fitting of the selected data to a given equation was then
carried out.

Recommended values for refractive index and the
corresponding wavelength and temperature derivatives,
dnfd\ and dn/dT, are calcnlated from the correlating
equations where sufficient experimental values are avail-
able. However, for the region where experimental
evidence is either insufficient or poor, only provisional
or typical values are provided. Data are presented at
integral wavelengths with small increments for the
transparent region. Intermediate values can be obtained
by the following linear interpolations:

B = s +(§—Z>k(>\'—>\),

nyr= n,\r—f-(g%),\(T'—T).

The second expression in eq (4) is based on the fact
that dn/dT is relatively independent of temperature
over a fairly wide rauge of temperatures. However,
the application of this expression should be limited to
the temperature range 293+ 50 K.

No attempt was made to analyze the refractive index
data obtained at temperatues other than near room
temperature, since the required data are generally
inadequate. However, information and results belonging
to this category are listed along with those at room
temperature for the purpose of comparison and com-
pleteness. Moreover, some of the imporiant physical
parameters essential for the calculation of refractive

J. Phys. Chem. Ref. Date, Vol. 5, No. 2, 1976
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indices at low temperatures is also given in a latter
section.

Inherent in the character of this work is the fact
that we have drawn most heavily upon the scientific
literature and feel a debt of gratitude to the authors
whosec results have been usced.

2. Theoretical Background and Empirical
Relations

The study of the propagation of light through matter,
particularly 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 eleciro-optical and magneto-optical effects.
Many of the vptical properties of solids can be under-
stood on the basis of classical electromagnetic theory.

The macroscopic eleciromagnetic state of matter at
a given point is described by four guantities:

(1) The volume density of electric charge

(2) The volume density of electric dipoles, called the

polarization

(3) The volume density of magnetic dipoles, called

the magnetization :

(4) The electric current per unit area, called the cur-

rent density
All of these quantities are considered to be macro-
scopically averaged in order to smooth out the micro-
scopic variations due to the atomic makeup of matter.
They are related to the macroscopically averaged elec-
tric and magnetic fields by the well-known Maxwell
equations [114].

Detailed discussion 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 a wave function for electric or magnetic field. In the
treatment of the interaction of light and matter, the light
is considered as an oscillating electric field that engulfs
the component molecules of matter. Each of the mole-
cules may be considered to be a charged simple har-
monic oscillator. When these component oscillators are
driven by the engulfing electric field of light they be-
come excited by that field and emit Huygens-like spheri-
cal wavelets. In the early develepment of the theory of
propagation of light in matter, there was no practical
alternative to treating the matier as a collection of
charged harmonic osciilators subject, perhaps, to damp-
ing 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 employed in the discussion of refractive indices.

In this section, only a brief review of the theoretical
background on the refractive index and its temperature
derivative is given. A two-oscillator model is used to
estimate the refractive index for those materials on
which the index is available only at a single wavelength.
Effort was largely concentrated in finding means for ee-
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timating the dn/d7 data for the materials without avail-
able data. Empirical evidence was found and formulas
were constructed and used to make reasonable estimate

for dn/dT.

2.1. Refractive Index

Maxwell’s theory gives the relationship
nt=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 radiation of various wavelengths A;, one
can derive [114] the equation

R Cih?
GEEf Ce vy ©
! 1

where \ is the wavelength of the incident radiation,
and ¢; is a constant which depends on the number
of oscillators per unit volume and the “oscillator
strength” of the oscillators resonant 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 be-
lieved that the dispersion formula of the Sellmeier
type best fits the alkali halides. The consequence of
this was that most of the early experimental workers
adopted eq (6) with the Ajs and cis as adjustable
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
information concerning the position of absorption band,
oscillator strength and the dielectric constant for static
field, e,.

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

aih? bi\2
e=m=1+Y G mt o5 )
i i J J

Terms in the first summation are contributions from
the ultraviolet absorption bands and those in the second
from the infrared absorption bands. In the infrared
region, however, the A{s of UV absorption peaks are
much less than A and eq (7) is reduced to

biN?
€ = Eup + E F:XJZ) (8)

where e =1+ ai=€,— > bjis the high-frequency
dielectric constant.

Real crystals are neither perfectly linear dielectrically,
nor are they perfectly harmonic. The effect of non-
linearity and anharmonicity is to introduce a damping
term [13]. Equation (8) is extended to become

. biN®
e=€,+L52=euv+E e (9)
i

- }\J? - i')/j}\

Equation (9) is widely used in investigating the infrared
optical properties of ionic crystals [14-16]. In the
transparent wavelength region, the effects contributed
from 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:

a;\? biN?
w=A+Y 55+ aow (10)
2 AE—2? ; A2— 22

where A’s and Ajs are the observed wavelength of
absorption bands. A is a constant which equals the
quantity 14+2a; where ax’s are the coefficients of the
uliraviolet terms Tapr?/(A2—\}) with A\’s much smaller
than the wavelengths in the transparent region. In the
infrared region, the dominant contribution to the re-
fractive index in the transparent region comes from the
fundamental ahsorption hand while other ahsorption
bands contribute little effect on the refractive index in
the transparent region. As a result, in most cases, only
one term due ito the predominant contribution is in-
cluded in eq (10). The relationships between the dielec-
tric constants and the coefficients in the dispersion
equation remain with no change:

ew=A4+Zai, (11
and

e.=A+Za;+2b;. ‘(12)

Fortunately, a wealth of experimental data on ey,
€s, Ai, and \; is available for alkali halide crystals. In
some cases, good values of a and b are also available to
initiate a least-squares calculation. Table 3 displays
all the selected values of available parameters. The
available values of (1/\;) (d\;/dT) are also listed for
calculation of the temperature derivative of the refrac-
tive index. In addition, the available values of damping
factors, y; in eq (9), are also included for the purpose
of completeness.

J. Phys. Chem. Ref. Data, Vol. 5, Ne. 2, 1976
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For some maiterials, experimental data on n are
insufficient to perform the least-squares fitting. Ex-
amples are LiCl, LiBr, CsF, for which n has been meas-
ured at only a single wavelength, the mean of sodium
D lines. For such cases a means should be developed to
obtain reasonable estimates by use of the available data
for other properties which are intimately related to n.
The following simplified equation (two-oscillator model)
of the Sellmeier type is proposed for this purpose:

o (Euzf_A)}\E
N— A2

(Es“éur)/\z
Nz

(13)

where A is an adjustable parameter, A, the unweighted
averaged value of the wavelengths of the ultraviolet
absorption peaks, and \; the wavelength of the funda-
mental infrared absorption peak. The adjustable param-
eter A in eq (13) can be determined even if only one
mjeasurement Ur L 15 avaﬂab}&: l)t‘(:aubt liltﬁ quaulilica
€5, €ur, Ay, and A; are available (see table 3).

Note that in the present work no attempt was made to
analyze the refractive index data other than those ob-
tained at temperatures near room temperature, because
of insufficiency of data. However, information and daia
belonging to this category are listed along with those for
room temperature (see section 3). In the far infrared
region, the refractive indices at low temperatures are
usually derived from the analysis on the reflection
specira. The static and high-frequency dielectric con-
stants and the wavelengths of absorption peaks at low
temperatures are either found by these analytic calcu-
lations or by direct measurements. In order to facilitate
the calculation of the refractive indices at low tempera-
tures. we have listed in table 4 the up-to-date values
of important physical parameters which are essential
in construciing the - dispersion equation ar low
temperatures.

2.Z2. Temperature Derivative of Retractive index,
dn/dT

For users of the refractive index, information on the
temperature derivative, dn/dT, is indispensable. The
temperature dependence of the refractive index of
crystals is of considerahle interest in connection with a
wide vzriety 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 magunitude of dr/dT and its fre-
quency dependence in the laser wavelength regions.

With regard to the thermo-optical behavior of the alkali
halides in general, the existing data are not so useful as
might be expected. Although a sizable body of experi-
mental work on dn/dT exists, much of the data is con-
centrated in limited spectral regions, usually in the
visible and near ultraviolet. Useful data outside these

TABLE 4. SOME USEFUL PARAMETERS FOR DISPERSION EQUATIONS OF

ALKALI HALIDES AT LIQUID HELIUM TEMPERATURE {T=4,2 X)

€Sa €uv RI(“'m)a ;\ub
LiF 8.50 1.93 31.45 0.0724
LiC1 10.83 2.79 45.25 -
LiBr 11.95 3.22 53.48 -
Lit 3.89 -+ 66.01 -
NaF 4.73 1.75 38,17 0.0808
NaCl 5.43 2.35 56. 18 0.1165
NaBr 5.78 2.64 68.48 -
Nat 6. 60 3.08 80. 65 -
KF 5.11 1.86 49.63 -
KCl 4.49 2.20 66.23 0.1101
KBr 4.52 2.39 81.30 0.1305
KI 4.68 2.65 51.32 0.1598
RbF 5.99 1.94 61.35 -
RbCl 4.58 2,20 79.37 -
RbBr 4.51 2.36 105. 82 -
RbI 4.55 2.61 122,70 -
CsF 7.7 2.17 74.65 -
csct 6.68 2,67 93.90 -
CsBr 6.38 2.83 127.39 -
cst 6.32 3.08 152.67 -

2 Static dielectric constants and the wavelengths of transverse
phonon are taker from Ref. [21].

High-frequency dielectrie ronstants and ‘\1 are taken from
Ref. [13].

regions, especially in the inirared, are very often un-
available —a very discouraging fact to workers in laser
research. It is, therefore, highly desirable to obtain a
theoretical prescription which allows prediction of
dn/dT over a wide range of wavelengths, based on at
most a small number of known measurements.

Ramachandran [17] 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 adjust-
able parameters. A close correlation was found between
temperature shifts of various parameters and those of
the fundamental oscillator frequencies. Unfortunately,
the parameters chosen were rather numerous and often
physically obscure or not unique; no general prescrip-
tion was presented for determining their temperature
variations, which are necessary for calculating dn/dT.
Tsay, Bendow, and Miira [18] introduced a two-
oscillator model which accounts for the variation with
temperature of the energy gap (electronic contribution
o di/dT) and the f{undamental phonon frequency
(lattice contribution to dn/dT). Although this model is
useful in predicting valuable information, it fits the
existing data rather poorly and is inadequate for generat-
ing recommended data. A somewhat modified approach
is to formulate a semiempirical equation which serves
the dual purpose of giving a good fit to existing data and
a reasonable prediction of missing information.

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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For the transparent region where absorption can be
ignored, the dispersion equation, ey (10), can be re-
writien as

.)\‘.’,
n2—-1=B+E AﬂKi-)\‘-’

(14)

where B=A4—1. If one differentiates eq (14) with
respect lo temperature, one can arrive at the equation

1 dN
N'dT

Kil®
N—AZ

2n =

dn dB
dr dr " (

)s

+3 (+5)

since k; may be written as k;NA?, where NV is the number

of oscillators per unit volume, and both N and A; are
functions of temperature [108]. Since

lav_1dV -3
TNdTTVar o« ()
where « is the linear thermal expansion coefficient.
eq (15) may be written:

‘)nd—n=(7~—?ml(n2—})—!-v F(N, As) (
dT

2 Fix x; (a7

‘ o
~iz”
~——

where C is effectively a constant over a limited tempera-
ture range and

2N

(F=ap)E

FOh A =
To this point, we have followed Ramachandran [17]
closely. The second term on the right side of eq (17)
expresses the change in refractive index resuliing from
a change in density, while the remaining terms give the
change due to the shifting of the absorption bands with
temperature.

In the following development, we will modify eq (17)
to an empirical form which resembles Tsay’s [18], but
with adjustable parameters. As in arriving at eq (13),
we replace the sum in eq (17) by two terms, one repre-
senting the effects of the bands in the ultraviolet region,
associated with a mean wavelength A, and the other
arising from the fundamental infrared absorption band
of wavelength X;. Thus eq (17) is simplified to

2113 =C—3a(n?~1)+F(\ ru) (; ‘g}l‘)
1 dxns
FF (0 ) (A dT) (18)
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on replacing C, 2 «y(1/N\y) (dN,/dT), and A% by Ag, 4.

aud Ay, réspectively, we have

2n%,=—3a(n2—1)+140
Ay 2N (1 dA
(=) (A‘-’—NfV(de)' (19)

Since the quantities k;, A;, and (1/A;)-(dA/dT) are
experimentally available, this leaves in eq (19) only
three adjustable parameters, Ao, A1, and A».

Although the adjustable parameters in eq (19) can be
determined by a small number of experimental data, a
wide wavelength range of the input data is required.
Unfortunately, this condition is not satisfied by the
existing data on the dn/dT of alkali halides. In fact,
dn/dT has been measured for only seven of the alkali
halides, in the following ranges.

LiF 0.21-1.08 um and at 3.5 um

NaF  0.21-1.08 pum and at 3.5 um and 8.5 um
NaCl 0.21-8.85 pum and at 10.6 um

KCI  0.21-8.85 um and at 10.6 um and 21.0 um
KBr  0.26-1.08 um

KI 0.25- 1.08 pm

Csl 0.30-46.24 um

It is clear that meaningful least-squares calculations
can only be carried out for the five materials (LiF, NaF.
NaCl, KCl, and Csl) for which the available data cover
a sizeable wavelength range. In the process of calcula-
tion we have found two empirical facts which gave clues
to further reduce the unknown parameters in eq (19).
The first is that the parameter 4, in eq {19) turns out
to be very close to the square of the wavelength of the
uv absorption peak nearest the transparent region.
The second relates to the quantity (1/\.) (dh/d]) =
A./2k,. In the case of NaF and NaCl this does not de-
pend on the halide involved: a result that will be assumed
to hold for the other alkali halides. This idea is also
supported by the fact that alog-log plot of (1/hw)-(dAy/dT)
against the atomic number Z of the four alkali ions for
which data are available, is a straight line despite the
variety of halide ions involved (see fig. 2). This figure
shows that (1/A.) (dAu/dT) and Z are connected by a
power law, and thus a reasonable value for the former
quantity can be predicted for Rb (a det in the figure),
for which a morc direct determination is not presently
available. Only one unknown parameter, Ao, in eq (19).
then remains to be found in order to make a meaningful
estimation for those materials on which no experimental
data are available. This problem is solved and discussed
in the next paragraph.

At an intermediate wavelength, A\, in the transparent
region, the contribution from the infrared is negligible
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and A, is much smaller than A2 Equation (18) can then
be reduced to
(20)

1v "
e B (n2—1)+ Ao+ 2 (eur— 1) (ldx )

2n ;17—_—

Ay dT

By treating the variation in index as due entirely to the
change in density except at the exiremes of the trans-
mitting range, we define an effective linear thermal
expansion coefficient «’ such that

dn .
—_ ’ 2
2n 7 3a’ (n?2—1).

21)
The values of o' for LiF, NaCl, KCl, and Csl were eval-
uated at wavelength 1 wm. It is interesting to find that
the ratio, a'/a, is linearly related to the atomic number
of the positive ion of alkali halides, as shown in figure
3. The prediction for Rb is indicated by a dot. The con-
stant Ay in eq (20) can be calculated by combining egs
(20) and (21): ’

/1 A \
A0=3 (Ol"’a') (nz" 1)_2 (€ur — 1) k?\;u% )(22)
With these empirical findings we are in a position to
construct formulas of the form of eq (19) to calculate
dn/dT for all alkali halides over a wide range of A.

For convenience, we display in table 5 all the neces-
sary parameter values for constructing dn/dT formulas,
although some of the parameters are already listed in
tables 2 and 3.

In view of the scantiness of dn/dT data and the non-

unique temperature for observation, the dn/dT values

calculated by the formulas constructed in this way
agree remarkably well with the available data, as one
can scc in the next section. The prediction made for
an unmeasured material can be considered as reasona-
ble estimation. Here it should be emphasized that the
dn/dT formulas developed in this work are only valid
at 293 K. However, it seems reasonable to apply them
in the range 293 = 50 K.

3. Numerical Data

Reference data are generated through critical evalu-
ation, analysis, and synthesis of the available experi-
mental data. The procedure involves critical evaluation
of the validity and accuracy of available data and in-
formation, resolution and reconciliation of disagree-
ments in conflicting data, correlation of data in terms
of various controlling parameters, curve fitting with
theoretical or empirical equations, comparison of re-
sulting values with theoretical predictions or with
results derived from semi-theoretical relationships or
from generalized empirical correlations, etc. Physical
optical principles and semi-empirical techniques are
employed to fill gaps and to extrapolate 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 analyze the thin film data
and the reststrahien region results because of scantiness
of reliable information. However, experimental data of
this sort are also presented in data tables along with
those for the transparent region.

The compilation coutains a nuwber of figuies and
tables of refractive index and its derivatives as a func-
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TABLE 5. PARAMETERS FOR THE dn/dT FORMULAS OF ALKALI HALIDES AT ROOM TEMPERATURE
Ny d
d,

1 &y b c 1% 4 ___a .a e 1 g h

Pwirsy a'/e « o Ev D 6y A n Ay Ay 4
LiF 6.5  0.57 3.32 13.0  0.93 7.11 32.79  1.387  (0.0738)2  12.09 -8.13
LiCl 6.5 0.57 4.38 21.0 1.75  9.11 49.26  1.659 (0.143)!  22.75  -12.85
LiBr 6.5  0.57 4.98 250 2.1 10.07 57.80 1.779 (0.173)?  28.08  -14.18
Lil 6.5 0.57 5.94 22.0 2.80  7.23  70.42 1.951 (0.212)®  36.40  -14.90
NaF 2.3 0.65 3,17 12.5  0.74  3.332  40.57 1.322 (0.117)2  3.404 -0.92
NaCl 2.3 0.65 3.97 28.0 1.33 3 60.98 1.532 (0.158)?  6.118 -0.50
NaBr 2.3 0.65 4,23 32.0 1.60  3.796  74.63 1.622 (0.188)2  7.360 -0.12
Nat 2.3 0.65 4.55 28.0 2,01 4.2 B6.21 1.'14% (V. 228)2 Y. 246 0. 97
KF 1.45  0.73 3.48  23.0 0.8 3. 51.55 1.358  (0.126)2  2.465 -0.08
KCl  1.45  0.73 3.71  27.0  1.17 2. 70.42  1.480 (0.162)2  3.393 0.19
KBr  1.45  0.73 3.87  36.0 1.36 2. 87.72  1.544  (0.187)  3.944 0.39
Ki 1.45 0,73 4.08 34,0 1.65 2. 98.04  1.640 (0.219)2  4.785 0.80
RbF  0.85 0.91 2.76  25.0  0.93 4 63.29 1.392  (0.132)2 . 1,581 -0.89
RbCl - 0.85 0.91 3.60 34,0 1.18 2 85.84 1.483 (0.166)®  2.006 -0.84
RbBr 0.85 0.91 3.95 ~ 38.0 1.3¢ 2 114.28  1.540  (0.191)2  2.278 -0.89
RbI  0.85 ©.91 4.15  36.0  1.58 2 132.45 1.623  (0.223)2 2,686 -0.85
CsF  0.61  1.10 3.20 ' 25.0 1.16 5 78.74  1.472  (0.136)2  1.415 -2.54
CsCl  0.61 1.10 4.63  82.0 1.63 4. 100.50 1.625 (0.162)2  1.989 -4.27
CsBr 0.61  1.10 4.74 40.0  1.78  3.88  136.05 1.678 (0.187)%  2.172 -4.75
CsI  0.61  1.16 4.90  34.0 2,02  3.57 161,29 L.757 (0.218)2  2.464 -5.53

a ~ From Figure 2.

L - From Flgure 3.

¢ - From Table 2.

d - From Table 3.

€ - n is evaluated at wavelength of 1 ym.

f - A, equals the square of the wavelength of the uv absorption peak (listed in Table 3) nearest the transparent region.

g - Ap = 2 (yy-1) 1/Ay(dAy/dT).
h -~ obtained according to Eg. (22).

tion of wavelength. The conventions used in this presen-
tation and special comments on the interpretation and
use of the data are given below.

The refractive index of alkali halides and its wave-
length and temperature derivatives are presented
according to the material order listed in table 1. Original
data are tabulated as they appear in the literature.
However, energy expressed in units of wave number or
electron volt was converted in all cases into wavelength
in units of gpm.
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in all figures containing experimental data, a data set
is denoted by a ringed number. These numbers corre-
spond to those given in the accompanying tables on
source and technical information and experimental
data. When several sets of data are too close together
to be distinguishable, some of the data sets, though
listed in the table, are omitted from the figure for the
sake of clarity. For each of those omitted data, an
asterisk is placed after the value in the experimental
data table. The much heavier curves drawn in the
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figures represent the proposed values of the property.
These heavy curves may  be continuous or dashed.
Heavy continuous (solid) curves represent recommended
reference values. Accompanying - sections of heavy
dashed curves are used to represent the provisional
values.

For the index n and dn/dT figures, the wavelength is
plotted on a logarithmic scale in order to cover a wide
wavelength range in a single plot. For the dn/d\ figure,
both dn/d\ and X are logarithmically plotied. For the
four materials LiF, NaCl, KCl, and KBr, the refractive
index data for the transparent region are replotied on
an enlarged scale in order to show the details in the
variation of the property.

The tables on source and technical information give
for each set of data the following information: the refer-
ence number, author’s name (or names), year of publi-
cation, experimental method used for the measurement,
wavelength range covered by the data, temperature of
observation, and description and charactcrization of
the specimen and information on measurement condi-
tions that are contained in the original paper. In these
tables the code designations used for the experimental
methods for refractive index determinations are as
follows:

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

Reflection method

Immersion method

Multilayer method

Focal length method

HrEma Ty

The methods listed above are arranged in the order of
the inherent accuracy and the popularity of their
usages. The deviation method is the most popular and
accurate means of determining the refractive indices to
the fifth decimal place or better. The Pulfrich re-
fractometer and interference technique can be used
up to the fourth decimal place. Transmission, reflection,
and immersion methods yield results good to the third
place, while the multilayer and focal length results
are no better than iwo or three places. For a compre-
hensive yet concise review of all these methods, the
reader is referred to the text in [3] and [4].

For some materials, dispersion equations have been
proposed 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
(10) whenever possible so as to facilitate a visual com-
parison. This table is by no means an exhaustive collec-
tion; however, it gives the reader a general picture on
the evolution of the dispersion formula used in the
calculation of the refractive index.

In the tables of recommended (including provisional)
values, the values are presented with step-wise increas-
ing increments in wavelength. The magnitudes of the
increments vary with the slope and curvature of the
curve to facilitate linear interpolations. The following
scheme is uniformly adopted for this presentation.

Wavelength range Increment
< 0.30 wm 0.002 pm
0.30- 0.40 pum 0.005 pm
0.40- 0.60 um 0.01 pm
0.60— 1.00 um 0.02 um
1.00- 5.00 pum 0.05 pm
5.00-10.00 pm 0.10 pm
10.00—-20.00 pm 0.26 pum
> 20.00 pm 0.50 um

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

Uncertainty range Classification
For refractive index:
=< 0.005 recommended
> 0.005 provisional

For dn/dT (in units of 10-5 K-1):
< 0.3
> 0.3

recommended
provisional

It shonld he noted that recommendations arc made
only for the bulk material 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.
However, detailed composition and characterization of
the specimens are usually not clearly given by the re-
searchers and impurities in the sample and conditions
of the surfaces are decisive factors affecting the ob-
served results. Therefore such highly accurate 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 to gen-
erate the most probable values for the pure crystals. As
a result, the estimated uncertainties for the recom-
mended values on the refractive index are higher than
those of the reported data obtained by high-precision
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measurements. Lo this work, the highest estimated ac-
curacy of refractive index is to the fourth decimal place.

in each of the next twenty subsections, data and in-
formation on an alkali halide are presented in this order:

a brief text discussing the available data,

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

a figure of n (sometimes two figures for clarity),

a figure of dnfdX,

a figure of dn/dT,

a table of source and technical information,

a tablc of cxpcrimcntal data on n,

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

a table for comparison of proposed dispersion equa-
tions {if any).

In constructing the dispersion equation for a given
material, the number of terms in the equation depends
upon the available information on the wavelengths of

absorption peaks. Nu atlewpt was wade o eyualize the

number of terms for all the materials by introducing
terms with unknown absorption peak positions. Although
there exist many absorption bands which have not been
observed, their effects on the transparent region are
likely to be negligible. The overall effective contribution

J. Phys. Chem. Ref. Datq, Vol. 5, No. 2, 1976

from these unknown terms is included in the adjustable
constant A of eq (10) of section 2 with the restriction that
eqs (11) and (12) have to be satisfied. This was the
standard procedure used in determining the number of
terms in the dispersion equation of the materials Nak',
NaCl, NaBr, KF, KCl, KBr, KI, RbCl, RbBr, and Rbl
for which available data were adequate. In the case of
each of the four cesium halides, except CsF, only one
of the two infrared absorption peaks was included in
the calculation because the other contributed insignifi-
cantly to the refractive index. For each of the six ma-
terials, namely LiCl, LiBr, Lil, Nal, RbF, and CsF, thc
refractive index was measured for only a single wave-
length, the means of the sodium D line. Therefore, in
this case the dispersion equation was constructed based
on the two oscillator model in which the effective ultra-
violet absorption peak was derived from the linear
average of the observed peaks. The weighted average
was not used because thie reported intensitics were not
reliable. The ultraviolet absorption peak of the remain-
ing material, LiF, was not available; the effective uv
peaks were therefore treated as an adjustable param-
eter. The result obtained in this case is in close agree-
ment with that obtained by Tilton and Plyler [32].
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3.1. Lithium Fluvoride, LiF

Lithium fluoride is transparent from 0.12 to 9.0 pm.
In the region 0.25-4.5 um the dispersion is low and
transmission is high. Less transmission and higher
dispersion are found in the low ultraviolet and the
infrared. In the low ultraviolet, optical components must
be made very thin in order to obtain maximum trans-
mission. Selected specimens of lithium fluoride, in
moderately thin pieces, may be expected to transmit
several percent of the light down to wavelengths as
short as 0.11 um. Impurities in the crystal, poor polish,
and layers of foreign material on the surface may re-
duce the transmission in the Schumann region down
to a negligible quantity. In the infrared, transmission
begins to fall off rapidly at 7 um, and a prism is useful
to 5 um.

Optically speaking, lithium fluoride closely resembles
calcium fluoride. However, lithium fluoride is prefera-
ble to calcium fluoride for use in prismatic form because
of its much greater dispersion in the infrared and greater
transparency in the extreme uliraviolet.

Unlike the other alkali halides, lithium fluoride is
practically insoluble, and advantage is taken of this
fact in the purification of the salt. High purity single
crystals of lithium fluoride up to 4 kg in weight are
commercially available and are suitable for making
optical components in various sizes.

Measurements of the refractive index of lithium
fluoride date back to 1927. The existing data cover a
spectral range from 0.00236 to 600 um and at 2000 pm.
Based on the optical behavior of the material and the
cxperimental techniques, thesc data fall quitc naturally
into two categories: the transparent region (~0.11 to
~9.0 um) and the absorption regions (<0.11 and
3 9.0 um).

For the transparent region, since large sizes of LiF
are easily obtained, the deviation method is commonly
used with the sample in prismatic form. This method
was adopted by a number of researchers: Gyulai [27]
in 1927, Schneider [28] in 1935, Hohls [29] in 1937,
Harting [30] in 1943, Durie [31] in 1950, and Tilton and
Plyler [32] in 1951. The deviation method, though the
oldest, is often considered as the most accurate; less
accurate data can be obtained by the interference
method.

Due to the high absorption in the low uv and far IR
regions, the deviation method and interferometry cannot
be used. Refractive indices are obtained either by
measuring transmission of thin films or by theoretical
analysis of the reflection spectra from the bulk material.
Rough data may be due to difficulties in thin film prep-
aration and inaccuracy in the reflectivity measurements
While numerous publications are available for the
refractive index in the IR regions, only three sets of
data exist in the low uv regions, for 0.00236—0.0113 pm,
0.0496—0.1771 wm, and 0.0898-0.1240 um. Collectively,

these works give a spectrum of the refractive index of
LiF from 0.00236 pm to 2000 wm.

Data obtained by deviation and interference methods
are chosen for our data analysis and evaluation. Among
the chosen sets, those measured by Tilton and Plyler
[32] and Harting [30] are reliable, and heavy weights are
therefore assigned to them. The accuracy of the values
reported by Gyulai [27] is one unit in the third decimal
place, althoﬁgh his values are given to the fourth place
for the purpose of tabular smoothness. Hohls’ data in
the region 5.48-11.62 um are for thin films, resulting
in large uncertainties because the properties of thin
films are not unique, but vary widely with surface con-
ditions, the process of preparation and the aging of the
film specimens. Schneider’s data [28] are extracted
from a figure, with uncertainties depending on the
operator’s judgment, and resulting values that may be
either consistently high or low. Data sets with large un-
certainties are assigned low weights.

Since the selected data sets were measured at various
temperatures, corrections should be made to reduce all
of the data to 293 K. Not much dn/dT data are available;
however, the results of the least squares fitting of the
dn/dT data to eq (19), together with the results obtained
for NaF, NaCl, KCl, and Csl, lead to the parameter
values listed in table 5. This enabled us to construct
the following expression for dn/dT in units of 10-3 K1,
valid in the temperature range 293 +=50K:

dn_ o 12.09 2
Znﬁ— 9.96@ 1) 8.13—{——————-———(7\2___0-00544‘)2

184.86 \*

T e—1075.18)2" 23)
where ) is in units of um. Close agreement of the values
calculated by this equation and the experimental data
can be seen in the dn/dT figure. By use of this equation,
the refractive index data obtained at temperatures other
than 293 K were reduced to 293 K, allowing construction
of a dispersion equation for LiF.

Dispersion equations for LiF were proposed from time
to time by a numbcr of authors and appcared in different
forms. Table 10 lists the dispersion equations in chron-
ological order, to facilitate a close comparison and reveal
clues for choosing initial parameter values for iterative
fitting calculations. The other necessary input param-
eters can be found in table 3. With the aid of the avail-
able information, least-squares fitting of the reduced
data to the form of eq (10) was readily carried out and
resulted in a dispersion equation of LiF at 293 K in the
wavelength region 0.10-11.0 um.

s 092549\ | 6.9674TN

where \ is in units of um.
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Lauations (23) and (24} were used to generate the
reference data given in the table of recommended
values. The values of dn/d\ were simply evaluated by
the first derivative of eq (24). Although the values of
n are given to the fifth decimal place and dn/dT to the
second, they do not reflect the degree of accuracy and
the extent of reliability. They are so given simply for
smoothness of tabulation. For the proper use of the tab-
ulated values the reader should follow the criteria
given below.

J. Phys. Chem. Ref. Data, Vel. 5, No. 2, 1976

For refractive index:

Wavelength range

(um)
0.10- 0.15
0.15- 0.25
0.25- 0.35
0.35- 3.00
3.00- 5.00
5.00— 7.00
7.00-11.0

For dn/dT:
0.10- 0.15
0.15— 2.00
2.00~10.00

10.0 —-11.00

Meaningful

decimal place

W W B b b W N

= N DN

Estimated
uncertainty, =

0.01
0.001
0.0005
0.0002
0.0005
0.001
0.006

0.9
0.2
0.3
0.9



REFRACTIVE INDEX OF ALKALl HALIDES 347

TABLE 6. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATITRE NERTVATIVES FOR LiF AT 293 K*

A -dn/d) dn/dT X n ~dn/dx an/at Py " —dn/dlx dnng ,
pm 2 pm™ 1075 Kt pm pm ™ 10-5 K- pm pm 1075 X~
0,100 1.76062 13.94837  8.5E 0.220 1.42$12 0042100 ~-i.il 0.400 1.3989%F 0.06212 -1.€8
0,102 1,71461 12,15892 7448 8.222 1.42825  0.u08iI% -1.12 0.418 1.3983% §.05778 ~-1.69
6.106 1.69178 10.71245  6.58 00224 1,42749 0.39583 -1.14 0.428 1.39778 2.05371 -1.70
0.106 167160 9050575  5e081 De226  41.42€71 0.38401 -1.18 0.438 1.39727 £.05011 -1.79
0.108 1.65363 8.4SI00 5.1E 0228 1,42535 0.372€8 =~1.17 Co448 1039678 0.0468% -1.72
8.116 1.63753 7.62713  4.59 0.230 1,42522 0.36180 -1.19 0,450 1.39€33 0.04388 -1.73
0.112 1.6230%& e.aej:i 42035 D.232 1.42450 0.35136 -1.20 0.468 1.39590 0.04118 -1,73
B.114 1.60932 6.2463h  3.€E 8.234 1.42381 0.24133 -i.21 0,478 1.39550 0.03871 -1.74
0.116 1.59808 5.68353  3.27 0.236 1.423%I4 0.23168 ~-1.23 0.480 1.39513 0.03646 -1.75
0.118 1.58711 5.20215  2.93 04238 1.42248 0.32241 ~-1.2k D.490  1.39477 0.03440 -~1.7%
0.420 1,57745 4.77315  2.63 0.248 1,4218% 0.31349 -1.25 0.508 1.39444 0.03251 =-1.76
0.1722 1.56793 4.39359 2.33 Ge242 1.42123 0.30491 -1.2€ G.518 1439417 0.03077 -1.76
0.124 1.55955 4.05€f8  2.1C 0.24% $.42063 0.2966h ~-1.28 0.520 1.39382 0.02918 -1.77
0.126 1.55174 3.75495 1.8% 0.246 1.42004 0.28869 <-1.2¢ 0.530 1439354 0.02778 -1.77
0.128 1.56450 3.484%2  1.67 0.248 1,41947 0.28102 -1.30 0.540 1.39327 0.0263% -1.78
0.130 1.53778 3.24197 1.43 64250 1.421892 0.27363 -1.31 0.550 1.39301 0.02503 -1.78
0,132 1.53152 3.02261  1.3% 0.252 1.41838 0.26650 =-1.32 £.560 1.39277 08.023¢3 -1.78
0,134 1.52568 2.82391  1.16 0e254 1.41785 0.25963 =-1.33 0.576 1.39253 0.02285 -1.79
0,136 1.52021 2.64338  1.01 0.256 1.4173%F 0.25293 ~1.34 0.580 1.39231 0.02185 -1:79
0.138 1.,51509 2.47890 0,88 0.258 4.41€84 0.24€53 -1.35 0.590 1.3921% 0.02092 -1.7¢
0.140 1.51029 2.32864 0.75 0.260 1.41€35 0.24041 -1.3€ G.600 1.39189 0.02606 ~1.80
0.142 1.50577 2.19102 0-6€4 0,262 1441588 0.2344% =1,37 0.628 1.39151 0.0185%f -1.80
B.i44 1.50152 2.06LE8 0453 0.2€4 1.41E542 0.22867 -1,38 £.640 1.3911F% 0.01716 -1.81
0.146 1,49751 41.94844  0.43 0.2€6 1.4149E 0.22210 -1.39 0.66C 1.39082 0.01539 -1.81
6.148 1.49372 1.84427  0.3% 0268 1441452 0421771 =1.36 2.680 1.39651 0.01496 -1.82
04158 1,49013 1.74226 0425 0270 1441403 0421250 -1.48 0,700 1.,39022 0.01406 ~-1.82
0.152 4.48674 1.65061  0.47 0,272 1.41367 0.20745 -1.841 0.720 '1.3899% §.01327 -1.82
8.154 1.48353 1.56563  0.09 0,274 1.41328 0.20257 -1.42 0.740 1.38969 §.01258 -1.82
0.156 4.48048 1.48670  0.082 D.276 1.4128E 0.19785 -1.42 0.768 1.3894% 0.01196 -1.83
0.158 147758 1.41326 =-0.05 8.278 1441247 0.19328 =1.43 0.788 1.38921 0.01i42 -1.83
0.160 1.47482 41.34482 <~0.11 0.280 1.41203 0.18885 ~-1.44 0.800 1.38898 0.0109% ~1.83
0.162 1.47220 4.28036 -0.18 04282 1.41172 Q.18456 ~-1.4% 0.820 1.38877 §.01051 -1.82
G.16k 1.46969 1.22128 -0.23 9.284 1441135 0.18040 =-1.4€ C.848 1.3885€ 0.01014 -1.83
0.166 1.46731 1.1€542 =0.29 0,286 141099 0.17637 =1.4€ 0.86% 1.3883E g.00981 -1.8%4
0e168 1.46503 1.1138° ~0a 3k C.288 141065 Ce372HE -—1e47 6.888 1.38817 (©.80951 -41.84
0.170 1.46285 1.063%8 =-0.39 04290 1.41031 0.1€867 ~-1.47 0.900 1.38798 0.00925 -1.84
0172 1.46077 1.01786 -0.44 0.292 1.40997 0.16500 ~-1.48 6.920 1.3876T 0.00902 -1.84
0.474% 1.45878 0.97448 -0.48 84294 1.4096% 0416143 <=1.45 0.940 1.38762 0.00862 ~-1.84
0.476 1.45687 0.933E5 =0.52 0,296 1.40933 0.15797 =~1.49 0.968 1.3874% 0.0086% -1.84
0.178 1.45508 0.89516 -0.56 8.298 1.40901 0.154€1 =-1.50 0,980 1.3872% 0.0084% -1.84
0.180 1.45329 0.85885 -0.60 0.300 1.40871 10.15135 -1.50 1,000 1.38711 0.00835 -1.8%4
0.182 1.45181 0.824E6 =0.64 0.305 1.40797 0.14359 =-1.52 1,050 1.38670 0.00808 -1.8%
0,184 1.44939 0.79215 <-0.67 04310 1.40727 0.13638 =-1.53 1,108 1.3863C 0.00791 -1.8%4
0186 1.44844 G.7€149 -0.7%1 04315 1.40€61 0.12SE5 =-1.54 1,150 1.38591 0.00780 -1.8k
0.188 1454634 0.73245 -0.74 00320 1440597 0.12338 =-1.5€ 1.208 1.28852 0.0077% -3.84
6.190 1.44551 n 704583 -0.77 04325 1040537 0411751 =1.57 1,250 1.3851F §.00774 ~-1.84
0.192 1.44412 0.678E2 <-0.80 0330 1.40487 0413203 -1.%8 1,300 1.3847%L 0.00777 ~1.84
0,196  1.44279 0.65404 -0.83 04335 1.40425 0.16683 ~1.59 1.350 1.38435 0.00783 -1.84
0.196 1.44151 0.62049 -0.85 Ge340 1.40373 0.10207 -1.60 1,498 1.3839E 0.80791 ~-1.84
0.198 1,44027 0.60811 -0.88 0,345 1.40323 0.09755 =-1.61 1,458 1.3835€ 0§,00802 ~-1.84
0.200 1.43907 6.58681 <-0.9¢ D+350 1440275 0.09330 -1.861 1.508 1.3831€ 0.00814 ~-1.83
6.202 1.43792 0.5€€53 -0.63 0.3€5 1.40230 0.08938 -i.€2 1.558 1.38275 0.0D082R -1 .83
0.204 1.43681 0.54720 =-0.95 0,360 1.4018F 0.08555 =-1.63 1,600 1.3823F (0.00843 -1.83
0.206 1.43573 0.52878. =-0.97 0.3€5 1.40145 0.08200 -1.€& 1.650 1.38190 0.008%3 -1.83
0.208 1.4346% 0.51121 ~0.99 04370 1.4010% (0.07888 ~1.€&4 1,700 1.38147 0.00876 -1.82
0.210 1.43388 0.49443 ~1.62 04375 1440065 0.07550 <=1.6% 1,750 1.38103 0.0089% ~-1.82
§+212 1.43271 0.47840 -1.03 0.380 1.40028 0.07252 ~-1.€€ 1.800 1.38058 0,00913 -1.82
0.214 1.43177 0.46308 -1.05 0.385 1.39993 0.06970 -1.¢€6 1.850 1.38011 0.00932 -1.82
0,216 1.,4308€ 0.44844 <-1.07 0.3%0 1.39959 0.0670& -1.67 1.900 1.37964 0.00952 -1.81
0.218 1.42998 0.43442 -i.09 00395 1.3992F 0.06451 -1.68 1.950 1.3791€ 0,00972 ~-1.81
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TABLE 6. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR LiF AT 293 K (contimed)™
X o ~dn/d) dn/dT X a -dn/dx dn/dT X 2 -dn/dA dn/dT
. Em ‘pn—-l 1075 K- pm m-& 105 K- um - m—i 305 K-t
2.000 1.37867 0.06993 =-1.80 3,950 1.35027 0.01958 <~1.55 6,800 1,26984 0.03790 -0.€9
2,050 1.37817 0.01014 -1.8% 4e000 1.34%28 €.01S8E ~1.S4 €.900 1,26601 0.038E8 -0.865
2,108 1.3776E 0.01016 =1.8¢ 4,056 1.34828 08,0201 -1.53 7.008 1.2521C G.03947 -0.60
20450 1.,37743 0.81857 =1.79 4.400 1034727 0.02041 =1.52 7.400 1.25812 0.04027 -0.55
Z2.208 1.3/060 BeBilU7Y ~Lle7% 491590 1e34€24 0.020€8 =1.51 72208 1025405 0001038 =050
2.250 1.37605 0.01102 -1.78 4,200 1.34520 002896 ~-1.50 74300 1,24990 0.04231 -0.45
2.300 1.37550 0.0112& =1,7¢ 40250 1034414 0,0212% =1.49 7.400 1.24587 0.04275 ~0.4C
20350 1.37493 0.01147 =1.77 4,300 $.343807 0,02153 =1.48 74500 1.2413% 0.043€0 -0.35
2.40¢0 £.37435 0.01278 -4.77 4,380 £.34199 0.02181 -1.47 7.800 1.23€94 0.06L44L7 «“0.26
2,450 1.3737€ 0.0119% ~1i.7€ 44408 1.3408% 0002210 -1.4€ 7,700 1.23245 0,54536 <-0.23
24508 1.3731E 0.01217 ~1.7€ 6.658 1,33¢78 G.08238 =-1.4% 7.800 1.22787 0404626 ~0.17
2,550 1437254 0.0124%1 =1.7% 4,500 1.33B6E 0a.02267 ~1.44 7.900 1.22320 0.04718 ~0.11
2,600 1.3719Z 0.01268 -1.75 4,550 1,33751 €.02236 ~1.43 8,000 1.21844 0.04811 =0.05
2.650 1.37128 G0.01289 -1.7& 4,600 1.33638 G.£2325 ~-i.42 84100 1.21358 0.94966 0.01
2700 1.37863 0.0131F -1.7%& 4,650 1433547 0.0235% ~1.4i 80200 1.20862 0.0500% 0.08
2,750 1.369397 0.04337 -1.73 4,700 1.33401 0.02385F =1.39 84300 1.20357 0.05102 6.15
2,800 1.36923 (0.01261 ~=1.73 4e750  1.33281 (.02413 ~1.38 8.400 1.19842 0.052T 0022
2,850 1236860 0401368 =172 49860 1033153 0o0Z443 =~L1437 60500 1,193L€ 0.05356 0.2°
2,900 136790 0.01&17  =i.7% 4,850 1.3303€ £.92473 ~1.3€ 8,608 1.18780 0.05411  G.37
24958 1036715 0601438 <1.71 4e908 $.32947 002583 =1.3% 8.700 1.1823¢ 0.0551 0.45
3,000 1036647 0.014EC <-1.76 4,950 1,3276F 0.02533 ~1.33 84800 1.17¢77 0.05628 0.53
2.050 1.36573 B.N148F ~1.6C 5.4Me £.32659 B.N25E3 =1.37 R.af 1.1710& G.05740 .61
3,100 1.36498 0001542 <~i.6% 5.108 1.32335 0.02€2% =-1.2¢ 9,000 1.16528 0.05854 0.70
3,150 1.3642Z 0.01536 ~1.68 50200 1.32134 0.02688 <~1.2¢ 8.108 1.15937 0805971 0.79
32200 1.3634% 0.015€2 ~1.67 53080 1.31862 0.027458 <~1.24 9.208 1.1533% 0.06091 0.88
3,250 1.3626€ 0.01587 =-1.67 5,468 1.31584 0.02812 =1.21 9,300 1.1471¢ 0.06213 0.97
2,300 1.3618E 0.01613 ~1.6E 5,500 1.31300 0.£2876 =1.18 9,400 3.14D31 08.06338  1.67
3.350 1.36105 O0.01€35 ~1,€% 5.600 1.31003 0.02941 -1.1% 9.500 1.13451 0.06487  1.17
3.400 1.36022 0.01€65 =1.6& 5,700 1.30711 0.036037 ~1.11 9,600 1.12738 0.06598 1.27
3,450 1.35938 0,0169T ~1.€4 5,800 1.30407 0.03073 =1.08 9.700 1.12131 0.06733 1.38
2,500 1.3585% 0.01717 <1063 5,908 1.30037 G.03141 -1.0% 9,806 1.11t51 8.06871  1.4¢
3,550 1.35767 0031743 =1.62 6,000 1.29779 0.03283 -1.81 9,900 1.10757 8.07013 1.6%
2.608 1.3567% G.01770 =1.63 64100 1.29455 0.03278 =0.96 10000 1.10048 0.07153 1.73
3,650 1035595 (0.017S6 ~-1.68 6,200 1429123 0.03348 ~0.94 10.208 1.08587 0.074€2 1,58
3.708 1.35489 0.01823 <-1.60 6,300 1.28785 0.03419 =0.90 10.480 1.07063 0.87782 2.2%
2,756 1.356407 0.048E0 =-1.5¢ 64408 4.28440 0.03481 -0.8€ 10.608 1.85473 0.08122  2.5%
32800 1.353th 0.01877 =1.58 6.500 1.28087 O0.035E& -Q0.6&2 10.800 1.03812 0.08483 2,65
3,850 1.35220 0.0190% =1.57 6.600 1.27727 003639 -0.78 11,008 1.0287€ 0.08887  3.15
3.900 1.3512% 0.01931 =-1.5€ 6.700 1.2735% G.03714 -0.7¢

* In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison,
For meaningiul decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.1, The
number of digits with an overstrike are not relevant to accuracy of the data.
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TABLE 1¢. COMPARISCN OF DISPERSION EQUATIONS PROPOSED FOR LiF

s Wavelength and Dispersion Equation
source 5 3 -1
Temperature Ranges Ainpm; v inem™
Harting, H. [30] 0.199-1,083 ym n=1.38282 + —22 00408
1643 293 K (X - 0.1187)%1
, 52 22 7.24258 \2
Radhakrishnan, T. (48] 0.1935-15.0 ym nl=1.34880 + —~Q:BT8OEN | T.34258 07
1948 293 K A2 - (0.09022)2 A% - (33.266)%
- ) 2
Tilton, L.W. and 0.4-5.9 e 0t =1+ 229205629527 | 5.1281966 )
Plyler, E.K, [32] 297 K A% - (0.07281)% 32 - (28.247)7
1951
Herzberger, M. and 0.5-6.0 um n =1.38761 + 0.001796  _ 0. 000041
Salzberg, C.D. 298 K X* - (0.16733)2  [A2 - (0.16733)22
1962 [115]
- 0.0023045 A% - 0.00000557 )¢
smp; vt (v - v
Jasperse, J.R., 12.5-50.0 an nz—kzzsuvﬂ;: —————
Kahan, A,, Plendl, J.N., 295 K i (viz—vz) +y; v)?
and Mitra, $.8, [14]
1968 amp vt (V) w
2nk =% T
W ~vh) +ly V)2
5 2 2
resent work 0.10-11, 0 yrn ntays—0:92549 0 696747 X
1975 203 K 2%~ (0.073768)% 2% - (32.790)2

¥=1,2; py =306 cm™, py = 503 em™Y; /1y = 0.0600, yp/vy = 0.180; 4mpg = 6.80, 4np, = 0.110;
€uy =1-90, g = 8.81.
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3.2. Lithium Chioride, LiCl

The only available measurement on the refractive
index of solid LiCl was made for one spectral line, the
«odium D line. by Spangenberg {45] in 1923 using the
immersion method. For molten LiCl, Zarzyski and
Naudin [44] determined the index for the Hg green line
at a temperature of 888 K.

The reasons for the scantiness of the data are the
difficulties in crystal growing and sample preparation.
A number of other physical properties of LiCl were
investigated: values are given in tables 2 and 3. Although
there is only one value of n available, a dispersion equa-
tion can be based on the knowledge of the dielectric
constants and the characteristic absorption peaks.
Using the values of known parameters from table 3
and the value of Spangenberg, we obtain

e, = 11.86,
eur = 2.75,

A= 0.137 um (averaged value of two peaks),
A =49.26 um,

n = 1.662 for A = 0.5893 pm.

The adjustable parameter 4 of eq (13) was found to be
2.51. This leads to a dispersion equation of LiCl which
is valid at 293 K in the transparent region, 0.17 to 16.0

um:

0.24 )2
—(0.137)2

9.11 A2
A2 —(49.26)2’

where A\ is in units of um.
No experimental data on dn/dT are available. How-
ever, our empirical parameter values in table 5 were

used to construct a formula for estimating dn/dT in
the transparent region:

dn
—=—13. 2 —1)—12.
2n a7 13.14 (n )—12.85 26)

22.75 A 382.62 \*
(A2 —0.02045)2 " (A2 — 2426.55)*

-+

where dn/dT is in units of 103 K~1 and X in um.

Equations (25) and (26) were used to generate the
reference data given in the table of recommended
values. As noted, these equations are based totally
on the available data on the thermal linear expansion,
dielectric constants, the wavelengths of absorption
peaks, and the empirical parameters. Consequently,
the accuracies of the estimated values are governed
by the uncertainties of the above mentioned parameters.
The following criteria are indicated by careful studies
of the parameters.

For refractive index:
Estimated

Wavelength range

Meaningful

(um) decimal place uncertainty, =
0.17- 0.30 2 0.05
0.30— 1.00 3 0.005
1.00— 5.00 3 0.008
5.00— 9.00 2 0.01
9.00-16.00 2 0.02
For dn/dT:
0.17- 0.32 1 0.9
0.32-12.0 1 0.4
12.0 -16.0 1 0.9

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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TABLE ii. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
THMPERAYURE DEKIVATIVES FOR LIC1 AT 293 K¥

- dn/dT -dn/d)  dn/dT by -dn/dy  dn/dT
0,478 1476732 &.17475 62.78 6.25¢ 1.67888 [.2829% D.8f 0,906 1.65911 6.0058% -3.60
0172 1.7734k 3.72295 55045 00292 1467852 §.47768 0478 549206 1.6589% G(.08573 -3.61
B.474 5077235 3.3401€ 49.37 0.2G4 1.67817 0.1730% 0.€% Go34G 1.€5E688 G.00855G ~-3.63
0476 4476604 3.021303 4ko2F §.296 1.67783 016832 .60 00966 1.65877 0.06537 =3.6%
0.278 1.76030 2.73122 3992 00298 1.6774C U0.16381  Bo5% 0o98k 1.€5887 0.005Z2 -3.6%F
84180 4<7580¢ 2.48E7& 36.2C 06300 1.67717 0.15957  G.4Z 5,806 4.6565€6 0.68583 <-3.€E
6.182 1475034 2.27337 3297 0305 $.€7640 0.143331 (.22 1,050 1.65832 0.004B1 ~3.€%
Go184% 1.TW5GE 2.68897 3Goit 0o310 1.E7568 0.1400%  6.03F 10100 1.65808 0.0QuEE <-3.7Z
€o586 1074198 1.92051 27.6% §,3i5 1.€750C ©.13157 <0.i& 1.456 1$.€578€ G(.00445 <3473
G.188 1.73829 1.7737% 25.51% 60326 1.€T43E Go12381 =G.3L L0208 1465765 0.0043& <3.7%
0,296 1.73487 1.64286 23,57 6o325 1 €7376 0.11667 <~BokE 1.250 1.65742 000426 <3.7&
0,492 1.73£78 1.5257k 21.8% G033 31.€731% €. 11018 =-0.6E 14306 1.6572% §.0042% ~3.77
GalSk £.7E87C 1:4285C E0.2C 0e3I5  La€PGE 0o01G&E5 ~GoFZ 20350 1485700 0004135 -3.7E
60496 1.7260Z 1.325€0 18.8% §o340 1.€72i5 ©0.09845 ~=(.8E 14400 1.65678 0.08615 -3.7%
G198 $72345 1023371 17.6T B.345  1,E7167 009327 <~8.9E 2.450 14€5658 DJBO4ZE =3.7C
¢.20¢ 3i.72T0F £.161I76 16.45 Go3EF 1.674ZZ 0.0884E £:800 1.65€37 G.004Z%
6202 1.Ti868 1.88076 15.3¢ G256 1.€767% 06.08500 50550 1.65€LE€ G.00626
G284 z z 8366 5.6703E 0.0798% 10600 1.6559% 0.80431
G:206 € §-365 166958 (C.07539% 2,656 1.65573 G.00436
g.208 i B.376 1.£6982 6.07237 10700 1.65551 0.00643
§.248 6:375 2.€69%8 0.06888 ~-1.5% £:758 £.E55Z8 D.0D4LS
g.24i2 G.380 £.€6892 G0.UE585 ~—1.63% 1:800 1.6550E6 £.08457
G.24k 6385 $.€6860 0.06288 =1.70 1850 1.65&83 0.004€%
€. 216 0,396 1.€6€3C 0.060%81 ~-2.77 1,900 $.65458 0.66473
§.24% 0:395 $.€8800 G.05751 <1.8% 1,958 3.€543% 0.00481
G220 1.76348 G0.6E3LE  8.92 G406 1.€6772 6405567 <=1.9% 2.000 5.65LI:i 0066498
(o222 1.70218 0.631Li  B.4Z Goti6 1.€67LS C.05CEE ~2.02 2.05¢ 1.65387 G.006433
60224 $.70QCE G.HCLE8  T.9F 8,428 1,€6671 0.04663 <2413 2.100 1.65361 6.00508
Bo226 1066378 0.57432  7e5% B.430 1.E8B6E2E (0.04308 ~2.23 2:450 1065338 0.006518
0,228 5£.€9865 §.5&4855 7 4iZ Bob40 $.€6584 £.0399Z2 -2.32 2.200 £.6531C @.06527
Ba236 1o09TLE Qe0RERL  CeTE §e450 1e€655C 0.037EF ~Zaaf 24250 1a€5233 006837
232 b 6038 Bob€0G 1.66510 0.03450 -Z.u8 2,300 12.6525€ 0.08547
6.23% 84 0% G470 1.€6477 0.03219 «2.5E 2,350 1.65228 0406556
6236 5,71 0.480 1.€64LE QoG3LLS <Z.€C 2.400 1.B5Z0C Q.205€8
G.238 Seu% 0,498 1.66617 ©.02818 =-2.6E 24830 1.6517% G.80576
B.2bE 5.1% B.560 1.€638C 0,0264k «2.7% Z2.506 $.651%2 0.00589
t.24z io 8L 6,540 1.€8364 0.0248€ 2,556 1.65812 6.005%¢
Go2hi 13 6.520 1.€6340 8.02341 2,686 1.6566Z €.0081C
§o268 o3I 0535 1.€63%7 0.82208 2650 1.85052 0.0062%
to2b P G.54¢ 1.€6285 0.02087 2o700 1.6502C £.00632
§.250 3.87 D.E50 1.£627E G.0197% 2:750 1.64S8E £.066L%
6.252 3.6E C.560 1,€625€ 0.08872 2.800 1.6495€ 0.006%%
8.25% 3o 45 0.57C 1.€6238 0.01777 24850 1.64S25 Ge0D6ES
0256 3.25 G580 1.E6Z2f 0.31659 2.968 1.6488S G.00676
8.258 3.0€ £.590 1.€6204 0.01608 2.95¢ 1.64855 G.00687
§.26% 2.8E B.€08 4.£6185 0,04532 3,000 4.84827 0.006%%
7262 2e71 G.620 1.€E625% 0.81397 3,850 1.€L78E L£.00710
G266 Ze5l 0648 66132 GoG128L =3.2% 3.1006 1.647EG §.007Z1
G.2€6 2,38 0,660 1.€6106 0,03178 =3 3,158 1.6471F 6.00733
G.2€8 2e23 0.680 186085 GsGio%1 3,208 1e048TC 0,007 &4
D278 208 G.700 1.€606& §.010i3 =33E 3.25C 1.64€3C (0.40756
g.272 1.6% 0:720 1.€604% 6.00945 =3.4T 3,300 1.64€TL 0.007E7
8.270 1083 G748 1,€602E€ D.00885 =343 3.350 1.64%62 (50778
0.276 1e688 3.7€6° 1.E6088 0008832 ~3.4E 3.400 1.64523 0.88730
B.278 5.5% G.780 1.65953 €.00785 <~3.4% 3,450 1.644B% 0.006802
0.288 1e84% Be800 4-E€5977 B.007hE =3.5% 3500 1.64443 £.0081%
0,282 1233 G826 1.E598% 0.G0787 =3.5% 3.55C 41.64402 0.008235
0,284 1,28 GoB4G 1.E59E5 Q. GOETI  =3.5F 3.6060 1.64360 0.00837
§.286 2,08 6e866 1.€593€ B.010€4L <3.5E 3.656 1.64318 G.0084%
2,288 6.3 00880 1.€5523 UD.L0EI8 -3.5€ 3,700 1.642TE C.GDBEL
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TABLE 11. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR LiC! AT 293 K (continued) #

X -dn/dx  dn/dT X

n n -dn/d\  dn/dT X n -dn/dx dl-l's/dT_ )
ym pm- 107K pm pm~t 100 K pm pm~ 107 K™
3.750 1.64232 0.00872 <~3.75 €800 2.€1504 U0.0146L ~3.4% 9e780 1,54355 0.52554 <2447
3.800 1.64188 0.0088& =3.75 60200 1.€2353 001487 -3.42 G.800 $.54098 D.02589 =-2443
3.856 1.641%k 0.00836 =3.7% 60300 1.€1203 0401548 =3.&0 S.900 1.53838 0.92625 =248
3.900 4.64859 ©.009E8 -3.7% €.400 4.€104G ©0.02FLE -3.3C 10.000 1.€3F73 0.028€6 ~-2.3E
3.950 1.64053 B.00820 <3.7% 6508 1.€0895 G.01572 =3.37 106200 1.5383& 08.02732 -2.27
4.080 10840807 §.00932 <=3.73 £.60C 1.,60735 0.615S9 =3.3% 16.408 1.52881 002805 -2.1%
4,050 1063980 £.009L6 =3.7Z2 6.788 1.E0E75 0o08€27 <3033 10,600 1.51812 0.02880 =-2.1C
4.100 1.€3912 D0.009%E -3.7Z €.80C 1.60410 0.01E55 -3.3% 16.808 1.5132€ 0.02357 -2.08
4,150 1.6386% 0.009E8 <=3.7% 6200 4.60243 0.01583 <=3.2E 11,000 1.5072¢ 0.03035 =-1.9%
4,200 1.63815 8.00%80 <3.7% 7.008 1.,€0073 0.01711 -3.2¢ 11.200 1.50114 0.03115 -3.81
4.250 1$.63766 000933 <=3.70 71080 1,59901 0.0473% -3.2%& 15480 1.49%83 08.031G7 -1.7C
S 4,300 $.637i€ 8.01085 -3.7L 70200 1.59725 0.0i768 =3.22 11,600 1.48835 0.03280 <-1.59
4,358 1.€3685 (.01017 <-3.8% To308 1.59547 0.017%8 -3.2C 11800 1,48171 O0.033€8 -1.48
4,406 1.63614 0.061023 ~-3.€S 74400 1.53366 0.01825 <3417 32,000 4.47489 0.03452 =1.3€
4,450 1.63563 0.040G6L =3.8% 7500 1.59i82 0.018%4 =3.i5 12,200 1.46790 0.03542 =1.2%
4,508 4063510 B8.010%k <=3.6F 7.600 $.58395 0.01888 =-3.1Z 12,6006 $.46072 0.03633 <-1.11
£,550 1.63457 0.01066 =3.67 7.700 1.£8805 0.01913 <3.iE 12.600 1.4533€  G.03727 <=G+SE
4,600 1.63404 0.01G78 =3.6€ 70800 1058612 0.01343 <-3.87 120808 1.44582 ©.03623 ~-0o84
4,650 1.633k8 0.8i831 <=3.6E 7.900 2.E8417 0.01673 =3.0% 13,000 1.43807 0.03321 ~0.€S
4,708 1.63235 (0.01103 -3.6% 84600 1.56218 0.02003 -3.62 13,200 1.43613 0.04022 <-G.5k
L.768 4.6323C  £.04476 <3.£L 8.406 41.E86%E 0.02032 -2.65 £3.400 4.42108 O0.04126 =0.38
5.8006 2.63183 0.01128 ~3.6% 8,208 §.57811 0.020€& -2.<7 13,600 1.413€2 8.04Z33 -<0.22
50850 1.6312E Q.B1141 =3.€3 . 8.300 1.57€03 0002895 =2.9% 13,800 1.4050E8 0.04342 <=0.6%
4,900 4$:6306% C.01153 <=3.83 8.400 §.57392 0.02126 -<2.9% 14,000 1,39€25 §.04455 .14
5,956 1.638i% 0.94186 -3.6%2 §.500 1.E7178 0.02157 -=-2.8% 140200 1.38723 0.064578 0.3Z
5.060 1.52352 0.01178 =361 84606 1.5696% 0.02183 =-2.8E 14,400 1.3779€ 0.04ESL  0.52
5.16C £.62833 0.05205 <=3.68 84708 £.E6740 0.02Z21 =z.82 14.600 1.3684L€ 0.04814 Q.73
5.208 4.62712 C£.01228 <=3.5E 8,800 1.5651€ 0.02253 -2.7S 164,800 1.35871 0.04541 ©.9%
5,366 1.62587 0.012E5 ~-3.57 8.900 1.56290 0.02285 =-2.7% 16,000 1.3486% 0.05073 1.16
5.6006 1.62561 0.01280 =3.5f 9,000 $.56059 6.02318 -2,72 15,208 133841 0.05208  4.4C
E.500 £.62331 0.0136 <-3.5& 9,160 $.55826 0.8235% -2.€S 15,400 1032766 0005348 1.€&
5,666 162198 0.81332 =3.5Z 2,200 1,55588 0.02384 ~Z.€5 15,600 $.31704 0.65494 1.98
£,700 1.62065 0.68356 -3.51 94300 $.55348 002437 <=2.6Z 15,800 1.30588 ©0.05644 2.17
EoB80C 1062928 0.0138% <~3.4% SO0 1.E5i0€ 0.0245] -2.58 16,000 2.29443 (0.05808 245
SoG00 164788 D.0i41fi <3.48 9,560 1.5485C (Q.0248 «2:8%

% In thie table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison,
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.2. The
number of digits with an overstrike are not relevant {o accuracy of the data.
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3.3. Lithium Bromide, LiBr

The only svailable measurement on the refractive
index of crystalline LiBr was made for one spectral
line, the sodium D line, by Spangenberg [45] using the
immersion method. For molten LiBr, Zarzyski and
Naudin [44] determined the index for the Hg green line
at a temperature of 843 K.

The reasons for the scantiness of the data are the
difficulties in crystal growing and sample preparation.
A number of other physical properties of LiBr were
investigated; values are given in tables 2 and 3. Although
there is only one value of n available, a dispersion equa-
tion can be constructed by incorporating the available
data on the dielectric constants, the wavelengths of
absorption peaks, etc., into a two-osciilator dispersion
equation. Using the values of known parameters listed
in table 3 and the available refractive index, we obtain

€, = 13.23,

€y = 3.16,

Ae = 0.164 pm (averaged value of three peaks),
Ar=57.80 pm,

n=1.784 for A = 0.5893 pm.

The constant 4 of eq (13) is found to be 2.88. This leads
to a dispersion equation for LiBr valid at 293 K in the
transparent region, 0.21-20 pm:

0.28 A2
—(0.164)* 2 —(57.80)*"

n:=2.88 + @7)

where A is in units of um.

J. Phys. Chem. Ref. Data, Vol. 3, Ne. 2, 197&

No experimental data on dn/dT are available. How-
ever, our empirical findings in table 5 were used to
assemble a formula of LiBr for the transparent region:

dn .
2n dT~~14.94(n 1)—14.18 28)

28.08 \* - 503.50 A*
(A2 =0.02993)% © (A2 — 3340.84)>’

+

where dn/dT is in units of 107> K~* and X\ in um.
Equations (27) and (28) were used to generate the
reference data given in the table of recommended
values. Since these equation are based totally on the
data on the thermal linear expansion, the dielectric
constants, the wavelengths of absorption peaks, and
the empirical parameters, the accuracies of the calcu-
lated values are controlled by the uncertainties in these
quantities. The following criteria were esiablished afier
these correlated parameters were carefully studied.

For refractive iridex:
Meaningful

Wavelength range Estimated

(am) decimal place uncertainty, =
G.21- 0.30 2 0.01
0.30- 1.00 3 0.005
1.00— 6.00 3 0.008
6.00-11.00 2 0.01
11.00-20.00 2 0.05
For dn/dT:
0.21- 0.40 1 0.9
0.40-13.0 1 0.4
13.00-20.0 1 0.9
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TABLE 14. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR LiBr AT 293 K ¥

N - dn/dT -dn/dx  dn/dT X -dn/d)  dn/dT
;L/;n n S;/EA 10!:5/K-‘ Jl\n 2 gm=t 10~ K- pm » um= 105 K~
0,210 1.89674 2.81741 57.72 0375 1.79€05 0.12220 =0.5% 1,756 1477574 0.00378 ~4.93
0.212 1.89133 2.5¢187 52.5% 0.380 1.79545 ©0.11€08 -0.7€ 1,800 1.77555 0.00380 -4.¢%
0.244 1.88835 2.392(8 48.1Z 0.385 1.7948¢ 0.14038 -0.97 1,850 1.7753€ 0.00383 -5.0C
0.216 1.88175 2.21428 44.20 0.390 1.79435 0.105C7 ~-1.0€ 1,900 1,7751€ 0.00386 ~5.00
0.218 1.8774E 2.0%5835 40.7% 0.395 1.79384  G.10€12 ~-1.20 1.950 1.77437 0.00390 -S.€1
0.220 1.87352 1.91273 37.67 0400 1479335 0.09548 ~-1.34 2,000 1.77477 08.003%4 -5,01
0.222 1.86382 1.78425 34.93 0.410 1.79244 0.08709 -1.58 2.050 1.77458 0.00398 -5.02
0,224 1.86637 1.66811 32,47 0.420 1.79168 0.079€8 ~-1.87 2.100 1.7743F 0.0041& -5.02
04226 1.86314 1.5€278 30.25 0.430 1.79084 0.07316 <-2.0T 24153 1.77417 0.004C38 =5.02
0+228 1.86011 1.4€696 28425 O.440 1.79014 0.06735 =-2.1¢ 2.200 1.77397 0.09415 -5.02
0.230 1.85727 1.37355 26.43 0.450 1.78948 0.06217 =-2.3%F 2,250 1.7737€ 0400421 <-5.03
0.232 1.85453 1.29958 24.77 0.4E0 1278889 0.05754 =2.50 2,300 1.77354 $.00427 =5.03
0.234 1.85207 1.22€25 23.2% 04470 1.78834 0.05238 -2.€4 2.350 1,77333 0.00434 -5.03
0.236 1.843968 1.15883 21.8€ B.480 1.78782 Q0.04983 =-2.77 24400 1.77311 0.00440 =5.03
0.238 1.84743 1.09€71 20457 0,430 1.78734 O0.C4EZS ~-2.89 2450 1.7728¢ 0.00447 =5.03
0.240 1.84529 1.03936 19.3% 0.500 1.78630 0.04218 -3.0T 2.500 1.772B€ 0.0045% <~5.03
0.242 1.84327 .G.98629 18.43¢C 0.510 1.78€4E 0.04039 =3.10 24550 1.77243 0.004€1 -5.03
Qa24k 1.84134 0.93710 17.29 0.520 1.78609 0.03785 =3.1S 2.600 1.77Z20 0.00468 -5.03
002466 1.83852 0.89i1 16.3% 0.530 1.78572 C€.035€4 ~-3.28 24650 1.77137 0.004786 -5.03
0.248 1.83778 0.84831 15.47 0.540 1.78538 0.03342 ~-3.3€ 2,706 1.77473 0.00483 -5.03
8,250 1.83612 0.80930 14.€5 0.550 1.78505 003148 <-3.43 2.750 1.7714€ 0.00451 -5.¢3
04252 1.83454 0.77233 13.88 0.5€0 1.78475 0.029E9 =-3.50 24800 1.771Z4 0.00498 =503
0.254 1.83303 0.73777 13.17 0.570 1.7844€ 0.02805 -3.57 2.858 1.7709& 0.00506 =5.03
0.256 1.83158 0.705&1 12.4% 0.580 1.7841C 0.02€654 =3.63 2,900 1.77073 0.0051% -5.03%
0.258 1.83020 0.67509 11.8€ 0.590 1.78333 0.02514 =-3.€9 2.958 1.77647 0.00522 <-5.02
0.260 1.82888 OC.6u4f€2 11.27 0.600 1.7836€ 0.02384 =3.7% 3.000 1.77021 0.00523 -5.0Z2
0.262 1.82762 0.61386 10.71 0.620 1.78323 0.02453 -3.8% 3.05¢ 1.76S9% 0.00537 -5.02
0.264 1.82840 .0.594E8 10.1%F 0.640 1.78282 0.04954 =-3.9% 3.100 1.76967 0.00545 -5.uZ
0.266 1.82524 0.570%6 9.68 0.6€0 1,78245 D0.01781 <-4.02 3.150 1.76S40 0.00554 -5.02
0.268 1.82412 0.54859  9.21 0.680 1.78211 0.01€30 =-4.G¢ 3,208 1.76S12Z 0.00562 -5.02
8.270 1.8230& 0.52746 8476 0.700 1.78179 0.01498 =4.1F 3.250 1.76883 0.00570 -5.01
0.272 1.82201 06.507&3 8,33 0.720 1.78150 G6.01382 -4.22 3.300 1.76855 0.00578 ~5.01
0.274 1.82101 G0.488€0 7.93 Be740 1.78124 0.01273 -4.27 3.350 1.768ZE 0.00586 <5.01
0.276 1.82005 G.47871 7.54 0.7€0 1.78099 0.01188 =-4.32 3.400 1.7679€ 0.00535 -5.01
0.278 1.81913 0.45375  7.1E 04780 1.7807€ 0.01108 =4.37 3.450 1.7678€ 0.006L3 -5.67
0.280 1.8182k 0.437€6 6.8% 0.800 1.78055 0.01036 -4.41 34500 1.7673€ 0.00611 -5.00
0.282 1.81738 0.42237 6.5 0.820 1.7803% £.00971 ~-4.4E 3.558 1.76705 0.006Z0 -5.0C
0,284 1.81655 0.48785 641F 04840 1.7801€ 0.0091% =448 3,600 1.76€74 0400628 -5.00
0.286 1.81574 G0.35404  5.88 0.8€0 1.77¢98 0.008EZ <~4a52 3,650 1.76€42 0.00637 -4.SS
0.288 1.8149 0.3€089 SeSCS S.0¢€0 1.77¢<86 000815 -—445% 32700 176€10 0.000645 ~4.5%
0.290 1.8142Z 0.3€836 5.31 0.900 1.7796€ 0.C0774 =4457 3.750 1.76578 000654 -4.5%
0.292 1.81350 0.35€41  5.04 0.920 1.77950 0.00736 ~4.EC 3.800 1.76545 O0.006E2 <4.SE
0e29%% 1.81279 0.34502 472 0.940 1.77S3€ 0400701 =-4.€2 3,850 1.76512 0.00671 -4.98
0.296 1.81212 G.33&41L L.BE 0.960 4.77Q922 0.00670 <~4.EF 3.908 31.76L78 D0.00678 -4.G8
0.298 1.8114€ 0.32775 4,37 0.980 1.7790¢ PQ.00€42 <~4.67 3.950 1.764%4 0.00688 -4.97
0.300 1.81082 0.31381  4.0% 1.800 1.77837 0.00€17 <~k.6% 4,000 1.76409 0.006S7 -4.97
8.305 1.80931 C0.29081  3.5€ 14050 1.77667 0.00562 =473 40050 1.76374 0.008765 <4457
0.310 1.80791 G.278i5  3.0% 1.400 1.77880 0.C0519 =4.77 4,108 1.76338 0.0071& -4.9€
0.315 1.80680 0.25152 2.€E 14150 1.77815 0.C0485 ~k.88 4.150 1.76302 0.00723 -4.SE
0.320 1.80539 0.234€8  2.2% 1.200 1.77732 0.C0458 -4.83 4,200 1.7626€ 0.00732 -4.96
0.325 1.8042€ 0.21%40  1.88 14250 1.7776% 0.00437 =-4.8E 4e250 1.7622S 0.00740 -4.S5
0.330 1.86319 0.205E0  1.5% 1.300 1,77748 0.00420 =4.88 4,300 14762192 0400749 -4.S5
G+335 1480220 0.1928Z  1.2H% 14350 1477727 GeU04E7 <498 40550 1476154 000758 ~4.90
0,340 1.8012€ 0.18123  0.9% 14400 1.77707 0.00237 -4.91 4,408 1.7611€ O0.00767 -~-4.S4
8.345 1.88038 G.170EC  0.6% 1,450 1.77688 0.C0289 <~4.93 bo450 1476078 0400776 =-4.93
0.350 1.7995€ 0.1606  0.43 1.500 1.7766€ 0.0028% -4.9% 4,506 1.7663C 0.00785 =-4.63
0.3658 4.79877 0.1%5185  0.2¢ 1.550 4.77647 0.002380 -4.95 40550 1.75C9% 0400794 -4eS3
0.360 1.79804 Q.14358 -0.02Z 1.600 1.77€30 £.00378 =4.G€ 44600 1.75S5C 0400802 -4.52
0,365 1.79734 0.13588 =0.22 1,650 1.77611 0.00377 =497 4,650 1.75S19 (0.00811 ~-4.52
0.370 1.7968¢ 0.12878 <=0.41 1.700 1477533 0.C0377 -4.98 4,700 1.75878 0.06829 ~-4.91

J. Phys. Chem. Ref. Data, Vel. 5, Ne. 2, 1676



: an/dT x -dn/d}  dn/dT n o -da/dy  dm/dT
um 10—‘5 K-:'v ym = s'-im.l 105 gt ym gm" 1075 ¥
4,750 '1.75837 B8.09825 <=4.91 RSS2 9.3 =ko 43 13,4080 1,60875 Dp.02

4,880 £.75735 §.088%8 §.200 f5 84 13,808 180308 052

4,850 1.75758 0.00847 §2308 So0 13:.800 $.5972¢ (.82

5,808 L.7STIi 0.008E8 §.508 908 16:800 $.59I3E 8.02

. 888 1.789887 D.5L 8¢5 £.E38 3.7 fLa.200 $.88E£%4 8.33NE8

5 75626 8,00875 <~4.8% 8586  fe §.8 14:408 157 8.G3125

£.488 7553%  8.008%3 3 8,780 %o 2.8 1%:608 137 0.0315%

5,288 75445  B.0091iL 8.880 %s g.§ 15o808 1568 0.632€2

5,350 75353 £.00929 8:358 i 8s5 15.000 1.3537% 0.03333

504920 75260 0.00%%8 $e886  de Bo1 15,208 1.5530% ©.0350%

5.580 751ER Seill  £c7D 15400 2.548i6 0.03473 ~=1.27
5.500 7508E $.208 178 $5.830 1.5391% 6.0355& =1.312
5,798 &7 $e308 £,70 15,800 1.53133 0003831 =0.9%
5.08% Z Tou30 2009 $5.80¢ 2.32%58 §.3371% -2.7%
5.968 1.76752 3.588 1.8 16,200 £.51708 §,03791 ~0.&7
€000 %557 2,500 16,488 4.,5035% 87k
5,160 $558 G705 16,608 %

50200 FRuki 3300 150800 %

€.308 74331 5.308 17,006 3%

£.400 1.7471E 16.000 17266 4

€.50¢ 10,200 163 17.400  ie

£.608 16.400 1e€8 17,808 1

£, 748 16600 2.€7 17,856 %

8.807 16888 167 16,060 %

5.95t £1,080 £.€6 180208 1

72088 11,200 180400 $.42283 U.D4827 1.78
7100 11,450 16,600 1.41307 T.0433 2,03
7.2060 11,800 180800 1.40308 H.05851 2.31
70300 21880 19:000  $.39Z8F 8.05168  2.:f
FokBg 12,606 190200 1.28Z4f 0.0528%  2.5%
7.586 12,288 19.408 £.37170 0.054LL 3,23
7,588 12400 =3.8% 19,600 1.36875 §.05543  3.5E
7768 i12.680 ~2.%% 219,800 £.34353 0.85677  3.%E
7500 12,808 £03 §2E -2.8% 26,880 1.3380& 0.05844  4.26
To906 13,0800 3061372 - §.B8288% =2.7%

#In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison,
For meaningfil decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3,3, The
number of digits with an overstrike are not relevant to accuracy of the data.
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REFRACTIVE INDEX ‘OF ALKALI: HALIDES 37

2.4 . tithjum lodide, Lil

Only one value of the refractive index of Lil is availa-
ble, measured by Spangenberg [45] in 1923. Such scanti-
ness of data is probably due to difficulties in crystal
growing and sample preparation. A number of other
physical properties of Lil are known; some values are
given in tables 2-and 3. With this single value of n, the
dispersion equation can still be constructed by utilizing
the "available information on the dielectric constants
and the wavelengths- of absorption peaks.

Using the values of known parameters listed in table 3
and the available value of n, we find

€s=11.03,
ey = 3.80,

Ae=0.171 um (averaged value of 7.péaks)
A =7042 um,

n=1.955 for A-=0.5893 um.

The value of the parameter 4 of'eq (13) was found to be

3.55. This leads to a dispersion equation for Lil which
is-valid at 293 K in the transparent region, 0.25-25 um:

0.25 A2
A — (0.171)2.

723 N2
A2 —(70.42)>’

n? =355+ (29)
where X is in-units of um.
No ‘experimental data on dn/dTare available. How-

ever, .our empirical parameters in table 5 lead to a
formula for dn/dT in the transparent region:

dn
2 —-—=—]7.82 2—1) —14.90 !
ndT (n )‘ 90 (30)

318.12 N4
(X% — 4958.98)2’

36.40 \*
- (A% —0.04494)*

vhere dn/dT is in units of 10-5K -1 and \ in um.

Equations (29) and (30) were used to generate the
recommended values. Since the construction of these
cquations is based totally on the available data on the
thermal linear expansion, the dielectric constants, thev
wavelengths of absorption peaks, and .the empirical
parameters, the reliability of the calculated values is
governed by the uncertainties of these quantities. The-
following accuracies were estimated after carefully:
studying the correlated properties:

For refractive index:

Wavelength range ~ Meaningful Estimated
(um) decimal place uncertainty, *+
0.25- 0.30 2 0.01 -
0.30— 1.00 3 0.005
1.00— 8.00 3 0.008
8.00-13.00 2 0.01 ”
13.00-25.00 2 0.03
For dn/dT: -
0.25~ 0.55 1 0.9-
0.55-20.00 1 0.5

20.00-25.00 1 0.9
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TABLE 17. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR Lil AT 293 K*

by a -dn/ax dn/dT N 2 -dn/d)  dn/dT £ n -dn/d\  do/dT .
pm pm= 10~ K pm pm~t 1075 K- pm pm= 1075 K-
0.250 2.00432 0.82426 97.88 0.550 4.95610 0.027%% =-3.8% 2.750 1.94677 0.00225 ~7.13
0.252 2.00331 06.78349 8%.15 0.560 1.95582 0.082630 ~-4.00 2.800 1.94€66 0.00228 -7.1%
0.254 2.00178 0.745€3 B81.€h 0.570 1.95557 0.02488 ~4.1%4 2.850 1.94655 0.00231 -7.1%
0.256 2.00033 D0.71038 75.03 0.580 1.95533 (.02342 -4.28 2,900 1.94643 0.00233 -~7.14
0.258 1.99894 0.67752 6%.1F 0.590 1.95510 (0.02214 -4.47 2.950 1,94631 0.00236 ~7.1%
0.269 1.99762 0.64682 64402 8.600 1.S5489 0.02096 -4.52 3.000 1.94€19 0.00240 -7.14
0.262 1.99635 0.61812 59.40 0,620 1.95445 0.01885 -=4.73 3.050 1.94€07 0.60243 -7.1%
0.264 1. 993‘1‘ 0.59i23 55.2€ 0,640 1.95413 0.01703 -4.91 3.100 1.94535 0.00246 -7.15
0.266 1.99399 0.56602 51453 0.660 1.95381 0.01545 -5.08 3.150 1.94583 0.0024%9 -7.15
0.268 1.99288 0.5423% 4B.1E 0.680 1.95351 0.01407 -5.23 3.200 1.94570 0.00252 -7.1%
0.270 1.99182 0.52007 #45.1T 0.700 1.95324 0.01286 =5.3€ 3,256 1.94557 0.80256 ~-7.15
0,272 1.99080 0.49311 42.37 0.720 1.95299 0.01188 =5.438 3,300 1.94545 0.00259 -7.15
0e276 1496362 047935 3377 84740 1495277 001086 =-5.53 3.350 1.94532 0400262 -7.15
0.276 1.98888 0.4€071 37.4k 0.760 1.9525€ 0.01003 -5.69 3.400 1.94518 0.00266 -7.15
0.278 1.98798 0.44310 35.29 0.788 1.95237 0.00$29 -5.78 3.450 3.94505 0.00269 <7.15
0.280 1.98711 0.42€45 33,31 6.800 1.95219 0.00863 =-5.8€ 3,500 1.94431 0.00272 <7.15
0.282 1.98627 0.440870 31.4% 0.8206 1.95202 0.0080L -5.94 3.560 1.94478 0.00276 -7.4F
0.284 1,98546 039577 29.79 0.840 1.95187 0.00750 =6.01 3.600 1.94464 0.002739 =7.15
0.286 1.98469 0.381€1 28.22 0.860 1.95172 0.007803 -6.07 3.650 1.94450 0.00283 -7.1F
0.288 1.9833% 0.36817 26.7€ 0.880 1.95158 0.00€59 <-6.1437 3,700 1.9443€ 0.00286 -7.1%
0.290 1.98321 0.35541 25.39 0.900 1.951%€ 0.00620 ~6.19 3.750 1.94421 0.00298 ~-7.15
0.292 1.98251 0.34327 2442 0.920 1.95134 0.00585 -6.24 3.800 1.94407 0.00234 -7.15
0.29% 1.98184 0.33173 22.92 0.940 1.95122 0.C0583 -€.28 3.850 1.9433Z 0.00237 -7.1%
0.296 1.98119 0.32873 21.81 0.960 1.95111 0.00523 <-6.33 3.900 1.94377 - 0.00301 -7.15
0.298 1.98056 0.31025 20.75 0.980 1.95101 0.00437 =-6.37 3,950 1.94362 0.0030% =7.15
0300 1.97935 0.30026 19.77 1.0800 1495032 0.00472 =6.41 4eUUU  3.9434€ 0.00308 -7.15
00305 1.97850 0.27722 17.54 14050 1.95069 0.00420 ~6.43 4,050 1.94331 0.00312 -7.15
0,316 1.97717 0.25€€h 15.6C 1,100 1.95049 0.00378 =-6€.57 44100 1,9421F 0.00315 -7.1%
0.315 1.,97593 0.22818 13.91 14150 1.95031 0.00344 =-6.63 4,150 1.94299 0.003I3 -7.1%
0.320 1.97478 0.221%56 12,41 1.200 1.95015 0.C031€ -6.€8 4.200 1.94283 0.0032Z3 -7.1%
0.325 1.97371 0.20€E5 11.0% 1,250 1.95000 0.00233 <6.73 4.250. 1.,94267 0.00326 =-7.1%
8.330 1.97272 ©£.192396  9.91 1.300 1.94986 0.00274 =-6.77 44300 1.94251 0.00330 ~7.1%
0.335 - 1.97178 0.18060  8.85 1350 1.94972 0.00258 -~6.81 44350 1.94234 0.00334F -7.1%
8.340 1.97091 0.1€935 7.9¢ 1.400 1.94960 0.00246 <6484 4,400 1.94217 0.00337 -7.14
0.345 1.97009 0.1590 7.03 14450 1.949%8 0.00235 <~6.87 4450 1.94200 0.00341 -7.1%
0.350 1.96932 0.149E4  6.2% 1.500 1.94936 6.00226 =-6.ST 4.508 1.,94183 0.00345 -7.13
0355 1.96853 0.14100 5.52 1.550 4.64925 0.00219 -6.92 4,550 1.9416€ 0.00343 -7.13
0.360 1.96791 0.123058  4.8E 1.600 1.94914 0.00213 -6.9% 44600 1.941%48 0.003%2 -7.13F
0.365 1.96726 0.12571  4.28 1.650 1.94904 0.00209 <~6.9€ 4.650 1.94131 0.00356 ~7.13
Ue370 1.9Y6EE5 0411893 3.77 1.700 1.94833 ¢0.00205 -6.98 be700 1.94113 0.003€0 ~-7.13
0.375 1.96607 0.11267 3.22 1,750 1.94883 0.00202 ~7.00 44750 1.94095 0.00364 =-7.13
0.380 1.96552 0.10685 2,78 1.800 1.94873 (0.00200 =-7.01 4.800 1.94077 0.003€7 -7.12
0.385 1.96500 0.10146 2,31 1.850 1.94863 0.00159 ~7.02 44850 1.94058 0.00371 -7.1%
0.390 1.96450 D.0964%  1.9C 14380 1094853 0400138 <-T.03 4e906 1494038 000375 -7.12
0.335 1.96403 0.09176 1.52 1.950 1.94843 0.00188 ~7.05 44950 1.94021 0.00379 -7.12
0.400 1.96353 0.08739 1.17 2.000 1.94833 0.00197 -7.06 5.000 1,94002 0.00383 -7.12
0.410 1.96275 0.07950 G.52 2.050 1.94823 0.00138 <-7.0€ 5.100 1.93963 0.00330 -7.11
0.420 1.96199 0.07257 -0.03 2.100 1.94814 0.00139 ~-7.07 $.280 1.93923 0400398 -7.11
00430 1.96130 O0.0€EL7 <-0.54 2.150 1.94804 0.00189 =-7.08 5.300 1.53883 0.00406 <-7.10
0.440 1.9606€ 0.0€106 =-0.98 2.200 1.94734 0.C0201 ~7.0¢ 5,400 1.93842 0.00413 -7.10
0.450 1.96008 0.0562L <~1.38 24250 1.94784 0.00202 -7.09 5.500 1.93801 n.nnaz—_1 -7.03
0.460 1.95954 0.05195 =-1.74 24300 1.94773 0.00284 =7.1C 5.608 1.9375F C£.00L29 =7.0G
0.470 1.95904 0.04889 -2,07 2,350 1.94763 0.00206 -7.11 5.700 1.93715 000437 ~=7.08
0.480 1.95857 O0.04463 =2.36 2,400 1.94753 0.00208 -7.11 5.800 1.93€71 0.00445 ~7.08
0.490 1.95814 0.041E1 =-2.63 2,450 1.94742 0.00210 ~-7.11 5,900 1.93€2€ 0.00452 ~7.07
0.500 1.,95774 0.038€E8 =-2,88 24500 1.94732 0.002i2 -7.12 6.000 1.93580 0.004€0 -7.0€
0510 1495737 U.02EIZ =3.131 24550 1.947Z21 0.0021G ~-7.17 6100 1.93534 0.004E8 ~-7.06
0.520 1.95702 0.03379 -3,31 24600 1.S4710 0400217 ~-7.13 6.200 1.93487 0.00476 =7,05
0,530 1.9566S 0.031€6 =-3.51 2.650 1.94700 0.00219 =7.13 64308 1.9343C 0.00484 ~7.0%5
0.548 1.95638 0402972 -3.68 2,700 1.94€89 0.00222 -7.13 6400 1.9339C 0.00432 -7.0%
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TABLE 17. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR Lil AT 293 K (continued)®

b -dn/d)x dn/dT by n -dn/dx dn/dT A n -dn/dA  dn/dT
um n o=t 105 k=1 pm ym = 10-5 K~ pm pm™! 105 K-
6,500 1.93340 0.00580 -7.03 9,700 1.91318 0.00768 =~6.73 15.800 1.84845 0.01382 -5.59
€.600 1.93230 0.00508 -7.02 9.800 1.91240 0.00777 ~6.72 16,000 1.8456€ 0.01465 -5.53
6.700 1.93233 0.00516 ~-7.02 9,900 1,91162 0.0078€ =6.71 16,200 1.84283 0.01529 <5.48
64600 1493187 0400526 =701 104000 1491003 0.00735 -6.63 164400 1483395 0401353 -Se42
6,900 1.9313% 0.008532 -7.00 10.200 1.%0922 0.00813 ~6.67 164600 1483702 0401477 =~5.36
7.000 1.93080 0.00540 -7.00 10,400 1.90758 0.00831 ~-6.64 16.800 1.83406 0.01502 <-5.30
7.100 1.9302€ 0.00548 -6.99 10.600 1.90590 0.00843 =~6.€1 17.000 1.83101 0.01526 -5.24
7.200 1.92971 0.00557 -6.98 10.800 1.90418 0.00868 =653 17.200 1.82793 0.015%2 -5.43
7.300 1.92914 0.00565 -6.97 11.000 1.90243 0.00886 =-6.5€ . 17,400 1.82480 0.01577 -5.11
7.400 1.92858 0.08573 -€.,9€ 11.200 1.90064 0.00805 <6453 17.600 1.82162 0.01603 =5.0%5
7.500 1.92800 0.00581 -€.9€ 11,400 1.689881 0.00S23 -€.50 17.800 1.51@ 04015629 -~4.98
7.600 1.92741 0.00589 =6.95 11.600 1.89E94 0.00942 =647 18.000 1.81511 0.01855 ~-4.91
7.700 1.92682 ©0.90598 <-6.94 11,800 1.89504 0.00661 -6.43 18,200 1.81177 0.01682 ~-4.8%
7.800 1.92622 0.00606 =6.93 12.000 1.89210 0.00981 =€.48 184400 1.80838 0401709 -~4.77
7.900 1.92561 D0.80614 -6.92 12.200 1.89112 0.01000 =-6.37 18.600 1.80494 0.01736 ~-4.69
2.000 1.92539 0.00623 <-6.91 12.400 1,88910 0.04019 =6.32 18.800 1.80164 0.01764 =4.61
B.100 1.9243€ 0.0CE31 -6,9C 12.600 1.887064 G.01039 -6.30 19,068 1.79788 0.01792 -4.5%
8.200 1.92373 0.00639 =-6.8% 12.800 1.88494 0.01053 =6.26 19,200 1.79427 D0.01821 -4.4E
8.300 1.92308 0.0CEGB =6.,88 13.000 1.88Z80 0.01079 <-6.22 19.400 1.79760 o.ug_sg -4.37
8.400 1.92243 0.008656 -§,87 13.200 1,88063 0.01099 -641% 19.600 1.78€E87 0.01879 -4.29
84500 1.,92177 0.00865 -6408 134400 1467841 0401120 -644% 19000 1.7030C 0.01309 -4.20
8.600 1.92110 0.00€73 <-6.8F 13.600 1.87€15 0.01140 <6.11 20,000 1.77%23 0.01339 ~4.11
8.700 1.92043 0.00682 -6.8% 13.800 1.87385 0.011€1 ~6.0E 20.500 1.76334 0.02017 ~3.88
8.800 1.91374 0.00630 <~€.83 14,000 1.87150 0.04182 =-6.02 21,000 1.,75306 0402897 ~3.63
8,900 1.9130% 0.00899 -6.82 14,200 1.86912 0.01Z06 ~5.98 21.500 1.74837 0.02180 ~3.37
9.000 1.92834 0.00707 -6.81 14,400  1.86669 0.01225 -5.93 22.000 1.73725 0.02Z€7 ~3.0%5
9.100 1.91763 0.00716 =6.80 14.600 1.86421 0.01247 <-5.89 22.500 1.7256S 0.02358 ~2.7%
9.200 1.91631 0.00725 <6.73 144800 1.86170 0.012€9  ~5.84 23,000 1.71367 0.02452 ~2.47
9.300 1.91618 0.00733 <=6478 15.000 1.85914 0.01291 -5.79 23.500 1.7011€ 0.02551 <-2.13
€400 1.91544 0.00742 -6.77 15.200 1.85€54 0.01313 =5.74 24,000 1.6881% 0.02653 ~1.77
9.500 1.91470 0.00751 <-6.75 15.400 1.85389 0.01336 -5,69 244500 1.67462 0.027€1 ~1.38
9.600 1.9139% D.007€0 +6.74 15.600 1,8511¢ 0.01359 -5.64 25.000 1.,€605L 0.02874 ~-0.96

* In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison.
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.4, The
number of digits with an overstrike are not relevant to accuracy of the data.
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3.5. Sodium Fluoride, NaF

Sodium fluoride is less. hygroscopic than the other
alkali halides, with the exception of lithium fluoride.
1t is transparent over the same range as calcium fluoride,
a wider range than that of lithium fluoride. Tt is not
satisfactory mechanically, but it has some uses in cases
where a particularly low refractive index is needed.
It can be easily evaporated as a thin film and can be
used for reflection-reducing coatings, since it has onc
of the simple crystal structures. A number of the
characteristic physical properties have been measured;
those related to the dispersion of NaF are listed in
table 3.

Available data on the refractive index of NaF are not
abundant, mainly because of its mechanical weakness.
The ultraviolet absorption region was investigated by
Sano [49], the transparent region by Hohls [29],
Harting [30], Kublitzky [50], and Spangenberg [45],
and the infrared region by Randall [51]. Zarzyski and
Naudin [44] obtained n for molten NaF at the Hg green
line at a temperature of 1273 K. After carefully reviewing
of all of these investigations, we selected the data re-
ported by Hohls {29], Harting {307, Kublitzky {50], and
Spangenberg [45] as the basis for the generation of
reference data. Among the selected data, those of
Harting [30] and Hohls [29] (curve 3 in fig. 17) are
reliable and receive heavy weight in the analysis. The
accuracy of Kublitzky’s value is one unit of the third
decimal place, although his values are reported to the
fourth place. Three sets (curves. 4, 5, and 6) of Hohls’
measurements are for thin films and therefore are not
consistent with those of bulk materials. Values reported
by Spangenberg are inaccurate. Low weights were
given to the data sets with low accuracies.

It appears that all the chosen data were obtained at
temperatures close to 293 K and that the dn/dT values
are small (less than —1.5X10-5K-1), so that correc-
tions to the chosen data are not significant. However,
knowledge of dn/dT is indispensable for reducing the
n values io other temperatures. Limited experimental
data on dn/dT were reported by Hohls and Harting.
The results of the least squares fitting of the dn/dT
data to eq (19), together with the results obtained for
LiF, NaCl, KCl and Csl, lead to the empirical parameter
values listed in table 5. These enable us to construct a
formula

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976

2n %=—9.51(n2—1) —0.92

3.404\4 83.30\*
(A2—0.01369)2" (A\2—1645.92)%°

for estimating dn/dT of NaF in units of 10-5K -1, Values
calculated by this equation agree very well with the

available data as shown in figure 19. -
Radhakrishnan [48] workced out a formula to corrclatce

the dispersion and the characteristic absorption peaks.
His formula gives values of 6.00, 0.114 um and 45 um
for the static dielectric constant, and the wavelengths of
ultraviolet absorption and infrared absorption peaks,
respectively, in considerable disagreement with the
values now available (see table 3).

After making \emperature corrections to the chosen
data on n, the resulting values were least-squares fitted
to eq (10) with the aid of appropriate parameters from
table 3. We get as the dispersion eqguation of Nal at
293 K in the transparent region, 0.15-17.00 pm,

(31)

w21 41579 + .0‘32785 A2 . .3.18248 A2 39)
A= (U.L17)% A% — (40.57)%" o

where A is in units of um.

Equations (31) and (32) were used to generate the ref-
erence data given in table 17; dn/d\ values were evalu-
ated by taking the first derivative of eq (32). The genera-
ted values are given to extra decimal places for the
purpose of tabular smoothness. The uncertainties in the
values are as follows:

For refractive index:
Wavelength range

Meaningful Estimated

(pm) decimal place  uncertainty, =+
0.15- 0.20 3 0.006
0.20-11.00 4 0.0005
11.00-17.00 3 0.006
For dn/dT:
0.15- 0.18 1 0.9
0.18- 3.00 1 0.1
3.00-13.00 1 0.4
13.00-17.00 1 0.9
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TABLE 20. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR NaF AT 293 K *

) - dT X -dn/dx  dn/dT X -dn/dx  dn/dT
: “)‘m : n d;,(-‘-ix)‘ 1?)-35/K“‘ ym n pm= 10-5 K- um n ©pmt 105K
0.150 1.5003€ S5.77746  3.1Z 8.270 1.34873 0.25€64 <-1.32 0.700 1.32365 0.01148 <-1.65
0.152 1.49004 5.16504 = 2.68 0.272 1.34828. 0.24943 =~1.32 0720 1.32343 0.01064 =1.69
8.15h 1.480Z8F 4.644Z5 2,30 0.274% 1.34779 0.24251 -1.33 0.740 1.32227 0.00989 -1.63
0,156 ~1.4748% 4.19787  1.97 84276 1434731 0.23585 -1.3% 0.760 1.32303 0.0092Z ~1.7G"
04158 “1.46341 3.81182  1.68 04278 1.34€84 0422945 <~1.3% 0.780 1.3228%. 0.00862 <-1.70
04160 1.45613 347617  1.43 0.280 1.34633 0.22323 =-1.3% 0.800 1.3226€ 0.00803 -1.7T
0.162 1.44948 3.18237 -1.20 0.282 1.34595 - 0.21735 ~1.3€ 0.820 1.32253 0.00761 =1.7C
D164 1.44338 2.92374  1.80 0.284 1.34552 0.21164 -1.37 0,840 1.32238 0.00718 =1.70
S 04166 1.43776 2.69480  0.83 0,286 '1.34510. 0.20613 -1.38 0.860 1.32224 0.00680 -1.78
0.168 1,43258 2.4914%% 0467 04288 1434470 0.2068Z ~1.38 0,880 1.32211 0.00645 -1.70
0,170 ' 1.42778 .2.30975  0.52 0,290  1.34430 0.19573 -1.33 0900 1.32198 0.00614F ~1.71
8.172  1.42333  2.1468%  0.39 0.292 1.34391 0.19076 =1.40 0.920 1.3218€ 0.00585 -1.71
8.174 1.41918 2.00022 0.27 0.29% 1.34354 0.18600 =1,40 0.940 1.,3217% 0.00553 =~1.71
0.176 1.41532 1.86778  0.17 00296 1434317 0418440 ~1.41 0.960. 1.32164 0.0053% . -1.71
04178 1.41170 1.74777  0.07 0.298  1.34281 0.17€95 -1.41 00980 1.32153 0.00515. <~1.71
0,180 1.40832Z 1.638€8. -0.0% 00300 1.3424E 0.17266 =1.42 1.000 1.32143 0.00496 -1.71.
0.182° 1.40514 1.52923 <0411 0+305 1.34163 0.16254 <~1.43 1,050 1.32120 0.00655 ~1.71
0.184. 1.40216 1.44832 -0.18 0.310 .1.,3408% 0.15223 -1.4% 1.100 1.32098 0.00422 ~-1.71
0.186 1.3993% 1.36501 <0.25 00315 1.34009 U0.144€h ~1.4E 1.150 1.32077 0.00397 ~-1.71
0.188 - 1.39663 1.28848 <-0.32. 0.320 1.3393% 0.13€71 =-1.47 1,200 1.32058 0.00376 -1.71
04190 - 1439419 1.21802 ~0.38 00325 ° 1433872 0.42938 -1.48 1.258 1.3203% 0.0036% -~1.7%
0.192  1,39132. 1.15300 -0.4% 0.330 1.33809: 0.12257 ~-1.43 1,300 1.3202Z 0.00348 =-1.71
0.194 1.38957 1.0S283 =0.43 0,335 1.33750 0.11€26 =150 1.350 1.3200% 0.00338 -1.71
0,196 . 1.38744 1.03720 ~-0.5% 0.340 1.33€93 £.11039 -1.51 1,400 1.31988 0.00331 -1.71
0.198. ‘138542 0498552 . =0.5% 0,345 1.33€39 0.10492 ~-1.51 14450 1431971 0.08326 -1.71
0.200 '1.38350 0.93747 ~-8.€3 - . 0.350 1.33588 0.09982 =-1.52  1.500 1,31955 0.00322 -1.71
0.202 1.38167 0.89272 -0.67 0,355 1.33533 0.09506 -1.53 1.550 1.31939. 0.008320  -1.71
0.204 1.37992° 0.85039 =-0.71 0,360  1.33493 0409061 =-1.54 1.600 1.31923 ~0.00319 ‘~1.71
0.206° 1.3782€ 0.81200 <-0.75 04365 1.3344% 0.08644 ~1.5k 1.650  1.31907 0.00313 .-1.71
0.208 1.37668 0.77553 <~0.78. 0.370 1433407 0408253 =1.58 © 14700 1031891 0.00320 -1.71
0.210 1.37518 0.74126 -0.81 04375 . 1.3336E  0.0768E. -1.55 1.750 1.3187% 0.00322 " -1.71
0.212 1.37371 0.70931 -0.8%4" 04380  1.33328 0.07542 <-1.58 1,800 1.31859 0.0032% . =1,7%
0.244 1.37232° 0.67921 <-0.87 04385 1.33291 0.07218 =157 1,850  1.31843 0.00327 ~1.71
04216 1437093 0.65090 =0.90 0,390 1.33255. 0.06913 =1.57 1.908 1.3182€ 0.00330 -1.7%
0.218 1436972 0.62425 <0.93 0.395 1,3322Z 0.06626 =-1.58 1.950 1431810 0.0033% -1.71
0.220 1.36843 .0.59913 <-0.9% 0,400 1033189 0406354 =1.58 2,000 1.31793 0.09333 < -1.7%
0.222 1.36732 0.57543 <=0.97 0.410 1,33128 0.05857 <=2.59 - 2.050 1.3177€ 0400342 =-1.71
De224 1436613 0.55305 0,00 04420 1.33072 0.05411 ~1.60 2.100 1.31759 0.00347 ~1.71
8.226 1.36510 0.53188 . -1.82 0.430 1.33020 0.0501Z =167 24150 - 1.31741 0.08352 ~1.70
0.228 1.364L0f . DN.5118 -i.04 DL 1.32971 0.04L652 -1.61 2.200 1.31724 0.08357 -1.78
84230 1436306 . 0.4S287 . -1.06 0.450 1422927 0.04227 <~1.€Z 2.250 1.31708 0.00362 =170
04232 1436203 0.47488 =1.08 - D.4€0 1.32885 0.04033 -1.62 2,300 1.32€87 0.00363 ~-1.70
04234 1.36116 D.45781 <-1.09 - 0.470 1.32846 0.03766 -1.63 20350 1.31€69 " 0.00374 =-1.70
0.236 1436026 0.441€0 -1.11 B.480 1.3280F 0.0352%F ~-1.63 ‘24400 1,31€50 0.80380 -1.70
0.238 1.35939 0.42619 <~1.13 0.490 1432775 0.03302 ~-1.E4 20450 1.31631 0.00386 <-1.7%
042640 1435855 D.41153 <-1.14 00500 . 132743 0.03100 =~1.€h 2,500 1431611 0.00392 <-1.70
0,242 1.3577% 0439757 <~1.1€ = 04518 1.32713  0.02915 ~1.65 2,550 1.3159Z2 0.00398 =1.6%
0.264 1.35696 0.38428 ~1.17 0,520 1.32€85 0.02745 -1.65 24600 1.31572 0.00405 <1.6%
0246 1635621 0437168 -1.13 04530 1432650 0602588 <1463 200650 1431551 0400411  =1.€%
0.248 - 1.35547  0.35951 1,27 04540 1.32€33 0.02445 ~1.€F 2.700 1.31531 0.00448 <~1.6%
0,250 - 1.35477 8.34797  -1.21 0,550 - 1.32€03 0.02317 ~-1.6€ 2.756 1.31505 0.00425 . -1.63
0.252 1.35408 0.33€96 -1.22 0.560. 1.32587 0.02483 -1.6€ 2,800 1.31488  0.00431 <1.€9
0.264  1.36342. 0.32640 -1.2% 0.570 '1.3256% 0.0207% -1.€% 2.860 1.3146%T 0.0043F -1.63:
04256 1.35278 0431632 -1.2F 0,580 1.32548 0.01578 -1.67 20900 1.3144% 0.00445 <-1.68
04258 135215 0.30€€7 ~1.2€ 0.590 1.3252€ 0.01873 -1.67 2950 1.31422 0.00452  ~1.68
04260 -1.3515% 0.29743 -1.27 0.600 1432508 0.01782 =-1.67 3.000  1.31393 0.00453 -1.€38
0.262 1.3509€  0.28858 <-1.28 0.620  1.32474 0.01619 -~-1.68 3.050 1.31376  0.004656 <-1.68
0.264 1.35040. 0.28003 -1.29 04640  1.32643 0401477 - -1.€8 34100 1431352 0.00473 -1.68
00266 1.3498% 04271S5 -1.37 0.660 1.32415 0.01353 ~-1.68 3,150 1431329 0.00480  =1.67-
£.268 1.34331 0.2E414 <1.31 0.680. 1,32389 0.0124k =1.63 3.200 - 1.3130% 0.00488 <-1.67
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TABLE 20. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR NaF AT 293 K (continued)*

b -dn/dx dn/dT A ~dn/d) dn/dT Py n -dn/d\  dn/dT
wm n pm =t 10-5 K~ pm R 10-5 K1 pm um™t 10-5 K
3.250 1.31280 0.00495 -~1.67 5.600 1.29688 0.00870 =1.53 9.700 1.24525 0.01695 <-0.S8
3.300 1.31255 0.00502 -1.67 5.700 1.29600 0.00887 =1.52 9.800 1.2435% 0.01713 -0.9E
3.350 1.31230 0.06510 -1.67 5.800 1.29511 0.C0904 =1.51 9.900 1.24182 0.01743 -0.94
3,400 1.31204 0.00S17 -1.€€ 54900 1.29413 0.00S2Z2 -1.50 10,000 1.24G60€ 0.017€8 ~0.9Z
3,450 1.31178 0.08524 ~1.6E 6,000 1.2932€ 0.00939 =~1.5C 10.200 1.23€4% 0.01818 -0.88
3.500 1.31152 0.0053Z -1.€E 6.180 1.29231 0.08957 ~-1.45 10,400 1.2327C 0.018€3 -D.83
3.650 1.3112F 0.00539 -1.6E €.200 1.2913% 0.80S75 ~1.48 10.600 1.22900 0.01921 -0.78
3.600 1.31098 0.00547 ~1.65 64300 1.29037 0.00992 =~1.47 10,800 1.22510 0.01975 <-0.73
3.650 1.31070 0.0055% =1.6% 6400 1.28936 0.0101T -1.4E 11.000 1.,221i0 6.02029 ~-0.€8
3.700 1.3104Z 0.00562 -1.6% 64500 1.2883%F 0.01029 -1.45 11,200 1.24€98 0.02085 <-0.63
2,750 $.31014 0,00570 -1.65 6.600 1,28731 0.01047 -1.44 11,400 1.2427€ 0.02143 -0.57
3.800 1.30985 0.00577 ~-1.6% 6.700 1.28€25 0.01066 =-1.43 11.6006 1.20841 0.02202 <-0.51
3.850 1.3095€ 0.00565 ~-1.64 6.800 1.28517 0.02084 -1.42 11.808 1.2038E D.022€2 -0.45
3.900 1.30927 0.00593 -1.€4 6.900 1.28408 0.01103 -1.41 12.008 1.1993€ 0.02324 =-0.38
3.950 1.30897 0.00600 <-1.64 7.000 1.28297 0.01122 =-1.33 12.208 1.1946% 0.02387 -0.32
4.000 1.30867 0.00€08 <-1.63 74100 1,281854 0.01141 ~-1.38 12,400 1.18981 0.02452 <-0.2%
44050 " 1.30836 0.006156 <~1.63 74200 1.28069 0.011€60 =-1.37 12.600 1.18484 0.02543 -0.17
4.100 1.30805 0.00€24 -1.63 7.300 1.27952 0.01173 <-1.3€ 12.800 1.17974 0.02588 ~-0.03
4,150 1.3077% 0.00631 -1.63 7.400 1.27833 0.01199 -1,35 13.000 1.17449 0.02658 -0.01
4,200 1.30742 0.00633 -1.62 74500 1.27742 0.01218 =-1.3%4 13.200 1.1691C 0.02731 0.07
44250 1.30710 O0.00€47 -1.62 7.600 1.27589 0.01238 -1.32 13.400 1.16357 0.028(6 0.1E
4e300 1430677 DOUESS -1.62 7700 4.,274€5 0.024258 -1.31 13.600 1.15?88 0.02883 0.25
4.350 1.3064% O0.0CEE3 -1.67 7.800 1.27333 0.01278 -1.30 13.800 1.15204 0.029€2 0.3%
4.400 1.30611 0.00671 <-1.631 7.900 1.27209 0.01298 =-1.28 14.000 1.14603 0.03044 0.45
4,450 1,30577 0.00679 -1.61 84000 1.27078 C.01318 =-1.27 144208 1.1398€ 0403128 0.55
4,500 1.30543 0,00687 <-1.61 8.100 1.26945 0.01333 -1.2€ 14,400 1.13351 0.03216  0.EE
4,550 1.,30508 0.00€95 <~1.60 8.200 1.26810 0Q.012€0 -1.24 14,600 1.1269S 0.03306 0,78
4600 1.3047% 0.06703 ~-1.60 8.300 1.26€73 0.01381 -1.23 14,800 1.12629 0.83393 0.SC
4.650 1.30438 0.00711 =~1.60 84400 1426534 0.01402 =~1.21 15.000 1.113%0 0.03495  1.03
44700 1.30402 €.00719 ~1.58 8.500 1.26393 0.01423 -1.2% 15.208 1.10€31 0.0359 1.1%
44750 130368 U0.00727 <1459 Be600 1426257 0401445 =1.18 15400 1.09901 0.03699  1.33
4,800 1.30330 0.00726 ~1.5€ 84700 1.26104 0. 014E6 ~-1.1E€ 15.600 1.09151 0403806 1445
4,850 1.30293 0.0074k <~1.58 84800 1.25356 0.01488 -1.1% 15.800 1.08379 0.039i7 1.61
4¢900 1.30255 0.00752 -1.58 84908 1.2580€ 0.01510 -1.13 16,000 3.07584 0.04033 1.77
4,950 1.30247 0.00760 =-1.58 9.000 1.25€54 0.01532 =-1.11 16,208 1.06765 0.04153  1.9%
5.000 1,30173 0.007€8 <~1.57 94100 1.25500 001555 ~1.10 16,400 1.05922 0.04278 2.13
54200 1.30162 0.00785 <1.57 9.200 1.25343 0.01578 =-1.08 16.600 1.05054 0.04408 2.32
5.200 1.30022 ©€.00802 -~1.5E 9.300 1.2518% 0.016C1 <~1.0F 16.800 1.0415S 0.04543 2.52
54300 1.29941 0.00819 =1.5% 3.400 1.25023 0.01624 =-1.0% 17.000 1.0323€ 0.04685 2.73
5.400 1.29853 0.00836 -1.5% 9.500 1.24860 0.01€47 -1.02

# In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison.
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.5. The
number of digits with an overstrike are not relevant to accuracy of the data,
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TADLE 24. COMPARISON OT DISPERSION EQUATIONS PROFOGED IFOR Nal®

Source Wavelength ang Dispersion Equation
ourc Temperature Ranges Adnym; yincem™
Harting, B. [30] 0.199-1.083 ym n=131862 + ——2:00252
1943 293 K (A - 0.100G)-4
2 2
Radhakrishnan, T. (48] 0.1860-10,10 ym = 142664 + —2 209007, £ 2528407
1948 293 K 32 -0.012056 22 - 2044.8
— q \2
Present work 0.16-17. 00 gm n?=1.41572 4 325N S 1BB4E N
1975 293 K A - (0. 11T)2 A% - (40.57)?

J. Phys. Chem. Ref. Data, Vol. 5, Na. 2, 1976



REFRACTIVE INDEX OF ALKALl HALIDES 385

3.6. Sodium Chloride, NaCli

Rock salt is uniformly transparent from 0.2 um in
the ultraviolet to 12 um in the infrared. In the region of
15 pum the absorption increases rapidly. Rock salt in
moderately thin pieces may be expected to transmit
several percent of the light up to wavelengths as long
as 26.0 um. However, a plate 1 cm in thickness is com-
pletely opaque to radiation of wavelengths greater than
20 pm.

Rock salt has long been a favorite material for in-
frared spectroscopy. It polishes easily and, although
hygroscopic, can be protected by evaporated plastic
voatings. It shows excellent dispersion over its entire
transmission range. It has been difficult. however. to
obtain natural rock salt crystals of sufficient size and
purity for making optical components. As crystal-
growing techniques advanced, synthetic sodium chloride
crystals have been grown up to 11.3 kg in weight com-
mercially, making this material readily available for
large optical parts and stimulating the design and con-
struction of infrared instruments. ,

Measurement of the refractive index of sodium
chloride dates back to 1871, when Stefan [53] deter-
mined the refractive indices of a rock salt prism for lines
B, D, and F. Since then, a large amount of data in the
transparent region has been contributed by a number of
investigators, among them are Martens [54], Paschen
[55]. and Langley [56] They nced either the deviation
method or interferometry in their experiments. It was
not until 1929 that measurements were carried out be-
yond the transparent region. Kellner [57] determined
refractive indices of NaCl in 23-35 um region, based
on information on transmission and reflection of thin
specimens. Data in the infrared region are now available
up to 300 um and at 2000 um. Most of the IR data were
determined from the analysis of the reflection spectra.

After a careful review of the available data, six data
sets measured by Martens [54], Paschen [55), Hohls
129], Harting [30], Rubens and Nichols [58], and Rubens
and Trowbridge [59], were selected as the basis for refer-
ence data generation because of the consistency of their
results. Data sets which are not selected were either
reported as poor values or were determined by inade-
quate methods. Data for the absorption regions were
not included in the analysis but are given here for
completeness of data presentation. Note that the
selected data, except those of Harting, were obtained at
a temperature of 291 K. A temperature correction should

be made w reduce them 1o 293 K. ]
The temperature coefficient dn/dT is available over

a large part of the transmission region of NaCl. Based
on the existing data on dn/dT and the parameters from
tables 2 and 3, a least-squares fitting of the data to eq

(19) was made. The results, together with those obtained
for LiF, NaF, KCl and Csl, provided clues that led to the
parameters listed in table 5. With the aid of these param-

eters we were able to construct a formula for calculating
dr/dT for NaCl:

2n§—%=—- 11.91 (r2—1)—0.50

6.118 A4
(A2—0.02496)>

199.36 A4
(A2—3718.56)2°

+ (33)

where dn/dT is in units of 10~ K-! and A in um.

In figure 23, values calculated by eq (33) are compared
with the experimental data. It appears that for wave-
lengths less than 2 microns the calculated values are
higher than experimental data, while for longer wave-
lengths the reverse is true. After a careful review of the
data on dn/dT and the table of source and technical
information, we find that data sets 34,42, 43 and 45 were
obtained at mean temperatures of about 330 K, which is
about 40 degrees higher than 293 K, while data set 44
was obtained at temperatures about 20 degrees lower
than 293 K. Although we stated in connection with eq
(4) that dn/dT is found 1o be relatively independent of
temperature over a fairly wide range of tempera-
tures, it has been in fact observed in halide crystals that
the absolute value of dn/dT increases somewhat with
increasing temperature. This fact is demonstrated
clearly by eq (33), as can be seen in figure 23 in the wave-
length region below 2 um. In the higher wavelength
region, the existing data are insufficient to test the dn/dT"
formula, but the correctness of this formula can be
substantiated by two facts. The first is that the calcu-
lated curve is approximately parallel to curve 44, which
is consistent with the observed dn/dT behaviors. The
second is that the empirically constructed formula
for Csl predicts correct values for Csl in the long
wavelength region, as is discussed in subsection 3.20
and is assumed to be generally the case here.

Equation (33) was used to make temperature correc-
tions to the selected data sets which were obtained at
temperatures other than the selected reference tempera-
ture, 293 K.

Various dispersion formulas have been reported by
a number of authors, in different forms. Table 29 con-
tains a number of typical formulae. They have all been
reduced, wherever possible, to standard forms so that
a cluse compatison cvan be easily made. From the in-
formation in tables 29 and 3, input parameters for least-
squares fitting were obtained. The calculation yielded
the following dispersion equation for NaCl at 293 K in
the transparent region, 0.20~30.00 um,

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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2 1.00055 4+ 9_19300,\2 0.48398)2 For refractive index:
A2—(0.050)2 Az—(0.100)2
’ Wavelength range Meaningful Estimated
0.38696)\2 0.25998)2 0.08796\2 (um) decimal place  uncertainty, =
A2—(0.128)2  Az2—(0.158)2  AZ2— (40.50)2 0.20~ 0.95 3 0.006
3.17064\2 0.30038\2 0.25- 0.35 4 0.0005
T A= (60.98)2 " Az— (120.34)2’ (34) 0.35-10.00 4 0.0001
10.00-15.00 4 0.0003
15.00-25.00 3 0.006
3 0.02

where A is in units of um. 25.00-30.00
Equations (33) and (34) were used to generate the -

reference data given in the table of recommended For dn/dT:

values; dn/d\ values were evaluated from the first

derivative of eq (34). The numbers in the table of recom- 0.20- 0.24 1 0.8
mended values do not reflect the degree of accuracy 0.24~ 4.00 1 0.2
and extent of reliability; extra decimal places are given 4.00-15.00 1 0.4
for tabular smoothness. Actual uncertainites are as 15.00-20.00 1 0.6
follows. 20.00-30.00 1 0.9

J. Phys. Chem. Ref. Datq, Vol. 5, ™



REFRACTIVE INDEX OF ALKALI HALIDES 387

TABLE 25, RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR NaCl AT 203 K *

by | -dn/d)x dn/dT X n -dn/dx  dn/dT by n -dnfdx  dn/dT
um n um= 105 K~ um : ym~t 105 K- - um -t 10-5 K~
0.200 - 1.7699% 6.11789  4.6F 0,350 1.£8202 0.36791 <-2.7E 1.500 1.5282% 0400447 ~=3.32
0.202  1.78617 4.758E8 4,07 8,365 1,%8023 0,3495F -2.78 . 1.550 1.52802  0.0041% -3.32
0.204 1.77033 - 4.43888 3.4 - 0.3€0 - 1.57857 0.3323F -2.81 1.600 1.52782 0.,0039% -3.32
0.206 1,76234  4.15156 ° 2,98 D.3€5 1.57690 0.24€38 -2.85 - 1,650 1.52763 0.003€8 < -3.32
0,208 1.75431 = 3.89222 . 2.55 0.370 1.5753F 0.30142 ~-2.8E 1,700 1.52745 0.00348 -3.32
0210 1.74676 3465792 2.1E 0.375 1.5738% 0.2874% <=2.87 1,750 1.5272F 0.08321 -3.32
0.212 1.73966 3.44506  1.81 0.380 1.57248 '0.27435 -2.89 1.800 1.52742 0.0031% -3.32
0.214 1.73297 3.25098 - 1.58 0.385 1.5711% 0.26207 =-2.91 1,850 1.52697 - 0.00302  -3.32
04216 1.72665 - 3.0734b4  4.21 0.390  1,56988 0.25053 -2.93 - 1,900 1.52€82 - 0.80291 <3.3Z
04218 -1.7206€  2.91051 0.9€ 0.395 1,56864 0.23963 ~-2.9% 1,950 1.52€68 0400281  =3.32
04220 - 1471633  2.7€0E8 . 0.72 0,400 1.5674€ 0.22943 -2.9E 2,000 1.52€54 0.00272 =3.32°
0.222° 1.70961 - 2.62223 050 0.410 1.5652€ 0.21081. -2.S8 24050 14526407 0.00264 -3.32
0.224 - 1.70458 2.4C426 0.3¢C 0.420 - 1.£6324 . 0.194417 - ~3.0C 2.10¢ 1.£2€27 0.002£7  -3.32
0.226 - 1.63983 2.375EL  0.42 0,430 1.86137 ©0.17928 -3.03 24150 1.52€1%. 0.00287 -3.32
04228 1.69433  2,2€536 ~0.05 . 0.440 1.55965 0.16593 ~-3.0% 2,200 1.52€0Z7 0.00247. =3.32
0.230 1.69056 2.1€271 - ~0.2% 0.450 1.55805 . 0.15390 =3.0€ ~  2.250 1452590  0.00242 =3.32
04232 - 1.68634 2.06636 ~0.35 0.4E0 1.55657 . 0.14304 =-3.08 2.300  1.52578. 0.00233 -3.32
0.234  1.68229 1.97747 <0.4€ . 0670 1465519 0.43220 -3.0% 24356 1.52566 0400236 =3.32
04236 1467842 1.88370 '~0.61 0.480° 1.55290 - 0e.12427 =3.11 24400 1.52554  :0.00233- -3.32
04238 1.67471 - 1.81516  ~0.73 0.49C . 1,55270 0.11614 -3.12 2,450  1.52543 . 0.00231 -3.32
0240 1.6714€ 1.74140. ~0.8% 0,500 - 1.55157 - 0.10872 ~3.13 2.500 1.52831 0.00229 <-3.3Z2
0,242 - 1.66774. - 1.67204 <~0.9% 0.510 ~ 1,55052 (.10493 -3.14 2,550 1.52520 '0.00228 . -3.32
Be264  1.66407 1.60671 ~1.0% - 0.5z0 1.54953 0.09571 =3.15 2.600 1.52509 . 0.00227 =3.32:
02546 1.66132 1.54512 <~1.13 04530 1.5%861 ' 0.09060 =3.1E 2.650° 1.52497 0400225 -3.3Z
0.248. 1.65828 : 1.48E37 =~1.21 - 04540 - 1.54773. 0.0847% -3.17 2.700 1.5248€ 0.00228 ~3.32"
04250 1465537 1.43200 ~1.2S . 04550 1.56691 0.07689 =-3.17 2.758 1452475 . 0.00225 <3.,3Z
04252 1465255 1437659 ~1.36 0.560 1.54€13 0.087542 =3.18 “24800 1452463 0400226 -3.32
0e254 £46498%  1.3307% ~1.43 0,670 1.5456F - 0.07128 -3.13 2.850 1.52457  0.00228  -3.32
0.256 1.64723 1.28398  -1.50. = 0.580 1.S4471 0Q.0€744. -3.20 2.900 1.52t41  0.00226: -3.32
0e258  1.64471  1.239€3. ~1.5€ “ 84590 1.54405 (0.063688. -3.20 2,950 1.5242% ¢.00227 -3.32
0-260 $.64227  1.19748 -1.6Z 0:600. 1.54343 0.06058 -3.2T 34000 1452413 0.0022F - -3.31
00262 1463991 1.15740 -1.63 0.620 1.54228 '0.05463 -~3.22 34050 1.52407 0.00229 -3.31
04264 1463764 1.11925 <1.7F 04640  1.5412%. 0.04245 =3.27 -~ 34100 1.5239F 6.00230 --3.31
0.266 . 1.€3544 1.08291 -1.78 04660 1454037 €.04493 -3.23 " 34150 1.5238% 0.00231 -3.31
04268 - 1.63331  1.04826 1483 . . 0.680 1453944 " 0.04095  =-3.2% 3.200 1.52377 . 0.00232 =3.31
04270 1463124 1.01520 -1.88 04700 1.53865 0.03744 =3.25 3.250 1.52361 . 8.8023% -3.31
0.272 1.62924 0.983€3 -1.92 0.720 1453794 0.03433 ~3.2% 3.300 1.5234  0.08235  -3.3%1
0,274 1.62731 0.9E347  =1.97 04740 1.53728 - 0.03456  -3.2€ 3.350 1.52337  0.00237 . -3.31
04276 ° 1462543  0.924€2 -2.01 04760 1.53667 0.02909 =-3.2€ 3400  1.5232% - 0.00239 ' -3.31
0.278 3.62361 0.83702 -2.04 0.780 1.53€41 - 0.0268% ~3.27 3,450 1.52317 0.00241: -3.31
0.280 :1.6218% 0,87060 -~2.0F 04800 1.53560 0.82490 -3.27 3.500  1.52307 0.00242° -3.37
0.282 1.€2012 0,84528 -2.1% 0.820 4.53547 0.02312 -3.28 3.550  1.5228%: 0.0024%F ~-3.37
02286 1464848 0,82100 -2.4% D.840 3.53467 0.02150 ~-3.2% 3.600° 1.52277 - DeD024E - =343T
04286 1.€1684  0.76772 <-2.18 0+860 1.5302E- 0.0200% -3.28 3,650 1,5226% - 0400243 -.=3.3T
0.288° 1.€1527 0,77837 -2.21 = 0.880 1.E3387 0.01872 -3.29 3.700- 1.52252 0.00251. --3.30
00290  1.6437% . 0.75391 -2,20 0.900  1.83351 0.8175Z -~3.2% 3.750  1,5223Y 0.00253 ~3.30
0.292  1.61225 §.72229  -2.27 © 0920 1453317 0.01642 ~3.29 3.800 1.5222€ 0.00255 ~3.30
0.29%  1.61080 - 0.71247  -2.30 ' 0.940 1.53285 0.C01542 -3.29 3,850 1.52214T% 0400257 - ~3.30
0.296 1460940 0.69441 <2,37 0.9€0 1.53255 -0.01450 -3.37 3,900 1.5220T 0.00260 - =3.37
0.298. 1.60803 0.67606 ~2e3% . Se520 123227 Be01JEE -Je3C 3«950 1452180 000262 -3.30
0,300 1.6066% 0.66840 <-2.37 714000 1.53200 0.01289 -3.30 44000 © 1,5247% 0.002€5 © =3.30
0.305 1460350 0.61701 <2,43 1.050  1.53140 0.01121 -3.30 4.05C 1.52161  0.00267  -3.2%
00310 1.€0052 (€.57923 -2.48 1.100 1.53088: 0.00984 -3.31 4,100 4.5244E 0.00270 -3.29
‘04315 1.59771 Q. 54465 -2,83 14150 1.53061 0.00871 -3.31 44150 1452134 000272 <3.2§
0.320 1.59506 ' 0.51231 <=2.57 . 1.200 1.%3000 ¢€.00777 -3,31 44200 -1.52121 . 0.00275.  -3.29
8.325 - 1459257 0+4€373 -2.61 14250 1.52963  0.00698 =-3.31 44256 1.52407 0.00277 <3.29
0.330 1.59022 0.45683 -2.€h 1.300 1.52930  0.00€31 -3.32 4,300 1.52093 0.00280 -3.29
00335 1.58800 0.42199 =-2.68 1.350 1.52900 0.0057% -3.32 4,350 . 4.5207% 0.00283  ~3.28
0.340  1.58597 - 0.40900 - -2.71 1,400 1.52873 0.00526 =-3.32 44400 1.5206% 0.00285 =3.2%

0.345  1.58391 0.387€3  -2.7% 1,450 1+52847 - 0.0048% -3.32 44450 11,5205 0.00288°.-3.28

J. Phys. Chem. Ref. Data, Vol. 5; No. 2, 1976
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TABLE 25, RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR NaCl AT 293 K (continued)®

X n -dn/d)\ dn/dT X 2 -dn/d)  dn/dT X n -dn/dy  do/dT
um pmt 10-5 K- pm wm= 108K um ym~t 108K
4,500 1.5203€ 0.00291 ~3.28 B.400 1.50432 0.00541 -3.11 15.600 1.4446€ 0401158 -2.20
4,550 1.52021 0.00293 =~3.28 Be500 1.50377 0.00548 -3.1T 15.800 1,44233 0.01173 -2.1%
4,600 1.5200€ . 0.00296 -3.28 8.600 1.%032Z 0.00555 -3.09 16,000 1.43995 0.01201 -2.11
5,650 1.51992 0.00295 ~3.28 8,700 1.5026€ 0.00562Z =-3.0% 164200 1.43753 0.012Z3 -2.6€
4.700 1.51977 0.00382 =-3.28 84800 1.50210 0.00570 =-3.08 164400 1.4350€ 0.01245 -2.02
4,750 1.51961 0.00305 -3.28 84900 1.50152 0.00577 =-3.07 16.600 1.43255 0.012€8 ~1.57
4,800 1,51346 0.00208 =-3.27 9,000 1.5009% 0.0058% -3.0€ 16.800 1.42999 0.01291 ~1.92
4.850 1.52931 0.00318 -3.27 9.100 1.5003€ 0.00591 -3.0€ 17.000 1.42738 0.01314 =-1.88
4,980 1.5191% 0.00313 -3.27 9,200 1.4997€ 0.005¢8 -3.05 174200 142473 0.01338 -1.81
4,850 1.51899 0.08316 =3.27 9.300 144991 0.00606 =-3.04 17,400 1.42203 0.01362 -1.75
5.000 1.51883 0,60313 -3.27 9.400 1.49855 0.00613 -3,03 17.600 1.41628 0.01386 =1.70
5.100 1.51851 0.00325 =-3.2€ 9.500 1.49793 0.00621 =-3.03 17.800 1.41€64C8 0.01411 -1.€4
5.200 1.51818 0.00321 -3.2€ 9,608 1.43731 0.00628 ~-3.02 184000 1.41364 0.01437 ~-1.58
54300 1.51785 U.00337 =342F Ye700 1449668  0.00635 <=3.01 184200 1410784 0401463 <~2e51
Se400 1.51751 0.00343 -3.2% 3.800 1.4960% 0.00€43 =-3.0C 18.400 1.40779 0.01483 -1.45
§.500 1.5171E 0.00243 =3.2% 5.900 1.49539 0.00651 ~-2.99 18.600 1.40478 0.01516 -1.38
5.600 1.51681 C.00355 -3.25 10,600 1.49473 0.00658 =-2.9¢ 18:800  1.40173 0.01543 -1.31
5.700 1.51€45 0.002€1 -3.2% 104200 1.49240 0.0067%F =-2.97 19.000 1.39881 0.01570 =~1.2h
5.800 1.51609 0.00368 -3.2% 10,400 1.49204 0.00689 =-2.9% 19,200 1.39584 0.01539 ~-1.1%
5.900 1.51572 0.0837% -3.2% 10,600 1.49065 0.00705 =-2.93 19,400 1.39222 0.01627 -1.09
6.000 1.5153% 0.003e0 <-3.23 -10.800 1.48922 0.00720 -2.91 19,600 1.38893 0.01657 -~1.01
64100 1.51496 - 0.00387 =3.23 11.000 1.48776 0.00736 =-2.89 19.800 1.38559 0.01686 <0.93
64200 1451457 0.00393 ~3.22 11.200 1.48628 0.00752 <~2.87 20,000 1.38219 0.04717 -0.eh
€.300 1.51417 0.003¢3 -3.27 11.400 1.4847E 0.007€3 ~-2.8% 20,500 1.37241 0.01795 ~-0.62
€.400 1.51377 0.00406 -3.21 11.600 1,48220 ©0.080785 -2.83 21,000 1.36423 0.01878 -0.3%
€500 1.5133F 0.0€412 -3.21 11,800 1.48162 0.00802 -2.81 21,500 1.35%82 0.013€5 -0.11
6+.600 1451294 0400419 <=3421 12.008 1.%8000 0400818 =276 224000 1.34457 Q.02057 017
6.700 1.51252 0.00425 -3.20 12.200 1.4783% 0.00835 -2.7€ 22.500 1.3340% 0.0215%  0.48
6.800 1.51209 0.00422 -3.280 12,400 1.47€65 0.00852 =2.73 23.000 1.32302 0.02257 0.82
€.900 1.5116€ 0,00439 =3.,1% 12.600 1.47493 0.00878 -2.71 2345080 1.31447 0.023€6  1.13
74000 1.51122 0.00445 =3.4F 12.800 1.47318 0.00887 =~2.68 24,000 1.,2993F 0.024827 1.58
7.100 1.51077 0.004%52 -3.18 13,000 1.47138 0.00965 -2.€% 24,500 1.28€63 0.02606 2.07
7.200 1.54031 0.004%8 <-3.1% 13,200 1.4695E 0.00923 -2.€2 25.000 1.2732E8 0.02738 2.50
7,300 1.50385 0.004€5 <-3.17 13.400 1.46768 - 0.00641 =2.5C 254500 1.25S23 0.02880 3.02
70400 1.50638 0.00472 3417 13,600 1.46579 0.00960 ~-2.5€ 26,000 1.2444% 0.03333  3.5%
7.500 1.50891 0.00479 -=-3.1F 13.800 1.46385 0.00¢78 -2.53 26,500 1.22888 0.03198 4.21
7.608 1.50842 D0.00488 <3.1% 14,000 1.46188 0.C0997 -2.5T 27.000 1.2125€ 0.03376  4.S0
7,700 1.50794 0.00492 =3.1% 14.200 1.4598E 0.01016 =2.47 27,500 1.19510 0.03570 5.€5
7800 1.50744 0.00459 -3.1% 14,400 1.45781 0.01036 <-2.43 284000 1.17€73 0.03781 6.4
7.900 1.50694 0.00506 =-3.1% 14,600 1.,4557Z 0.01055 <2.38 28,508 1.1572% 0.04013 7.4
8.000 1.50643 0.00513 -3.173 14.800 1.45359 0.01075 -2.3E 29.000 1.1365€ 0.042E9 8.43
84100 1.53591 (0400520 =~3.12 15,000 1.45142 0.61€95 -2.32 29.500 1.11k51 0.04553  9.58
8,200 1.50539 0.00527 -~3.12 15.200 1.44921 0.01116 =-2.28 30,000 1.09057 0.04870 10.8%
84300  1.5C48E 0.00534 -3.11 15.400 1.44696 0.01136 -2.24

% In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison.
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.6. The
number of digits with an overstrike are not relevant to accuracy of the data,
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COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR NaCl

Source

Wavelength and
Temperature Ranges

Dispersion Equation
A inym; v in em™

Rubens, H, and
Nichols, E.F. [58]
1897

Martens, F.F. [54]
1901

Paschen, F. [55]
1908

Czerny, M. {64]
1930

Harting, H. (30}
1943

Rammachandran, N, [17]

1947

Genzel, L., Happ, H.,
and Weber, R. [15]
1958

Present work
1975

0.434-22.3 ym
291 K

0.185~0. 768 p
291 K

0.48-15.92 ym
291 K

35.0-46.0 ym
298 K

G,199~1.083 ym
293 K

0.185-22.3 ym
291 K

2.5-300.0 ym

6.20-30, 00 ym
293 K

1.1410
22 - (0.1273)2

2.8505 \?
a2 - (56.119)?

n? = 1. 1875 +

0.855461 )2
A% - (6.110725)2

0.317791 A2
A% - (0.156320)2

n?=1,155992 +

. 1.620760 )2
A - (51.2)%

- 0.000309178 )2

0.2098 )2
A - (0.1596)%

2
ot =1.2599 + —2: BN
%~ (0.1219)2

3.350 32
.
3~ (60.0)2
02 = g 4 2208217 A, 1.00447 0
R - (0.03470)2 A2 - (0.10850)2

9
- 0. 27095 X +
A - (0.15839)2

0.5975 \?
AT~ (61.674)

0.00626
(X - 0.1010)1-%

n=1.52448+

2
page~0:187895 22 0.497649 )?
A2 - (0.0500)2 % - (0.1000)2

4 —0.384897 )2 4 ~0.259500 )?
N -~ (0.1280)2 X%~ (0.1580)2

4 -8:4740 22

AZ - (61.1)7
e (v - )
i lviz- v o+ yg?

k-3 beketd "

oy - e 702

o2 = 1,00055 + ~2: 1980037 0.48398 )7
X~ (0.050)2 )2~ (0.100)2

L 0:38696 )t _0.25908 )2
X~ €0.128)2 32 - (0.158)?
0.08796 A2
A2~ (40.50)2

+ 830038 A
2%~ (120.34)2

3.17064 A?
A% - (60.98)2

+

*i=1,2,3; v =246.9 cm, py = 163.9 em™, py = 83,1 em;

¥3 = 137.000 em™1;

3 ¥y =34.933 cm™, 9 = 6.133 em™,

€5 = 0.55 X 10¢ (em )2, ¢, = £.60 x 10 (em )2, ¢g = 0.23 x 104 (em)2,
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3.7. Sodium Bromide, NaBr

Sodium bromide is very hygroscopic and highly solu-
ble in water and is therefore not a useful material for
making optical components despite its transparency
over a wide wavelength region from about 0.25 to more
than 30 um. While NaBr is not useful for ordinary
applications, it is an interesting material for scientific
research. The wavelength of ultraviolet absorption peaks
has been measured by Hilsch and Pohl [23] and by
Schneider and O’Bryan [24] and that in the infrared
was reported by Lowndes and Martin [13], who also
investigated the dielectric constants. The results
obtained by these investigators are shown in table 3.

Experimental work on the refractive index of NaBr
is very scanty and is limited in the near ultraviolet and
visible regions. Only five documents could be found
in the open literature. By a careful review of the avail-
able data sets one finds that only two sets of data, those
of Gyulai [27] and Wulff and Schaller [85], can be used
to carry out analysis; the others are either inaccurate
or otherwise unsuitable. The accuracy of the data of
Gyulai is one unit of the third decimal place. though the
values in his paper are given to the fourth for the purpose
of tabular smoothness. The uncertainty of the single
value of Wulff and Schaller is 0.0001. Bauer’s film data

" appears too low in comparison with the bulk material
data and Spangenberg’s values [45] are clearly inac-
curate, probably because of the hygroscopic character
of NaBr and the use of an inadequate method. The
single measurement of Zarzyski and Naudin [44] is for
molten NaBr.

Gyulai’s data were obtained at a temperature of 339
K, 46 degrees higher than the temperature chosen for
reference data generation. Since the temperature deriva-
tive of refractive index of NaBr in the visible region is
of the order of —4.0x 10-5K-! [18], temperature cor-
rections to Gyulai’s values are significant, about two
units in the third decimal place. Information on dn/dT
is needed to carry out these corrections, but it is un-
available. Reasonable estimation of dn/dT can be made
by the following formula, constructed from the param-
eters listed in table 5.

dn

2nﬁ=—— 12.69(n?—1)—0.12

7.36)\4 242 .94)\2
T 003534 T (e—sse0.60) 3V

- J. Phys. Chem. Ref. Data, Vol. 5, Neo. 2, 1976

where dn/dT is in wnits of 10-5K~! and A is um. dn/dT
values in the visible region given by eq (35) are about
—4.0 X 107%K -1, close to those proposed by Tsay [18].

By use of eq (35), data reported by Gyulai and Wulff
and Schaller were reduced to 293 K, ready for the least-
squares calculations. The other necessary input param-
eters were taken from table 3. The result of the curve
fitting calculations is a dispersion equation for NaBr
at 293 K in the transparent region, 0.21-34.0 um.

1.10463)2 + 0.18816\2
2—(0.125)2 " A2—(0.145)2

n?=1.06728+ X

0.24454°
AZ—(0.188)2

3.7960\2
AZ— (74.63)%°

0.00243)2
AZ—(0.176)2

(36)

where X is in units of um.

Equations (35) and (36) were used to generate the
recommended values on the refractive index and its
wavelength and temperature derivatives. Note that in the
table of recommended values the values are given to
more decimal places than their accuracies, for the
purpose of tabular smoothness and visual continuity.
In order to use the values properly, the readers should
follow the criteria given below.

For refractive index:

Wavelength range Meaningful Estimated
(um) decimal place  uncertainty, +

0.21- 0.24 2 0.02
0.24- 0.40 3 0.002
0.40- 0.70 3 0.001
0.70- 8.00 3 0.002
8.00-20.00 3 0.006

20.00-25.00 3 0.008

25.00-34.00 2 0.02

For dn/dT-

0.21- 0.28 1 0.9
0.28-22.00 1 0.4

22.00-34.00 1 0.9
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TABLE 30. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR NaBr AT 293 K*

A n -dn/dx dn/aT X n -dn/dx  dn/dT A n —dn/dl}\ ) dn/dT1
pm wm~t 1075 K™ fred ym™  10-5 K+ o pmt 1078 K-
0.210 2.09223 14.24150 . 34.31 0.375 1.69142 0.48064 =-3.17 1.750 1.€170% 0.0043% -4.0%
8.212 2.06563 12.4252% 28,95 0.380 1.68907 0.45759 -3.18 1.800 1.61€83 0.00338 -4.00
0.214 2.04225 10.9¢8756 24.6% 0.385 1.68€84 0.43€07 -3.22 1.850 1.61€864 0.00374 -4.05
0.216 2.02143 9.80870 21.23 0,390 1.68471 0.41535 =3.2% 1,900 1.€E1€4€ 0.003%4 -4.05
0.218 2.00288 8.830€4 18.38 0.395 1.68268 0.39710 -3.29 1.950 1.61628 0.00335 .-4.05
0.220 1.98807 8.00877 16.01 0.400 1.6807% 0.27943 =-3.3Z 2,000 1.61€12 0.00318 -4.05
0.222 1.97077 7.38280 14.01 0.410 1.67711 0.36724 ~-3.38 2.050 1.€153€ 0.0030&% -4.05
0.224 1.95676 6.70305 12.31 0.420 1.67378 0.31874 -3.43 2,100 1.61582 0.00231 -4.05
0.226 1.94388 6.18786 10.8% 0,430 1.67072 0.29338 -3.47 2.150 1.€1567 0.00273 -4.05
0.228 1.93137 5.7219 9.58 0.440 1.66730 0.27076 =-3.51 24200 1.61554 0.002€9 -4.05
0.230 1.92031 5.33008 8.47 0.450 1.€6530 0.25048 =-3.55 24250 1.61540 0.00253 -4.05
0.232 1.92062 4.973%4 - 7.50 0.4€0 1.€6288 0.23224 ~-3.58 24300 1.€1528 0.00251 -4.05
0.23% 1.90093 4.65529 6.6 0.470 1.€6065 0.21578 ~-3.€1 2.350 1.6151€ (0.00243 ~4.05
0.236 1.89197 4.36TEE  6.8F 0.480 41.€5858 0.200898 -3.6L 2.400 1.€41503 0.00237 -4.0%
0.238 1.88350 4.11200 5.20 0.490 1.65662 0.18738 ~-3.€E 24450 1.61492 0.00231 -4.05
6.240 1.87551 3.87655  4.5Y 0.500 1.€5481 0.17503 -3.€5 24500 1.61480 0.00225 -4.05
0.242 1.86737 3.6€€1h  4.04 0.510 1.€5312 0.16388 -3.71 24550 1.6146% 0.00220 =4.05
0.244 1.86083 3.47215  3.54 8.520 1.65153 0.153€3 ~3.72 2,600 1.6145¢8 0.00216 -4.0%
0.246 1.85407 3.29434%  3.0% 8.530 1.€5004 0.14424 <=3.74 2.650 1.61448 0.00212 =-4.05
0.248 1.84765 3.13085 2.68 0.540 1.€4884 0.13562 =-3.7¢ 2,708 1.€1437 0.00209 ~4.05
0.250 1.84154 2.98006 2.31 0.550 1.€4733 0.127€3 =-3.77 2,750 1.61427 0.08206 -4.05
0.252 1.83572 2.840€2 1.97 0.560 1.64€08 0.12038 =-3.7% 2.800 1.61416 0.00204 -4.05
0254 1483017 2471132 165 04570 1.€443Z2 0.11363 ~3.80 24090 1.€140€ De0U201 ~4.05
0.256 1.82487 2.59115 1.3€ 0.580 1.€4381 0.10733 -3.81 2.900 1.61336 0.00193 -4.05
0.258 1.81980 2.47320 1.1C 0.590 1.€4277 0.10161 =-3.82 24950 1.61386 0.60138 -4.05
0.260 1.81435 2.37471  0.85 0,600 1.€4178 0.09624 -3.83 3.000 1.6137€ 0.00186 <-4.05
0,262 1.81023 2.27637  0.62 0.620 1.€399% 0.08€E1 -3.85 3.050 1.61367 0.00195 ~4.05
0.264 1.80583 2.12539  0.41 0.640 1.€3831 0.07825 =-3.87 3.100 1.61357 0.001%4 -4.05
0.266 1.80155 2.09942 0.21 0.6€0 1.€3€82 0.07095 -3.88 3.150 1461347 0.00193 -4.0%
0.268 1.79743 2.018%59  0.03 0,680 1.€3546 0.06455 =3.90 3,200 1.61338 0.00193 -4.04
0.270 1.79347 1.94249 -0.1% 0.700 1.€3423 0.058%1 -3.91 3.250 1.6132€ 0.00132 -4.0%
0.272 1.78966 1.87671 <-0.31 0.720 1.63210 0.053%2 -3.92 30300 1.61318 0.00132 -<4.0%
0.274 1.78538 1.8028% -0.4€ 04740 1.€3207 0.04949 -3.93 3.350 1.6130€ 0400192 -4.0%
0.276 '1.78245 1.73885 ~-0.68 0.7€0 1.€3112 0.04555 -3.94 3.400 1.6123% 0.00132 ~4.0%
0.278 1.77903 1.67818 ~0.73 0.780 1.€3024 0.04201 -3.34 3.450 1.61290 0.00192 ~4.04
0.280 1.77573 1.620€7 =~0.8€ 0.800 1.€294L4 -0.03885 -3.95 3.500 1.€1280 0.00132 -4.0%
0.282 1.77254 1.5€610 ~-0.98 0.820 1.€2869 0.C3600 ~=3.9E 3.550 1.61270 9.00192 -~4.0%
0.284 1.76946 1.51426 <~1.09 0.840 1.€2799 0.03343 -3.9€ 3.600 1.61261 0400193 -4.04
0.286 1.7664C 1.4€497 <-1.1%¢ 0.860 1.62735 0.031I0 -3.97 3.650 1.61251 0.00133 -4.0%
0.288 1.76360 1.41835 -1.29 0.880 1.€2675 0.02839 =3.97 3.700 1.61242 0.00194 -4.0%
04290 1.76081 1.37335 =-1.39 8.900 1.€2619 0.02787 -3.98 3.750 1.61232 0400135 -4.04
04292 1.75811 1.33073 ~1.47 0,920 1.€2567 0402532 -3.98 3.800 1.61222 0.00195 -4.0%
0.294 1.75549 1.29006 <-1.5€ 0.940 1.€2517 0.02373 ~-3.98 3.850 1.61212 0.00136 -4.04
0.296 1.75235 1.25121 ~-1.64 0,960 31.€2472 0.02227 =-3.S¢ 3.900 1.61202 0.00197 -4.0%
0.298 41.75048 1.21407 -1.72 n.<can 1.€2428 0.£2093 =3.64 2.950 1.61433 0.00198 -4.0%
0,300 1.74809 1.17854 =1.7% 1.000 1.€2388 0.01970 -4.00 44000 1.61183 0.00133 -4.03
0.305 1.74241 1.09617 -1.96 1.050 1.€2296 0.01703 -4.01 4,050 1.61173 0.00200 =-4.03
0.310 1.737I1 1.0z201 -2.1T 1.100 1.€2217 0.01485 -~4.01 4,100 1.61153 £.082T1 -4.03
0.315 1.73217 0.95497 -2.24 14150 1.€2147 0.01304 -4.027 44150 1.61157 0.00203 -4.03
0.320 1.72755 0.8%416 -2.3¢ 1.200 1.€2086 0.01153 -4.02 4,200 1.61142 0.00208 -4.03
0.325 1.72322 0.83882 -2.4E 1,250 1.€2031 0.01836 -4.02 4,250 1.61132 0.00205 -4.03
0.330 1.71916 0.78830 -2.5€ 1.300 1.€1983 0.00918 ~4.03 40300 1.61127 0.00207 ~4.03
0.335 1.71533 0.742T6 -2.€F 1.350 1.€1939 0.00827 ~-4.03 44350 1.612T7 0.00288 -4.03
0340 1471173 0469961 =2473 1400 10€1900 U.00748 ~4403 4.400 1461101 U.00209 =4.03
0.345 1.70833 0.6E057 -2.80 1.450 1.€4864 0.00681 ~-4.04 4,450 1.61091 0.00211 =-4.03
0.350 1.78512 0.62457 <-2.87 1,500 1.61832 0.00622 ~-4.04 4,500 1.61080 0.00212 =-4.03
0.355 1.70208 0.59130 -2.93 1.550 1.€1882 0.00571 =-4.0% 4.550 1.€106C 0.0021% -4.02
0.360 1.69920 0.5€049 =-2.99 1.600 1.€1774 0.00527 =~4.04 4.600 1.6105% 0.00215 -4.0Z
0.365 1.69647 0453192 =3.04 1.650 1.61749 0.00488 <-4.04 4.650 1.€104E€ 0.00217 -4.02
0.370 1.69388 0.5053% -3.09 1.700 1.€1725 ©0.0045%F ~-4.04 4.700 1.61037 0.002iI8 -4.02
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TABLE 30. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR NaBr AT 293 K (continued)*

X . -dn/d) dn/dT X -dn/dx  dn/dT X a -dn/dx  dn/dT
pm pm= 109K pm pm™t 100K~ pm pm~ 1070 K-
4.750 1.6102€ 0.00220 =4.02 9,000 1.59731 0.00398 -3.88 17.000 1.54900 0400832 <-3.16
4.800 1.64815 0.00222 ~4.02 9.100 1.%9€¢91 0.00483 -3.87 17.200 1.54732 0.008%5 -3.17
4.850 1.61004 0.00223 ~-4.02 9.200 1.59€50 0.00407 -3.87 17.4008 1.54562 0.00858 -3,10
4.900 1.60933 0.00225 ~-4.02 9.300 1.59609 0.C04IZ -3.8% 17.600 1.5438% 0.00872 -3.07
4,950 1.60981 0.00227 ~4.02 9.400 1.59568 0.004i7 -3.8% 17.800 1.564213 0.00885 -3.0%
5.000 1.60970 0.00229 ~-4.01 2,500 1.59526 0.00422 ~-3.85 184000 1.54035 0.008398 -3.00
5,100 1.,609%7 0.00232 -4.01 9.600 1.59484 0.00426 -3.8% 184200 1.5385%4 0.00912 -2.97
5.200 1.60923 0.00276 ~=4.81 94700 1.59451 0.00431 -3.8% 18,400 1.53670 0.00925 -2.93
5.300 1.60900 0.00273 -4.01 8.800 1.£93%7 0.0043€ -3.8% 18.600 1.53484 0.00979 -2.90
5.400 1.60876 0.002{3 ~4.01 9.900 1.5935L 0.00441 ~3.83 18.800 1.53295 0.00953 -2.86
5.500 1.60851 0.002&7 -4.0C 10.000 1.6930% 0.00445 ~-3.83 19.000 1.53102 0.00967 -2.82
5.600 1.6082€ 0.00251 ~-4.00 10,200 1.£92T3 0.004%5 =-3.81 19.200 1.52%08 0400982 -2.79
5.700 1.60801 0.,002%5 ~-4.00 10.400 1.59127 0.00465 ~3.87 19.400 1.52710 0.009%6 -2.7%
5.800 1.60775 0.002%8 =-4.08 10,600 1.59033 0.00475 =-3.79 19,600 1.5250¢ 0.01011 -2.71
5.900 1.6074¢ 0.00282 ~-3.99 10,800 1.58937 0.00485 -3.78 19.808 1.5230% 0.010826 -2.6E
6.000 1.60723 0.002€6 -3.93 11,000 1.5883% 0.00435 ~3.77 20,000 1.52099 0.01040 -2.€2
6,100 1.6069€ 8.00270 =-3.9% 11.200 1.58739 0.80505 -3.7% 204500 1.51S69 0.01079 -2.51
6e.200 1.00669 000274 <=3.98 11400 1.!00§_B Cel0515 =374 21.000 1.510_2_0 Ge01118 '=2.39
€.300 1.€6641 0.00279 =3.98 11.600 1.58%34 0.00525 =-3.73 21.500 1.50451 0.011%8 -2.26
6.400 1.60613 0.00283 -3.98 11.800 1.58428 0.00535 -3.71 22.000 1.49861 0.01280 -2.12
€.500 1.60585 0.00287 =-3.98 12,000 1.58319 0.00545 -3.70 22.500 1.49251 0.01243 -1.98
€.600 1.€0556 0.00291 ~-3,97 12.200 1.58209 0.00556 =-3.68 23.000 1.48€18 0.01288 -1.87
6.700 1.60526 §.00295 -3.97 32.400 1.58037 0.00586 =-3.67 23.500 1.47962 0.0133% -1.68
€.800 1.60437 0.00200 =-3.97 124600 1.57¢83 0.00577 =3.€3 24,000 1,47283 0.01382 -1.483
6.900 1.60466 0.00204 -3.9€ 12.800 1.5786€ 0.00588 -3.63 2445008 1.46580 0.01431 ~1.29
7.000 1.60436 0.00308 -3.9€ 13.000 1.57748 0.00598 =-3.62 25.000 1.45852 0.01482 -1.09
7.100 1.60405 0.00312 -3.9€ 13.200 1.57€27 0.00609 -3.60 25.500 1.45098 £.01535 -g.88
7.200 1.60373 0.00317 -3.9% 13.400 1.€7504 0.C0620 =3.58 26.000 1.44316 0.01591 -0.€5
7.300 1.66341 0.00221 -3.95 13,600 1.57379 0.00631  =-3.5E 26,500 1.43507 G.01648 -0.40
7.400 1.6030¢ 0.00326 -3.95 13.800 1.57252 0.00642 -3.54 27,000 1.42668 0.01708 -0.1%
74500 1.60276 U0.0033F ~-3.9% 144000 1.57122 0.C006ET <3.52 27.500 1.4173% 0.01770 0.15
7.600 1.60243 0.0023%% -3.94 144200 1.%6991 0.0068% <-3.50 28.000 1.40897 0.01835 Q.45
7.700 1.60209 0.00338 =-3.93 L4400 1.56357 0.00676 <-3.48 28.500 1.39%63 0.01302 0.77
7.800 1.60175 (0.003:3 ~-3.92 14600 1.56720 0.00687 <=3.4€ 29.000 1.38995 0.01373 1.11
7.900 1.60141 0.00348 -3.93 14.800 1.£6582 0.C0€639 =~3.4% 29.500 1.37990 0.02047 1.4%
8.000 1.6010€ 0.00352 ~3.92 154000 1.56441 0.00710 ~3.42 20,000 1.36%47 0.082i24 1.83
8.100 1.60070 0.002f7 -3,92 154200 1.£6238 £.00722 -3.40 30,500 1.35865 0.02205 2.31
8.200 1.60034 0.0023f1 -3.91 15.400 1.56152 0.0073% ~-3.37 31,000 1.34742 0.02290 2.77
8,300 1.599%8 0.00386 -3.97 15.600 1.5600% 0.00748 -3.3% 31.500 1.3327%4 0.02380  3.28
8.408 1.59961 0.00370 -3.91 16.800 1.t54EL 0.00788 ~3.327 32.000 1.32381 0.92&7%4 3.7%
8.500 1.5997% 0.00375 -3.9T 16,000 4.55701 0,00770 =-3.3T 32.500 1.31100 0.62573  4.3E
8.600 1.59886 0.00278 -3,90 164200 1.5554€ 0.00782 =3.27 33.000 31.29787 0.02678  4.97
8.700 1.59848 0.0038& ~-3.8% 16,400 1,55388 0.00735 =-3.2% 33.500 1.28421 0.02788 5.63
8,800 1.59810 0.0C389 -3.8¢ 16,600 1.55228 0.00887 =-3.22 344000 1.26€98 0.02306 6.35
8,900 1.59770 0.00333 -3,88 164800 1.55065 0.00820 -3.1%

* In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison.
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.7. The
number of digits with an overstrike are not relevant to accuracy of the data.
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3.8. Sodium lodide, Nal

Refractive index data of Nal are available only for
a single line, mean of sodium D lines, reported by Spang-
enberg [45] in 1923. The reasons for such scantiness of
data are probably the difficulties in crystal growing and
sample preparation. It is fortunate that the essential
parameters for constructing a dispersion equation of
Nal are available through the literature, as listed in
table 3. Using the values from table 3 and the available
value of n:

€:=17.28,
Eu1~=3.01,
Ay=0.170 um (averaged value of 5 peaks),

Ar=—86.21 pm,
n=1.7745 for A=0.5893 pm,

the adjustable parameter 4 of eq (13) is computed to be
1.478. This leads to the dispersion equation for Nal at
293 K in the transparent region, 0.25-40.00 pm.

1.532A2 4 4.27)\2
—(0.170)2 " A2—(86.21)2"

n?=1478+ 37

where n is in units of um.

No experimental data on dn/dT for Nal are available,
but, with our empirical findings, reasonable estimations
on dn/dT can be made by a formula constructed by
using the predicted parameters of table 5,

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976

2nd‘—;§=—13.65 (n2—1) +0.57
9.246)\%

n 247.66)\*
{A2—0.05198)2

(A2—7432.16)%°

(38)

where dn/dT is in units of 103 K~* and X\ in pm.

Equations (37) and (38) were used to generate the rec-
ommended values. Since these equations were derived
from the available data on the thermal linear expansion,
the dielectric constants, the wavelengths of absorption
peaks, and the empirical parameters, the accuracies
of the generated values are controlled by the un-
certainties of these component properties. In order to
properly use the recommended data table, we have
carefully reviewed each of the correlated properties
and set up the following criteria that the readers should
follow.

For refractive index:

Wavelength range Meaningful Estimated
(pm) decimal place  uncertainty, =

0.25- 0.40 2 0.02
0.40- 1.00 3 0.005
1.00-20.00 2 0.01

20.00-40.00 2 0.02

For dn/dT:

0.25- 0.35 0 >1
0.35~30.00 1 0.8

30.00-40.00 0 >1
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TABLE 33. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR Nal AT 203 K*
-dn/ ~ dn/dr Py ~-dnfdy  dn/dT A ~dn/d\ - dn/dT

ﬁn n ’mgk 1?)25(1{-1 pm n um 10=% K= um n ’nn—l 105 K-
0.250 2.08030 4.713C0 €7.E€E 0.550 1.78031 0.18284 =4.38 24750 1.73538 0.00215 -5.0%5
0.252 Z.07109 4.49855 57.0¢ 0.560. 1.7791% 0.17211 -4.41 2.800 1.73527 0.00210 - -5.05
0254  2.06230 4.29888 48.75 0.570 1.77747 0.16223 ~4.45 2,850 1.73517 0.00206 -5.05
0.256 2.05388 4.11T€0 42.08 0.580 1.77589 0.15311 <-4e48 2.900 1. nm 0.00202 =5.05
04258 2.04585 3.92€03 36459 0,590  1.77440 0.14468 <450 2.950 1.7349€ 0.00198 -5.05
0.260 2.03814 3.77123 32.0€ 0600 1.772300 0413687 <-4453 3.000 1.73%87 . 0.00185 -5.05
1.262 2.03075 3.61€32 28.27 - 0.620 1.77040 0.12289 -4.58 3,050 1.73477 0.00192  -5.05"
D.264 2.02367 347053 25.0€ 0.640 1.76807 0.11078 -4.62 3.108 1.73467 0.00189 =-5.05
0.266 2.01587 3.33716 22.31 0,660 1.76596 0.10025  =4.65 3.150 1.73458 0.00187 -5.05
0.268 2.01033 3,203%57  19.94 0.680 1.76405 0.09104 ~4.68 3.200 1.7344G 0.00185 ~5.05
0.270 2.00405 3.08119 17.88 04700 176231  0.08234 ~4.71 34250 1.73440 0.00183 . -5.05
84272 1.99800 2.9€£49 16.08 0.720 1.76072 0407580 ~4e7% 3.300 1.73430 0.00181 ~5.05
0.27% 1.99218 285600 14.4% 04740 1.75927 0.06946 ~4.78 3.350  1.73421 0.80180 ~5.05
0.276 1.98657 2.75228 13.09 8.760 1.?75794 0.06382 -4.78 3.400 1-73_& 0400178 -5.05
0.278 1.98117 2.65393 11.87 0,780 1.75€72 0.05879 ~-4.80 3.450 1.73406 0.00177  -5.8%
0280 1.97595  2.56060 10.71 04800 175559 0.05429 -4.81 3.500 1.73395 0.00176 <-5.0%4
0.282 1.97092 ' 2.471%% S.71 0.820 1.75454 0.05024 ~-4.83 3.550 1.73386 0.00175 <-5.0%
0.2864 1.96B0F 2.387€5 a8.81 0.AGR  1.75357 D.0LEEQ <uL.AL 3.600 t. 73_u 0.08175 =5.0L
0.286 1-961__7 2.307L6  7.98 0.860 1.75268 (0.04329 =-4.85 3,650  1.73368 0.00i74 -5.0%
0.288 1.95683 2.2310 7.23 0.880 . 1.7513% 0.04031 =-4.87 3.700 4. nasn . 0.00174 -5.0%
04290 1.9534%F 2.15832 6.55 0.900 1.75106 (©.03753 -4,.88 3.750 1.73351 0.00173 <5.04
0.292 1.94820 2.08892 5,92 0.920 1.75033 . 0.03512 ~-4,.89 3.800 1.73%32 0.00173  -5.0%
0.29% 1.94408 2.022€8  5.35 0.940 1.74966 0.83287 -4.89 3.850  1.73334 0.00173  <5.0%
0.296 1.94010 1.95343  4.83 - 0e960 .1.74902  0.03081 =-4.90 3.900 1.73325 * 0.00173 -5.8%
0.298 1.93625 1.89838  4.34 0.980  1.74842 0.02832 =-4.91 3.950 1.733L€ 0.00173 . =5.04
0.300 1.93251 1.84118 3.89 1.800  1.74786 0.02719 <-4.92 4,800 1.73308 0.00I73 -5.0% .
0.305 1.92364 1.70727 2.91 1,050 1.74€60 0.02364 <~4.93 4.050 1.,7329€ 0.00I73 -5.0%
0.310 1.91541 1.58688 2.09 1.400 1.74551 0.02036 =495 44100 1.73290 0.0017% - -5.0%
0.315 1.90775 1.47827  1.4( 1,160 1.74455 0.01782 -4.96 4,150 1.73282 0.00174 <-5.04
0.320 1.90861° 1.373S7  0.80 1.200 1.74372  0.01570 -4.97 44200 1.73273  0.00175 -5.0%
0.325 1.893%4 1.29073 8.2 1250 1.74298 0.01391 <=4.98 44250 1.73264 0.00175 - =5.04
0,330 1.88769 1.20947 <015 1300 174232 0.01260 =4,9 4.300 1.7325€ 0.00176  ~5.0%4
0.335 . 1,88183 1.13530 -0.54 1350 1.74i73 0.01111 =4.9¢ 4,350 1.73247  0.0017€ =-5.0%
0.340 1.a76_3___ 1.0€751 -0.88 1,400 1.74121 0.01001 -5.0 4,400 1.73238  0.00177 =5.04
0.345° 1.87115 1.00513 -1.18 1450 1.74073 0.00806 =5.0 44450 1.7322% 0.00177  =5.0%4
0.350 1. ess_zz 0.946787 <1445 1.500 1.74030 0.00823 =-5.01 44500 1.73Z20 0.00178 ~5.03
0.355 1.8616E 0489511 <-1.63 1.550 1.73991 0.00751 -5.01 4,550 1.73211 0.00179 -5.03
0.360 1.85731 0.84€40 =-1.91 1.600. 1.733556 0.0068S ~-5.0 4.600 1.73202 0.00180 <~5.03
0.365 1.85319 0.80133 -2.11 - 1.€50 . 1.73922 U0.£0633 -5.02 44650 1.73193 000181  -5.03
0.370 1.84929 0.75%58 ~2,28 1.700 1.73891 0.00585 <5.0 4700 1.73184  0.00182. ~5,03
04375 1484559 (0.72881 ~-2.44 1.750 1.73863 0.00842 -5.03 4,750 1.73175 0.00182 -5.03
0.380 1.84208 0.68477 ~=2.5% 1.800 1.73837 0.00504 <~5.03 ‘4.800 1.7316€ 0.00183 -5.03
0.385 1.83874 0.65120 =-2.72 1.850 '1.73813 0.00470 -5.03 44850 1.73157 0.00184 =5.03
0.390  1.83556  0.61989 <-2.84 1.900 1.73790- 0.00440 -5.03 40900  1.73148 0.00185 -5.03:
0.395 1. sz 4 0.55865 -2.9% 1950 1.73768 0.00413  -5.,03 409580 1.731'3" 0400136 ~5.0F
0.400 1.82965 0.5€330 -3.0€ 2,000 1.7374€ 0.00389 ~-5.03 5.000 1.73125 0.00188 ~-5.03
0440 1.82427 0.513E7  -3.24 24050 1.73729 0.003€8 -5.0% 54100 1.73i10 0.00190 =5.83
00420 1.81936 0.4€6932 <3.40 2.100 1.73712 ' 0.00348 -5.0% 5.200 1.73091 0.00192 . -5.02
0.430 1.81486 0.43119 <3.8% 2.450 1.73895 0.C0331 -5.04 6.200 41.73072 0.09104 -5.02
0,440 1.81072 0.39676 <=3.€6 2.200 1.73678 0.00315 -5.04 S.400 -1,73052 0.00197 <5.02
0.450 "1.80631 ~ 0.36602 =3.77 24250 1.738663 0.00301 -5.04 5.500  1.73832 n.nnm 5402
0.460 1.80339 0.33848 -3.86 2.300 1.73648 0.00288 -5.04 5.600 1.73012 0.00202. <5.02
0.470 1.800I3 0.31373 -3.9% 24350 1.73€34 0.00276 =5.0%4 5.700 -1.72992 0.00285 ~5.01
0.480 1.79711 0.29141 -4,02 2.400 1.73€21 0.00266 =5,04 5.800 1.72571 0.00208 +5.01
0.490 1.79430 0.27122 <~4.03 24450  1.73808 ° 0.002%6 ~-5.0% 5.900 1.72950 0.00210 -5,01
0.500 1.79168 0.25231 -4.1% 2500 1.33595 (0.00248 -5.04 6.000 1.72%2S 0.00213 =5.01-
0.510 1.78923 0.22€26 <~4.2( 24550 1.73583 0.00240 -5.04 60100 1.72508 0.00216 -5.01
0.520° 1.78635 §.22188 ~4.2E . 2.600 1.73571 0.00233 -5.0% 6.200 1.726‘3‘6 0.00218  -5.00
0.530 - 1.78481 0.20720 -4.30 2.650 1.73560 0. nnz_s =5.05 6.300 1.7286h4 8. uu_g_ -5.00
0540 1.78280 0.19450 -4.34 2.700 1.73548 0.00220 -5.05 6400 1.72842° 0.00225

.J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 197¢
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TABLE 33. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR Nal AT 293 K (continued)*

—dn/d) dn/dT A -dn/d) dn/dT A -dn/d)  dn/dT
u);n » m-t 105K e » pm- 10-5 K ym » =t 1075 K
€.500 1.72813 0.00228 -5.00 11,400 1.7129¢ 0.00398 -4.82 19.800 1.66503 0.00762 <~4e0¢
6.600 1.72796 0.00231 -4.99 11,600 1.71219 0400405 <-4.81 20.000 1.66350 0.00772 =-4.086
6780 1.72773 0.0023% <~4499 11,800 1.71137 0.00413 -4.80 20.500 £.65957 0.00798 =3.93
€.800 1.72749 0.80237 -4.99 12.000 1.71054 0.00421 <~4.78 21.000 1.65552 0.00824 -3.91
6.900 1.72725 0.00240 -4.99 12,200 1.70969 0.00428 ~64.77 21.500 1.65133 0.00851 -3.83
7.000 1.72701 0.08213 ~4,98 12,400 1.70882 0400436 =4.7€ 22.000 1.€4701 0.00878 <=3.75
7.180 1.72677 0.080247 <-4498 12,600 170794 0.C0444 ~4.7E 22.500 1.€4255 0.00906 <-3.€6
7.200 1.72652 0.002%0 ~-4.98 12,800 1.370705 0.00452 -4.7% 23.000 1.63795 0.00335 -3.57
7.300 1.72627 0.002E3 -4.98 13.000 1.0E1% 0.00460 ~-4.73 23,508 1.63320 0.008€5 =347
7.408 1.72601 0.082%6 -4.97 13,200 1.70%521 0.00467 ~4.71 24,000 1.62230 0.00395 -3.37
7500 1.72575 0.002€0 4,97 13,400 1.70427 0.00475 <4.70 24,500 1.62324 0.01026 -3.2€
7.600 1.72549 0.002€3 -L4.97 13,600 1.70331 0.00483 -4.69 25,000 1.61803 0.01058 -3.15
Te700 172523 0.002€6 ~4.9€ 134008 1470233 0«60432 <~4e67 254500 1.6126€ 0.01091 =3.02
7.800 1.7249€ 0.00270 -4.9€ 14,000 1.70_3_ 0.00500 -4oEE 26,000 1.60712 0.01125 -2.90
7.900 1.72469 0.00273 -4.9€ - 144200 1.70034 0.00508 <-4.65 264500 1.60141 0.01160 -2.7€
8.000 1.72441 0.00276 ~4.96 14,400 1.€9931 0.00516 -4.€3 27.000 1.59852 0.01195 -2.62
8.400 1.7281i4 0.00280 -5.95 14.600 1.69827 0.00524 -4.62 27.500 1.58045 0.01232 -2.47
8.200 1.72385 0.00283 ~-4.95 14,800 1.€9721 0.00533 -4.60 28,000 1.58320 0.01270 =-2.31
8.300 1.72357 0.00286 =4.95 15,000 1.€9€14 0.00541 <-4.59 28.500 1.57€75 0.01389 <-2.1%
8,400 1.72328 0.00290 -4.9% 15,208 1.€9505 (000550 <=4.57 29.006 1.57010 0.01343 -1,9€
8.500 1.72283 0.08293 -~4.9% 15.400 1.€9334 0.00558 -4.5% 29.500 1.5632% 0.01391 =1.77
8.600 1.72270 0.00297 -4.9%4 15,600 1.€9282 0.0805€67 ~4.54 30.000 1.5561S 0.01434 -1.57
8,700 1.72240 0.00306 -4.93 15,800 1.€9168 0.00575 =452 30.500 1.54891 0.01478 =1.3€
8+800 1.72210 0.003C4L -4.93 16.000 1.€9052 0.00584 =-4,50 31.000 1.54141 0.01524 -1.14
8.900 1.72179 0.00387 <-4.92 16.200 1.€8334 0.00593 <-4.49 31.500 1.53367 0.01572 <-0.50
92000 1.72148 U0.00311 ~4.92 164400 1.68815 0.008031 <~4447 22.000 1.52568 0.01621 -0.E5
8.100 1.72117 0.00314 =4.92 16.600 1.€8€93 0.00610 -4.45 32,500 1.51745 0.01672 <0.38
9.200 1.72085 0€.00318 =-4,91 16,800 1.68570 0.60€18 =4.43 33.000 1.5089€ 0.01725 -~0.1C
9.300 1.72053 0.0032% =-4.91 17.000 1.6844E 0.00€28 =-4.41 33.500 1. sua_g 0.01780 0.19
S.400 1.72021 0.00325 =-4.91 17,200 1.68319 0.00€37 =-4.35 34,000 1.4911€ 0.01837 0.51
9.500 1.71588 0.00328 -4.9T 17400 1.68191 0.C0€4E -4,37 344500 1.48182 0.01896 0.84
9,600 171955 0.00332 ~4.9C 17.600 1.€8061 0.00€E€ <-4.3%  35.000 1.47219 0.013%8 - 1.20
9.700 1.71322 0.00335 -4.8% 17.800 1.€7928 0.00665 -4.33 35.500 1.46224% 0.02023 1.58
9.800 1.71888 (0.00339 -4.89 18.0800 1.€7795 0.00674 ~-4.31 36.000 1.4519€¢ 0.02060 1.%8
9.900. 1.71854 0.08343 -4.89 184200 1.€7659 0.00684 <-4.28 364500 1.44133 0.021€0 2.40
10.000 1.72820 - 0.00346 ~-4.8F 18.400 1.€7521 0.C0693 -4.2€ 37.000 1.4303F 0.02233 2.85
10.200 1.71750 0.003%3 -4.87 18.600 1.€7382 0.00703 =424 37.500 1.41900 0.02310 3.34
10.400 1.71678 0.003€1 -4.8€ 18.800 1.67240 0.00712 -4.21 38.008 1.4072% 0.023¢ 3.88
10.600 1.71606 0.00368 =~4,8€ 19,000 1.€7097 0.00722 -4.19 38.500 1.39 0.0247& 4440
10,800 1.71531 0.00375 -4.85 19.200 1.€6951 0400732 ~4o.1E 39.000 1.38250 0.025€2 4.98
11.000 1.74%55 0.003€3 -4.8% 19,400 1.€6804 0.00742 =41k 39.500 1.3694€ 0.026E5 5.61
11.200 1.74378 0.00390 -4,83 19.600 1.€6€55 0.00752 -4.11 40,000 1.35595 0.02752 6.27

* In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison,
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 3.8. The
number of digits with an overstrike are not relevant to accuracy of the data,
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3.9. Potassium Fluoride, KF

Potassium fluoride is not a suitable material for optical
components beacuse of its hygroscopic character and
the difficulty of growing crystals. However, it is an in-
teresting subject for basic research and scientific
studies because of its simple crystal structure and its
transparency in the ultraviolet region. The wavelengths
of the characteristic absorption peaks and the electrical
properties have been studied by many investigators.
Listed in table 3 are a few important results which were
used in out analysis of data.

The refractive index of KF has not been extensively
measured. Among the five sets of refractive index data
found in the literature, three were measured for a single
spectral line, the sodium D line, one for the melt, and
one for a limited spectral range from 0.21 to 0.58 um.

Upon careful examination of the available data,
we found the following: (1) Kublitzky’s values [50] are
reported to the fourth decimal place, although the ac-
curacy is one unit in the third decimal place. We have
used his reported values as the basis of our work. (2}
Results of Spangenberg {45] and of Wulff [87] are in-
consistent, although the same experimental method was
used. The discrepancy cannot be accounted for by the
temperature difference, because dn/dT (about —1.2 X
10-5K-! [18]) is too small to account for such a big
deviation, about 0.0019, in n nor can the discrepancies
between the results of Kublitzky and those of Wulff
be accountcd in this way. (3) There are no dn/dT data
available.

Since the data of Kublitzky were obtained at a tempera-
ture of 330 K, they had to be reduced to 293 K. Since no
dn/dT" data was available, the empirical parameters
in table 5 were used to construct the following expression
for dn/dT in units of 105 K-1, valid in the temperature
range 293 =50 K:

dn

2 3=

—10.44 (n2—1) —0.08

2.465\*
(A2—0.01588)?

167.90M*
(A2—2657.40)2"°

39

where A is in units of um. The dnr/dT values calculated
by eq (39) for the visible region are about —2.0X
10-5K-1. Compared with Tsay’s [18] value, our value is
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about 0.8 X10-3K-! too large, but there is no direct
experimental evidence to substantiate either one of the
predictions. However, since the dn/dT formulas con-
structed by our empirical parameters lead to predictions
for the material in agreement with experimental data,
we have reason to believe that eq (39) gives reasonable
dnJdT value for KF. By use of this equation, Kublitzky’s
values were reduced to 293 K.

A dispersion equation of KF at 330 K was proposed
by Radhakrishnan [48] on the basis of Kublitzky’s
measurements. Since the wavelength of the fundamental
phonon was not known then, the adjustable constants
in his equation were chosen to fit the data without
reference to the infrared absorption peak, as shown in
1able 39. With the available information in table 3,
the least-squares fitting of the reduced data to eq (10)
led to our dispersion equation for KF at 293 K in the
transparent region, 0.15-22.0 pum.

0.29162)\2

3.60001\2
n?=1.55083+ 5 —5.126)°

A—(51.55)%

(40

where A is in units of um.

Equations (39) and (40) are used to generate the recom-
mended values. Since more decimal places than needed
are given 1o the property values for the purpose of tabular
smoothness, the readers are advised to follow the criteria
given below in order to use the recommended values
properly.

For refractive index:

Wavelength range Meaningful Estimated
(um) decimal place  uncertainty, +
0.15- 0.18 2 0.05
0.18- 0.21 3 0.005
0.21- 1.00 3 0.002
1.00~ 6.00 3 0.004
6.00-14.00 3 0.008
14.00-22.00 2 0.05
For dnldT:

0.15-17.00 1 0.5
17.00-22.00 1 0.9
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TABLE 36. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR KF AT 293 K #*

-dn/d) dn/dT A -dn/d\  dn/dT X -dn/dx  dn/dT
Jin " ﬂ-’ 10— K pm n pmt 107K pm n pm= 1075 K-
0.150 1.59417 9.928E4  3.8€ 0.270 1.38€32. 0.27744 =2.0% 0.700 1.36072 0.01125 -2.33
0.152 1.57574 8.54854  3.0€ 0.272 1.38€37 0.269Z8 =-2.0€ 0.720 1.36050 0.01042 =-2.33
0454 1.55979 7.43ES0 2,42 0.274 1.3858L 0.26146 =-2.07 0.740 1.36030 0.00965 <-2.33
0.156 1.54586 6.52809 1.8C 0.276 1.38533 (0.253%5 -2.07 0.760 1.36012 0.00896 =-2.33
0.158 1.53358 E5.77548  1.44 04278 1.38483 (0.24€74 =-2.08 0.780 1.35994 0.00834 =2.33
0.160 1.52268 5.14516 1,07 0.280 1.38434 0.23982 -2.08 00800 1.35978 £.00779 -2.34
00162 1.51293 4.611S2 0.7% 0.282° 1.38387 (.2331€ -2.09 0.828 1.35963 0.00730 -2.3%
0.164 1.50418 4%.15€81  0.48 0.284 1.38341 0.22€77 -2.10 0.840 1.35943 0.00685 -2.3%
0.166 1.4962€ 3.7€526 0.24 0.286 1.3829€ 0.220€2 =2.1% 0.860 1.3593€ 0.00645 -2.3%
0.168 1.48308 3.42534  0.03 0.288 1.38252 0.21470 -2.11 0.880 1.35923 0.00609 -2.3%
0.170 1.48253 3.142987 <-0.15 0.290 1.38210 0.20900 -2.11 0.900 1.35911 0.00576 =-2.34
0,172 1.47854 2.87027 <=0.31 0.292 1.38186 0.20351 -2.12 0.920 1.35900 0.00546 -2.3%
0.174 1.47103 2.64114 <-0.4E 0.294 1.38129 . 0.19622 =2.12 0.940 1.35889 0.00513 =-2.3%
06176 1446595 2443798 -0458 0429€ 14300390 0419312 -212 09GO 1435679 0080455 -243%
0178 1.46126 2.25700 =-0.6¢ 00298 1.38051 0.18820 =-2.13 0.980 1.35870 0.00472 -2.34
0.180 1.45631 2.09511 -0.80 0.300 1.38014 0.1834€ -2.13 1.000 1.35860 0.00452 -2.3%
0,182 1.45287- 1.94970 <-0.89 0.305 1.37925 0.17231 -2.1% 1.050 1.3563¢ 0.00408 -2.3%
6.184 1.44014 . 1.818¢2 -0.97 0.340 1.37842 D0.16209 -2.1F 1.400 1.35848 D0.00373 <2.34
0,186 1.44559 1.70006 -1.0% 04315 1.37763 0.15269 -2.1€ 14150 1.35602 0.003%% <-2.3%
0.188 1.46230 1.59247 <1.12 0,320 1.37689 0.14404 -2.17 1.2006 1.35785 0.00322 -2.3%
0.190 1.43921 1.49455 -1.18 0.325 1.37619 0.13€0€ -2.18 1.250 1.3576% 0.00303 -2.3%
0.292 1.63631 1.4(517 -1.2% 8.330 1.37553 0.128€8 -2.1% 1.300 1.35755 0.00288 -2.3%
0.194 1.43359 1.32338 ~-1.30 0.335 1.37490 0.12185 =-2.1% 1.350 1.35740 0.00276 -2.35
0.196 1.43102 1.24834 =-1.3% 0,340 1.37431 0.11551 =-2.20 1.400 1.35727 0.002E6 =-2.35
0.198 1.42853 1.17933 -1.39 0.345 1.37375 0.10962 =-2.21 1.450 1.35714 0.002%3 -2.3%
0.200 1.42630 1.11573 -1.4% 0.350 1.37321 0.10414 =-2.21 1.500 1.35701 0.00253 -2.3%
00202 1442412 1405€3S9 ~1e48 0335 137270 009904 =2.22 1.550 1e35€89 0400248 <234
0.204 1.4220€6 1.002€3 ~-1.51 0.3€0 1.37222 0.09427 =2.22 1.600 1.3567€ 0.002%% -2.3%
0.206 1.42011 0.9£223 <-1.55 0.365 1.3717€ 0.08682 =-2.23 1.650 1.35€64 0.00242 =-2.3%
0.208 1.641825 0.90541 <-1.58 0.370 1.37132 0.08565 =-2.23 1,700 1.35€52 0.002%0 -2.3%
0.240 1.416%9 0.861¥6 -1.6% 0.376 1.37090 0.081758 -2.2% 1.76C 41.35€40 0.00240 -2.3%
0212 1.41430 0.82126 =1.€4 0.380 1.37050 0.07809 =-2.2% 1.800 1.35€28 0.00233 -2.3%
0.214 1.41320 0.78336 <1.67 0.385 1.37012 0.074€5 =2.24 1.850 1.3561€ 0.08240 -2.3%
0.216 1.41187 0.747%6 -1.63 0.3%0 1.3697€ 0.07142 =2.2% 1.900 1.35€04 0.002%41 -2.3%
0.218 1.41021 0.71478 =1.72 0.395 1.36941 0.06€38 =-2.2% 1.950 1.35532 0.002%2 -2.3%
0.220 1.40881 O0.683E9 =-1.7& 0.400 14.36987 0.06552 -2.2% 2.000 1.35580 0.002%43 -2.3%
0.222 1.40747 0.65451 <1.7€ 0.410 1.36844 0.06027 =-2.2€ 24050 1.35568 0.00245 -2.3%
0.224 1.40613 0.62709 -1.78 0.420 1.36787 0.05558 =-2.27 2,400 1.35555 0.002%8 =-2.3%
0.226 1.4049€ 0.60128 -1.80 0.430 1.36733 0.05139 -2.27 24150 1.35543 0.00280 =~2.3%4
0.228 1.40378 0.57637 -1.82 0.440 1.36€84 0.047€2 -2.28 2.200 1.35530 0.00283 -2.3%
0.230 1.40265 0.55405 <1.83 0,650 1.36638 0.04423 -2.28 24250 1.35518 0.00256 -2.3%4
0.232 1.40157 0.52241 -1.85 0.4€0 1.36595 0.04116 =-2.28 2.300- 1.35505 0.00259 <-2.34
0.234 1.40052 0.51195 ~-1.87 0.470 1436555 0.03838 =-2.25 24350 1.35492 0.002€2 ~-2.33
0.236 * 1.39952 0.492€0 -1.88 0.480 1.36518 0.03585 ~2.2%5 2.400 1.35478 0.00266 -2.33
0aT38 139855 Q447428 -1.89 0430 136484 0.03355 -2.2¢ 2e450 135465 000269 <-2.33
0.240 1439782 0.45631 -1.91 0.560 1.36451 0.03145 -2.3C 2,500 1.35:51 0.00273 -2.33
0.242 1.39672 D.44044 <-1.92 0.510 1.36421 0.02953 <-2.30 24550 .1.35438 0400277 =2.33
0.244 1.3958€ 0.42480 =-1.93 0,520 1.36232 0.02776 -2.310 2.600 1.35424 0.00281 -2.33
0.246 1.39502 0.40936 -1.9% 0.530 1.3636% 0.026i5 =-2.30 2.650 1.35410 0.00285 -2.33
0,248 1.394227 0.3¢581 -1.9E 0.540 1.36240 0.024€6 -2.31 2,700 1.3539F 0.00283 -2.33
0.250 1.39344 0.38236 <-1.97 0.550 1.36316 0.02328 =-2.31 24750 1.35281 0.00283 =233
0.252 1.39269 0.3€955 -1.98 0.560 1.36233 (0.02202 -2.31 2.800 1.35366 0.002%8 -2.32
0.254 1.33196 0.35734 -1.99 0.570 1.36272 0.02085 =-2.31 2.850 1.35351 0.00382 -2.32
0.256 1.39126 0.34570 =-2.0¢ 0.580 1.36251 0.01976 =2.31 2.900 1.3533€ 0.00306 =2.32
0.258 1.39058 0.334%8 -2.01 0.550 1.36232 0.C1875 =-2.32 2.950 1.35220 0.00311 -2.32
0.260 1.38992 0.32387 -2.07 0.600 1.36214 0.01782 =2.32 3.000 1.3530F 0.00315 -2.32
0.262 1.38928 0.31382 -2.02 0.620 1.36180 0.01614 =-2.32 3.050 1.35289 0.00328 -2.32
U.2€4 1.3888E 0.30412 =2.03 0.640 1.361%3 0.C1488 =-2.32 3.100 1.35273 0.00324 =2.32
0.266 1.38806 0.2S4BhL =-2.084 0.660 1.36121 0.01340 =2.32 3.150 1.3525€ 0.0832% -2.3Z2
0.268 1.38748 0.285%6 -2.0% 0.680 1.36035 0.01228 =2.33 3.200 1.35240 0.0033% -2.31

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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TABLE 36. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR KF AT 2983 K (contimied)*

X -dn/ax dn/dT by e -dn/dx  dn/dT X n -dn/dx  dm/dT
ym ® um~ 10~ K- wn arn=t 10 K o w1078 gt
3,258 135223 G.003T8 -2.31 60200 1.33781 0000648 =-2.58 11.800 1.2813€ 0.01382 <~1.4C
30300 1.3520€ O0.06383 -2.31 6.300 1.3371€ 0.00€53 -2.17 12,000 1,2781F 6.61421 -1.45
3,350 1.35189 0.0CGIEE -2.3% 6:400 1,33643 0.00671 -2.3F 12,200 1,27€26 0.08453 =-1.41
3,400 1,35171 C.002%2 -2,3% €¢500 1033582 (.0068Z =-2.1E 12,400 1.2733% 0.01486 -1.3€
3,458 1.3515& 0.003F7 «2,31% 64660 1.33ET13 0.C0ES3 <2,4F 12,600 1.27033 @.01520 =-1.32
3.600 14,3513 0.003E2 -2.3% 6.700 3.33443 0,00705 -2.4% 12.800 1.2672€ 0.0155k -1.27
3.55¢ 1.35117 G€.003€7 -2.30 6.800 1.33372 C€.G0716 -Z.4% 13,000 1.26412 0.01589 -1.22
3,606 1,358 0.00372 -2.30 6.300 1.33300 0.00728 =2.13 13,200 1.26090 0.01624 =-1.17
Se03C 143568U 0.0USTT =2edT Te000 1433226 04006740 ~-2.12 13,408 1.25762 0.016€0 -1.17
3.7086  1.35061 C€.00382 -2.3C 7400 1033152 0.00752 =-2.13 13.600 1.254Z€ 0.816G7 -1.0¢
3.78¢ 1.35042 0.00387 <2.37 74200 1.3207€ 0.00783 -2.1f 13,800 1.25083 9.01734 -1.00
3.800 1.35022 0.60392 ~2.30 74300 1.32939 0.00775 ~-2.0% 14,600 1.24732 0.04772 -0.54
3.85¢ 31.35003 0.003%7 -~2.2% 7.408 1032921 0.00787 -2.0% 14,200  1.24374 0.01811 -0.8%
3,906 1.34983 0.00482 <-2.2% 7.500 1.3284Z 0.007S9 =2.08 14,400 1,24008 G.018E1 -D.8F
3.950 £.34963 0.00467 ~2.2% 7680 1.32761 ©8.00811 -2.07 14,600 1,23€33 0.01861 -0.75
40000 1,34942 0.00412 <Z.29 To700 1.32€76 0.00823 =2.0¢ 14,800 1,23Z51 0.01932 -0.6%
5.05¢ 1.36921 0.00417 =-2.2% 7.800 1.32596 0.00835 =-2.0% 15,600 1,22861 G.01374 -0.61
4,100 1.34908 0.004Z2 <2.2F 74900 1.32512 0400848 <-2.04 15,200 1.,22461 0.62047 -0.53
4¢450 1034879 0.00427 <=2.28 8,000 31.32427 0.00660 <-2.0% 15,400 1,22054 0.02061 -0.4E
4,200 1.34856 0.00432 ~-z.2¢8 84100 1.32240 0.00872 =-2.0Z 15.600 1.21€37 0.02105 -0.38
4.250 1.34836 0.00437 -2,28 8,200 1$.32252 0.00885 -2.03 15.800 1.24711 0.02181 -0.2%
4,300 1.3481& D.00LLP =2.7F% 5.300 1.32483 0.€0837 -2.00 16,000 1,2077€ 0002138 ~0423
44350 136732 0.0CLEE =-2.27 8,400 1.32073 6.00910 -1.99 16.200 1,2033z 0.02246 ~-0.11
4.400 1,34768 D0.06LES -2,27 8,500 1.31981 0.0092Z -1.9E 16.400 1,19878 0.0223% -0.02
4,450 1.347HE 008488 2,27 84600 1.31888 08.08935 =1.97 16,608 1.19414 0.0234¢ 0.08
4500 1.34723 0.004EZ 2,27 8,700 1.31794 0.00948 -1.9E 164800 1,18940 0.02395 GQ.4F
4.550 1.34700 G.004€8 =-2.27 84800 1.31693 0.009€1 -1.9% 17.000 1.1845€ 0.0244E  0.29
4oB0C $.34677. 0.0047k <~2,2F 8.900 1.31€02 0.00574 -1.9G 17,200 1.17961 0.02561 0.4§
4e658 1.34€53 0.00479 ~2.2E 9.008 1.31504 0.00S87 -1.5Z 17,400 1.1745€ B.02586  U.53
4700 1.3462% 0.0048% -2,2€ 2100 1.31405 0.01000 =-1.91 17600 1.1633¢ 0.02613 0.63
4a750 103460k DR.0048F <2.2F 9.2060 1.313%4 0.040{3 -1.9F 174600 1¢16410 0,02870 0.75
4.800 1.3458¢ 0.00495 -2.28 9.300 1.31202 0.010626 ~1.8¢ 184000 1.15870 0.027301 ©0.88
44850 1.34555 0.0056C <=2.2 90400 1,31099 0.01040 <~1,8 18,200 1.15319 0.02758 1.0Z
4,900  1.34530 0.00505 -2.2% 9,500 1.3093% 0.01053 -1.8¢ 184400 1.44754 0.02853 1.16
£e950 1.34504 0.0051% <2428 9,600 1.30888 0.0i067 =~1.8% 18.600 1.14177 0.02917 1.3T
5.000 1.34479 0.00516 -2.2% 9.700 1.30781 0.81080 -1.8% i8.800 1.13%87 0.02383 1.4F
£.460 1.34427 £.00527 -2.2% 9.800 1,30672 0.01034 -1.8% 19.000 1.,1298& 0.03081 1.e1
£.200 1.34373 0.00538 <-2.23 S.900 1.3056Z 6.01188 -1.61 19,208 1.12367 0.03121 4.78
5.300 $.34313 0.805&8 «2.23 10.000 1.30450 G6.01122 <-1.80 194400 4.1473€ 0.03192 1,95
5.400 1.34264 0.00589 -2,2% 10200 1.30223 0.01156 ~1,77 19.600 1.11890 0.0932€6 2,13
5.500 1.36207 0.08576 -2.22 10,400 1.29931 0.01178 -1.7% 19.800 1.1042% 0.03343 2,32
€.600 4§.34150 (.00581 -2,21 10.600 1.29752 0.01207 -1.7T 204000 1,09752 0.03421 2.52
§.700 4.34031 0.00532 -z.21 10,800 1,29508 0.01236 -1.€7 204500 1.07991 0.03622 3,04
5.800 1,34831 (0.DDELS -2.28 11,000 1.29258 0.01Z€6 -1.€% 21,000 3.06121 D.D38EkF  3.6%
5,968 1.33970 0.00€1& -2.18 11.208 1.29001 0.012%96 -1.€0 21,500 1.04134 0.04093%  4.30
6,000 1.33%08 0.00625 ~2,1% 11,400 1.28739 0.0433€ <~1.57 22.000 1.,02018 0.04367 5.0%
£«100 1.33845 0.00€37 -2,18 114600 1,28471 D0.013%7 1,57

* In this table more decimal places are reported than warranted merel;
Tor meauluglul decimal places and unceriainties of tabulat
number of digits with an overstrike are not relevant to ace

J. Phys. Chem. Ref. Data, Vol. 5, Ne. Z, 197¢

y for the purpose of tabular smoothness and internal comparison,
ed values in various wavelength ranges, see the text of subsection 3.9. The
uracy of the data,
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H. H. L

TABLE 38. COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR KF

s e Wavelength and Dispersion Equation

oure Temperature Ranges X in ym; p in em™t
Raudlakxishnan, T. [46] 0.21 0.58 pm 02— 1.ea782 1 —0:00435 43017 52
1934 330 K A% - (0.126)2

2 2

Present work 0.15-22.0 ym nt = 1,55083 + 22202 N 300000 )
1975 293 K A% - (0.126)2 2% - (51.55)2

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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3.10. Potassium Chloride, KCi

Potassium chloride is widely used in spectroscopy,
since its optical properties make it a convenient window
and prism material from the ultraviolet to the infrared
regions. The transmission range is about 0.21 to 30 um.
A plate 1 cm in thickness transmits radiation up to.24
um. Since strong absorption occurs near the trans-
mission limits, the nseful transmission range of KCl
is about 0.38 to 21 wm. Of all the substances which
are otherwise suitable for optical parts, KCl is trans-
parent over a wide range of the infrared spectrum.

KCl is grown in the same way as NaCl, but sometimes
multiple crystals instead of single-crystal ingots result.
Therefore, large prisms are somewhat rare and ex-
pensive. Crystals 30 cm in diameter are available.

Measurement of the refractive index of potassium
chloride dates back to 1871, when Stefan [53] deter-
mined the refractive index of a sylvite prism for the B,
D, and F of Fraunhofer lines. Later work, represented
by Rubens [72), Martens [54], Paschen [55], and Gyulai
[27], provided a large amount of data in the transparent
region. Mcasurcments beyond the transparent region
were not made until 1934 when Cartwright, et al. [61]
analyzed the reflection and transmission spectra of KC1
thin films in the infrared region, 126 to 232 um. In the

low ultraviolet region, Tomiki [89] published values ob-

tained by analyzing the reflection spectra. Refractive
index data are now available for a wide wavelength range
- from 0.106 to 232 um.

By a careful examination of the available data and in-
formation, five data sets provided by Martens [54],
Paschen [55], Hohls [29], Harting [30], and Rubens and
Nichols [58], were selected as the basis for reference
data generation. The values of Hohls were obtained for
a very thin plate specimen, and are slightly lower than
those for bulk material. Data sets which are not selected
were either reported with unreliable values or were mea-
sured under inadequate conditions. Data in the ab-
sorption regions were not analyzed, but are included
here for completeness of presentation. Since the selected
data were obtained at various temperatures, the tempera-
ture derivative, dn/dT, was needed to reduce the data
to 293 K.

Measurements of the temperature coeflicient of the
refractive index, dr/dT, made available in the wavelength
region from 0.21 to 21.0 zom by a number of investigators,
were sufficient to carry out a least-squares fitting calcu-
lation. Potassium chloride is among the five materials
which provided the empirical results that led to the
parameters in table 5. With the aid of these parameters
we constructed a formula for estimating dr/dI over a
broader range of \:

dn 3393\
b | 2 PR bt S
2n Gr==1113(n*~1) +0.19+ 5=( e
142,56\

(A\2—4958.98)2 (41)

where dn/dT is in units of 103K ~?* and A is in um.

In figure 36, the results calculated by eq (41) are
compared with the cxperimental data. It appears that
for wavelengths longer than five microns the calculated
values are in general lower than the observed values,
and that in the short wavelength region, 0.25—0.50 um,
the curve is higher than experiment. By a review of the
sources, one can find that data sets 32, 34, and 36 (32
and 36 not shown in fig. 36) were obtained at about
330 K, some 40 degrees higher than 293 K, while data
set 35 was obtained at a mean temperature about 15
degrees lower than 293 K. The trend of these data
indicates that the absolute value of dn/dT increases
with increasing temperature. Although dnr/dT data of
curve 9 were obtained at a mean temperature of 293,
they appeared to be randomly scattered and not con-
sistent with the trend demonstirated by curves 34 and 35.

It can be safely said that eq (41) predicts correct
dn]dT values for wavelengths smaller than five microns.
For wavelengths larger than five microns, experimental
evidence is not sufficient to substantiate the predictions
made by eq (41). However, the fact that the empirically
constructed dn/dT formula for Csl predicts correct
values for Csl in the long wavelength region, as dis-
cussed in subsection 3.20, gives strong evidence that
eq (41) can be used to calculate the dn/dT data for
KCl in the long wavelength region,

Equation (41) was used to make temperature correc-
tions on the selected data sets which were obtained at
temperatures other than the reference temperature,
293 K.

Dispersion formulas of KCl have been proposed from
time to time by a number of authors, and have appeared
in different forms. Table 44 contains a number of typical
formulas. They have all been reduced, wherever
possible, to standard forms so that a visual comparison
can be easily made. From tables 3 and 44, preliminary
parameters for a least-squares fitting were obtained.
The calculation yielded the following dispersion equation
for KCl at 293 K in the transparent region, 0.18-35.0 pm.

. 0.30523x2  0.41620\2
nt=1.26486+ < 510072 T N — (0.131)°
0.18870)2 2.6200)2 )
N (0.162)° T M- (70.42)"

where A is in units of pm.

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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Equations (41) and (42) were used to generate the
recommended values. The values appearing in the table
of recommended values do not reflect the degree of
accuracy; extra decimal places are given simply for
tabular smoothness. In order to use the table properly,
the reader should follow the criteria given below.

J. Phys. Chem. Ref. Date, Vol. 5, No. 2, 1976

For refractive index:

Wavelength range Meaningful Estimated
(pum) decimal place uncertainty, =
0.18- 0.20 2 0.01
0.20—- 0.24 3 0.005
0.24~ 0.35 4 0.0005
0.35-10.00 4 0.0001
10.00-15.00 4 0.0002
15.00-21.00 4 0.0005
21.00-30.00 3 0.006
30.00-35.00 3 0.008
For dn/dT-
0.18- 0.20 1 0.9
0.20- 4.0 1 0.3
4.00—15.00 1 0.5
15.00-35.00 1 0.9
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TABLE 40.. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
’ TEMPERATURE DERIVATIVES FOR KCI AT 293K *

- dn/dT by : -dn/d) - dn/dT X -dn/é\  dn/dT
’ﬁn n gﬁl 1075 K- pm n pm-l 10-5 K- um n wm- 10K~
04180 - 1.89324 15.928%8 17.2% 0a300 154558 0459045 =275 14000 1.47983 .0.01099 -3.20
0,182 1.86392 13.58387 13.74 3.305 4.54273 0.55253 -2.78 1,050 1.47932 0.00953 -3.20
D.184 1.83883 11.65238 11.0B 0.310 1.54005 0.51798 ~2.81 1.100 1.47887  0.00833 -3.20
0.186 1.3170% 10.18879  9.01 0.315 1.53754 0.48642 <=2.8% 1,150 1.47848 0.0073% -3.21
0.188  1,7978S 9.00318 7.3% 0.320 1.53518. 0.45752 =~2.8€ 14200 1.47817 0.0065Z -3.21
0.190  1.78087 8.04152  6.0% 0.325 1.5329€ 0.43099 ~2.88 1.250 1.47783 0.00582 ~-3.21
0.192 1.76582 7.23545  4.9% 0330 1.53087 0.40658 -2.90 1.3080 1.4775% 0.0052% -3.21
0.19% '1.75184 6.55505 ~ 4.04 04335 1.52889 0.38407 =~2.92 14350 1.47730 0.0047% -3.21
0.196  1.73933  5.97413  3.28 04340 1452703 0.36327 =2.93 1,400 1.4770€ 0.00431 --3.21
0198 1.72789 5.47316  2.64 0345 1.£2526 0.34402 =2.9% 1,450 1.47687 0.00394 -3.21
0.208 1.71738 5.03730-  2.08 04350 1.52358 0.32617 =2.9E 1.500 1.47€68 0.00363 -3.21
0,202 1.70771 4.65513  1.61 8.355 1.5219% 0.30959 =2.S7 1.550 1.47€51 0.00335 -3.21
0.204% 1.69874 4431771  1.1% 0.360 1.52049 0.29417 =~2.98 1.600 1.47€34 0.80312  -3.21
0.206 1.69041 4.01732  0.83 0.365 1.51905 0.27980 ~-3.00 1.650 1.47619 0.00291 -3.21
0.208 1.68265 3.75007  0.51 . 0.370  1.51769 0.26638 =3.01 1.780 1.47€05 0.00273 -3.21
0.210 1.67533 3.509%5 0.23 04375 1.51€33 0.25385 =-3.07 1.750 1.47592 0.002%7- -3.21
0.212 1.66860 3.29256 <-0.02 0.380 1.51515 (0.24212 =3.02 1.800 1.47580 0.00243 ~-3.21
0.214 1.66221  3.09538 ~-0.25 . De385 1.51396 0423113 -3.03 1.850 1.47568 0.00230 -3.21
0.216 1.65620 2.91720 <0.4E 0.390 ~1.51287 0.22082 =~3.0% 1.900 1.47557 ' 0.008213 -3.21
0.218  1.65053 2.75404 =0.63 . 0.395  1.54175 (0.21114 =-3.05 1,950 1.4754€ 0.00218 -3.21
0.220 1.64517 2.604€k <-0.8T 0.400 . 1.51072 0.20204 =-3.05 2.000 1.5753€ 0.00201 -3.21
0.222 1.66010 2.46743 ~0.9% 0.410 - 1.50873 0.18533 ~-3.Q7 24050 1.4752€ 0.0049% --3.21
0.224  1.63538 2.34105 -1.028 0.420 1.50701 0.17058 =3.08 2.108° 1.4751F  0.00187 -3.21
0226 1.63073 2422436 =120 - 04430  1,£0537 0.15736 ~3.0% 24150 1.47507 0.00181 -3.21
0.228 1.62639 2.11635 ~1.32 Do440 1.50386 0.16551 . -3.10 2.200  1.47498 -0.00176 =-3.21
0.230° 1.62226 2.01614 =1.42 0.450 1.50245 0.13485 =3.18 24250 1.47489 0.0017Z =3.21
1.232 1.61833 1.92298 «1.52 - 0.uEQ 1.%011% 0.42823 -3.4% 2.3409 1.47484 0.00168 =3.241
0.234 . 1.61457 1.82619 <-1.61 0.470 - 1.49995 0.11€54 =3.12 24350 1.47473 0.001€4 =3.21
0,236 1.61098 1.75519 ~-1.69 0480 1.49882 0.208€5 ~3.12 2,400 1447464 0.00161 ~3.21
0.238. 1.60754 1.67946 ~-1.7E 0,480 1.49777  0.10147 ~3.13 20450 1.47457  0.00158 -3.21
0.240 1.60426 1.60853 -1,83 0.500 1.49679 0.09493 ~=3.13 24500 1.47448 0.00156 ~-3.21
00242 1.60111 1.54201 <-1.98 04540 1.49587 0.08895 - -3.14 2.558 1.47441  0.00154 -3.21
04244 1.59808 1.47951 =1.96 04520 1.49501 0.08347 <3.1% 2.600 1.47433 0.00152 ~-3.21
0.246 1.59513 1.42072 <-2.0%1 045307 1.49520 0.07845 ~3.4% 2.650. 1.4742€ 0.00351 ~-3.21
0e248 1.59240 41.3€53% <2.07 04540 2.49344 0.07383 ~-3.1% 24700 1,47418  8.00150 -3.21
8,250 1.58972 1.31310 =-2.42 - 0.550 1443272 006957 =3.15 2.750 1447411 0.00145 -3.2T
‘04252 1.58715 1.2€377 =-2.1€ 04560 1449205 0.06564 <3.1€ 24800  1.47403 .0.00148 ~3.20
0.254 1.58466 1.21713 -2.21 0.570 1449141 0.06201 -3.1E 24850 1.4739F 0.00147 © ~3.2
0.256 1.58228 1.1723 -2.25 0.580 1.49081 0.05865 -3.1% 2900 1.4738% 0.00147 -3.2T
8.258 1.57997 1.13116. =-2.28 ~  0.590 1.49823 0.05553 -3.4€ - 24950 1.47381 0.00145 -3.20
0.260. 1.57775 '1.09143 <~2.32 04600 1.48963 0.05263 =3.17 3.000 1.47374 0.00148 -3.2T
0.262 1.57560 1.05382 -2.35 04620 1448869 0.04742 ~3.17 3.050 1.47367 0.00146 -3.20
0.264 1.57353. 1.01803 =-2.39 0.640 1.48773 0.04290 =-3.17 3.100 1.47359 0.00146 . =3.27
0.266 1.57153 $.98399 -2.42 0.6E0 1.48697 0.038S%4 =3.18  3.150 1.47352 0.08146 -3.20
01.268 1.5696R  0N.951E8 «2.45 D.6A0  1.4R€23 0.03G4F =3.14 3.208 1.47345 B.00147  =3.2
04270 1.56772 8.92078 - -2.47 - 04700 1.,48555 003233 -3.13 3.250 1.47337  0.00147 ~-3.20
0.272 1.56591 0.89126 =-2.50 0720 -1.48493 0.029€8 -3.18 3.300 1.47330 0.00148 @ -3.20
0.274 1.56418 0.8€2317 =-2.52 0.740 1.48436 0.02727 ~=3.13 3,350 1.47323 0.00148 ~3.20
04276 2.5624€  0.83€34 <~2.55 De7€0 1448384 0402511  ~3.19 3,400 - 1.47315 0.00143 -3.20
‘04278 1.56081 0.81070 <-2.57 0.780 1.4833€ 0.02319 -3.19 . 34450 1.47308  0.00149 ~3.2
0.280° 1.55921 0.78618 <-2.59 - 0.800 1.48291 0.02146 <-3.13 34500 1.47300 000150 =-3.20
0.282 1.55767  0.7€272 -2.61 0.820  1.48250 0.01S90 =3.1% 3.550 1.,47293 0.00151 -3.20
0.284  1.5561F 0.74026 -2.63 0.840  1.48217 0.01850 ~-3.1% 3.600 1.47285  .0.00152 -3.20
o280 1e55470 0e71873 =2s€5 DeBEDT . 1e#B176 0elULTZS =302l SeB5U 147278 UeUUYLSS ~5.20
0.288 1.55329 0.69803 -2.66 0.880 1.48143 0.01607 ~3.20 3.708  1.47270 0.00154  -3.20
04290 -1.55191 0.67830 =-2.6& = 0.900 1.48111 0.01502 =-3.20 3.750 1.47262 0.00155 -3.1%
0.292 1.55857 0.65930 -2.78 0.920 1.48082 0.01407 - =3.20 3.800 1.47254 0.00156 <=3.1%
0.294 1.54927 0.64405 -2.71 0940 1.48055 ©€.01319 -3.28 3.0850 147247 0400157  -3.45%
0.296 1.54801 0.62352 -2.73 0.9€0 1.48030 0.01233  ~-3.20 3.900 1.47239 0.00458 ~-3.1¢

04298 1.54678 0.606€6 <~2.74 0.980 1.48006 0.01166 =-3.20 - 3.950 $.47231 0.08159 -3.1¢
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TABLE 40. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR KC1 AT 293 K (continued)*

X - ~dn/d) dn/dT Py n -dn/d\  dn/dT X n -dn/dy dr?s/dT1
pm pm=t 10-5 K- pm pm™ 105 K- um pm™ 1075 K-
4,000 1.47223 0.001€1 -3.19 84100 1.46290 0.00302 -3.13 16,400 1.42295 0.00681 -2.58
4,050 1.47215 0.001€2 =3.1% 8.200 1.4626T7 0.00208 -3.18 16.600 1.42158 0.00692 =-2.5E
4,100 1.47207 0.00163 =3.19 8.300 1.46229 0.00310 -3.13 164800 1.42018 0.00703 =-2.5&
4,150 1,47198 0.001€4 -3.1C B.400 1.46498 0.0021% -3.08 17.000 1.41877 0.00714 <=2.52
4,200 1.47198 0.0081€66 <-3.19 84500 1.4616€ 0.00318 -3.05 17.200 1.41733 0.00725 ~2.49
4o250 1447182 000467 =3.1% 8.600 1.4613% 0.082322 -3.0% 17.400 1.41587 0.00737 -2.47
44300 1.47173 (0.0C01€F ~3.1% 84700 1.4610Z 04002326 =-3.08 17.600 1.41438 0.00748 -2.43
44350 1.4716% 0.00178 -3.13 8.800 1.46063 0.00330 -3.08 17.800 1.41287 0.007€0 -2.42
4400 1.4715€ 0.00171 -3.1% 8.908 1.4603E 0.00334 -3.08 18,000 1.4113% 0.00772 =2.35
4,450 1.47168 0.00173 -3.19 9,000 $.46002 0.00338 =-3.07 18,200 1.40973 0.00783 -2.37
44500 1447135 0.0017% -3.1F 9.100 1.4596F 0.00342 ~3.07 184408 1.40821 0.00795 -2.3%
4,550 1.47130 0.0017% ~-3.13 9.200 4.45934 0.00346 ~3.0E 18.600 1.40661 0.00808 -2.31
42600 1.47122 0400177 -3e18 34300 1045693 0.00350 -3.0€ 184800 4.40498 000020 -2.28
4.650 1.47113 0.00173 -3.1€ 9,400 1.45864 0.00354 ~3.0€ 19,000 1.40333 0.00832 -2.25
4,700 1.4710% 0.00183 ~-3.1% 9,500 1.45828 0.00358 ~-3.0%5 194280 1.4016F 0.00845 -2.22
44750 1.47095 0.00182 =-3.1F 9,600 1.45792 0.00362 =-3.0% 19,400 1.,3999%5 0.00857 -2.19
4,800 1.4708% 0.00183 ~-3.18 9.708 1.4575& 0.00265 =-3.0% 19.600 1.39822 0.00870 -2.1€
4eB850 1.4707€ 0.00185 ~-3.1% 94800 4.45713 0.00371 -3.04 19.808 1.39€47 0.00883 -2.1T
4,900 1.47067 0.00187 -3.18 9,900 1.45€82 0.00375 ~-3.0% 20,000 1.39463 0.00897 -2.09
4,950 1.47958 0.00188 -3.18 10,000 1.45€4% 0.€0373 -3.07 20,500 1.39012 0.00930 -2.00
5.000 1.47048 0.00190 <-3.18 10.200 1.45567 90.00387 -3.02 21,000 1.38%538 0.00986% -1.91
5.100 1.47029 0.00193 -3.18 10,400 1.45489 (.00396 =-3.02 21.500 1.38047 0.04001 -1.81
5.200 1.47018 0.001S6 -3.17 10.680 2.45408 0.0040% =3.01 22,000 1.37537 C.01038 -1.70
5,300 1.46930 0.00200 <-3.17 10.800 1.45327 0.00413 -3.00 22,500 1.37009 0.01076 -1.58
S.400 1.46970 0.00203 <-3.17 11.000 1.4524% 0.00421 -2.99 23.000 1.36461 0.01116 -1.46
5,500 1.46943 0.00286 <-3.17 11.200 1.45159 0.00430 -2.98 23.500 1.35892 0.01157 ~1.33
5.600 1.46928 0.00218 -3.17 11,400 1.4507Z 0.00439 =-2.97 24,000 1.35303 0.01200 =-1.18
5.700 1.46907 0.00213 -3.1€ 11,600 1.44984 0.80447 =-2.9E 24,500 1.34€32 0.01244 <~1.03
5.800 2.4688E 0.90217 =-3.1€ 11,800 1.44893 0.00456 =~2.94 25.000 1.34059 0.01290 -0.87
£.900 1.46864 0.00220 ~-3.1€ 12,000 4.44801 0.00465 =2.93 25.500 1.33402 0.01338 -0.€9
84000 1.46842 0.00224 <-3.4€ 12,200 1.44707 0.0047% -2.52 264000 1.32721 0401388 =051
€.100 1.46813 0.00227 ~3.1F 12.400 1.64617 0.00483 -2.91 26,500 1.320T4 0.01433 -0.3T
§.200 1.4679€ 0.00231 -3.1% 12,600 1.54514 0.00432 -2.90 27,000 1.31281 0.01493 -0.09
€.300 1.46773 0.08235 -3.1%F 12,800 1.44415 0.00501 ~2.88 27.500 1.30520 0.01550 0.1%
E.bD0  1.46789 0.00238 -3.1F 13.000 1.44313 0.00511 -2.87 28.000 1.29731 0.016T3 08.3%
6+500 1.46725 0.00242 -3.1F 12,200 1.44210 0.00520 <-2.8E 28.500 1.28911 0.01671 0.€5
€.600 1.4670L 0.00286 -3.1% 13,400 1.44105 0.00529 -2.8% 29.000 1.28060 0.01735 0.9%
6.700 1.4667€ 0.00243 -3.1% 13,600 $.43993 0.00539 -2.83 29.500 1.2747F 0.01883 1.25
€.800 1.46651 0.002%3 -3.1k 13.800 1.43890 0.00548 -2.82 30,000 1.2625€ 0.01874 1.58
€.900 1.46626 0.062°7 =341% 144000 145779 000558 =280 30,508 1.25301 D.01943 1.93
7.000 1.46600 0,002€0 -3.13 14,200 1.43€67 C.00568 =-2.7% 31.000 1.24307 0.02027 2.31
74100 1.46574 0.002€4 -3.13 14400 1.43552 0.00578 -2.77 31.500 1.23273 0.02110 2.73
7.200 1.46547 0.0082€8 -3.13 14,600 1.4343E 0.00588 <-2.75 32,000 1.2219€ 0.02197 3,17
7.300 1.46520 0.00272 =3.13 140800 1.43317 0.00598 ~2.74 32,500 1.2107% 0.02290 3.€5
7.400 1.46493 0.90275 -3,12 15.000 1.43197 ¢€.00608 <-2,72 33.000 1.1990€ 0.02388  4.17
7.500 1.46465 0.80273 -3.1F 15.200 1.43074% (.00618 <~2.70 33.500 1.18€3E 0.02491 4.7
7.600 1.46437 0.00203 -3.12 15,400 1.42950 0.00628 ~2.68 34,000 1.17413 0.02601 5.3
7.700 1.46498 0.00287 -3.11 15,600 1.42823 0.00638 ~2.€E 34,500 1.16084 0.02713 6.00
7.800 1.4637%  0.00291 -3.11 15.800 1.42€94 0.00643 -2.64 35,000 1.14€93 0.02844 6.72
7.900 1.46350 0.00295 -3.11 164000 1.42563 0.00€€0 ~2.€3

* In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison,
For meaningful decimal places and uncertainties of tabulated values in various wavelenglh rauges, see the text of subsection 3.10. The
number of digits with an overstrike are not relevant to accuracy of the data.
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REFRACTIVE INDEX OF ALKALI HALIDES
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TABLE 44. COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR KCl

s Wavelength and Dispersion Equation
ource Temperature Ranges A in ym; vy in em™!
2 2
Rubens, H. and 0.434-22.5 ym o =1.5320 + —0 841007, 2.3792)
Nichols, E.F. [58] 291 K A2 - (0.1530)2 22 - (67.21)2
1897
. 2 2
Martens, F.F. [54] 0.185-0.768 ygm  n?=1,25841 + —2CT20LL A, 0.244605 )
1901 291 K AZ - (0.115265)2 22 - (0.160730)2
2
,1.93343)
A% - (61.1)2
2 2
Paschen, F. [55] 0.58-17.70 ym  n2=1,200970 + — = 00TIL X", 0.273286 §
1908 288 K A2 - (0.109125)2 )% - (0.159859)2
, 1.691652 X2
A2 - (57.380)?
Harting, H. [30] 0.213-1.083 ym  n=1.47298 + —2=00945
1943 293 K (A~ 0.1045)1-%
Radhakrishnan, T. [48] 0.185-22.5 ym  n?=1.243412 + 2=097902 X , 0.057030 3*
1948 291 K A2 - 0.01000 2 - 0.017161
0.198086 )2 4+ 2:514254 A2
2% - 0.026244 )2 - 4998.5
2
Present work 0.18-35.0 ym n? = 1.26486 + 230523 0% 0.41620 )
1975 293 K A% - (0.100)2 22 - (0,131)2

0.18870 )2 o 2.620 X
A2 - (0.162)2 X2 - (70.42)2
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3.11. Potassium Bromide, KBr

Potassium bromide has optical characteristics similar
to those of rock salt, but, having a higher molecular
weight, it transmits further into the infrared. Crystals
up to 11 kg are available from Harshaw Chemical Com-
pany. Very pure samples have been obtained and they
can be cleaved easily. KBr is of interest to designers of
optical instruments because of its transparency in the
infrared region. Although KBr is transparent from 0.20 to
42 pm, the useful region is from 0.3 to 30 um because
strong absorption occurs near the transparency limits.

Measurements of the refractive index of KBr date
back to 1874. For the transparent region experimental
values were obtained mainly by the deviation method.
For low ultraviolet and far infrared wavelengths there
were no measurements until 1967, when Vishnevskii,
et al. [90] reported their results for the region from
0.170 to 0.197 um and Handi, et al. [16] reported re-
sults for the region 35 to 770 um.

After carefully reviewing this work, we have selected
the data sets reported by Spindler and Rodney [96],
Stephens, et al. [97], Forrest [98], Harting [30], and
Gundelach [99] as the basis of the generation of ref-
erence data. Data sets which were not selected either
reported poor values or were determined by inadequate
methods. Data for thin films ‘are not consistent with
those for the bulk material. The properties of the thin
film vary widely with the surface conditions, the treat-
ment of the sample and the thickness and aging of the
film. As a consequence, the thin film data are useless
unless a protecting coating was deposited to preserve its
characteristics. Data for the absorption regions were not
included in the analysis, but are presented here for
completeness. Note that the selected data were obtained
at different temperatures: the effect of temperature vari-
ations should be corrected before they were used for
data analysis.

Data on the temperature coefficient of refractive
index, dn/dT, of KBr are very scanty and limited. Only
five sets were found, covering the wavelength range from
0.26 to 1.1 um. Among the available data, those of Spind-
ler and Rodney [96] are reasonably good, and those of
Harting [11] show a wide scatter and are not internally
consistent. The single value of Stephen, et al. [97] is a
rough averaged value of dn/dT in a wavelength range of
0.404 to 25.14 um at 205 K, and is consistent with the re-
sults of Spindler and Rodney. The single value reported
by Forrest [98] is the average value of dn/dT in a wave-
length range of 0.40 to 0.77 wm at a mean temperature of
301 K and is consistent with the other data sets. The
single measurement of Korth [100] is not accurate. The
available data on dn/dT are not suitable for a curve-
fitting calculation, because the wavelength coverage
of the acceptable data is not wide enough to make

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976

evident the effects due to the thermal shifts of absorption
peaks. However, by use of our novel findings, reasonable
estimation of dn/dT for a wide wavelength range is not a
problem. The empirical parameter values in table 5 were
used to construct the dn/dT for a wide wavelength range
is not a problem. The empirical parameter values in
table 5 were used to construct the dn/dT formula of
KBr for the whole transparent region:

dn_ . 3.944 4
2n T 11.61(n 1)-&-0.39-%——-—-'————-()\2_~O.034'97)2
4
" 182.88\ (43)

(A2—7694.80)2

where dn/dT is in units of 107°K~* and A in pm.

A comparison of the values calculated by eq (43) and
the existing data is shown in figure 40. It appears that
the calculated values are in general higher than the
experimental values, but we have reason to believe that
eq (43) predicts correct dn/dT values for the whole
transparent region.

1. It has been observed in halide crystals that the
absolute value of dn/dT increases with increasing
temperaiure. Spindler and Rodney obtained dn/dT at
295 K; our dn/dT, for 293 K, should be located above
their values. This is clearly shown in figure 40, where
the calculated curve is above and roughly parallel to
curve 5. Although the separation of these two curves
seems too large to account for only two degrees in
temperature difference, it is within the uncertainties in
our calculation and the experiment.

2. In the case of Csl, the empirically constructed

formula predicts correct dn/dT values in the long wave-
length region, as discussed in subsection 3.20. One can
expect this is to be the case here.
Spindler and Rodney derived an empirical relation
(given in table 49) between dn/dT and wavelength, based
on their experimental results. This expression indicated
that dn/dT increases with increasing wavelength in the
visible region 0.4 to 0.71 wm, but no attempt was made
to derive dn/dT beyond the visible region.

Equation (43) was used to make temperature correc-
tions to the selected data sets which were obtained at
temperatures other than 293 K.

Quite a few dispersion equations have been proposed

- from time to time by a number of authors, and in various

forms. Table 49 displays a few of typical formulas. They
have all been reduced, wherever possible, to standard
forms so as to facilitate a visual comparison. From the
information in tables 3 and 49, preliminary parameters
for least-squares fitting were obtained. The calculation
yielded the following dispersion equation for KBr at
293 K in the transparent region, 0.20 to 42.0 pum.
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0.79221 \* 0.01981 A7
2—(0.146)% . A2—(0.173)

n?=1.39408 + N

N 0.15587A% 0.17673)\* 2.06217\2
Az—(0.187)2 © A2— (60.61)2 = A2—(87.72)%’

(44)

where X is in units of pwm.

Equations (43) and (44) were used to generate the
recommended values. The property values are given to
more decimal places than needed simply for the purpose
of tabular smoothness. In order to use the table of recom-
mended values properly, the readers should follow the
{ollowing criteria:

For refractive index:

Wavelength range Meaningful Estimated
(wm) decimal place uncertainty, =
0.20- 0.25 3 0.006
0.25- 0.35 4 0.0005
0.35— 0.40 4 0.0002
0.40-20.00 4 0.0001
20.00-26.00 4 0.0005
26.00-35.00 3 0.006
35.00—-42.00 3 0.008
For dn/dT-
0.20- 0.25 1 0.9
0.25— 4.0 1 0.3
4.00-30.0U 1 0.5
30.00—42.00 1 0.9

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, 1976
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TABLE 45. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR KBr AT 293 K*

Y n ~dn/dx dn/dT by n -dn/dA  dn/dT by n -dn/d\  dn/dT
pm um-l 10-5 K-l ym Wn-l 105 K-t um um-l 10—-5 K-
04200 2409953 25467845 S0.07 0350 1.€1167 0.5277?7 -3.2%4 1,500 1.5399% 0.00482 -3.72
0.202 2.05356 20.61414 37.GE 0.355 1.€0911 0.49906 -3.26 1.550 1.5397€ 0.00448 -3.72
0.204 2.01607 17.0€8%8 29,63 04360 1.€0668 0.47251 -3.2% 1,600 1.53955 0.00404 =3.72
04206 1.98486 14446978 23.6T 0.3€5 1.€043F 0.447927 =~3.3T 1,650 1,5393% 0.00372 -3.72
0.208 1.95778 12.494€8 19.17 0.370 1.€0220 0.42509 -3.34 1.700 1.53917 0.00343 -3.72
0.210 1.934%0 10.9491C 15.6€ 0.375 1.€0013 0.40386 -3.36 14758 1.53901 0.00313 ~3.72
0.212 1.91378 9.71023 12.95 00380 1+59816 0.38409 -3.37 1.800 1.53886 0080296 <-3.72
0.214 1.89540 8.6S715 10.7¢ 0.385 1.59628 0.36566 ~-3.39 1.850 1.53871 0.00277 -3.72
0.216 1.87888 7.854€2 9.0% 0.390 1.59450 0.3484% ~3,41 1,900 1.53858 0.00253 -3.72

- 0e218 1.86390 7.14379 ~ 7.5€ 0,395 1.59280 0.33234 =-3.42 1,950 1.53845 0.00244 -3,72
0.220 1.85023 6.53€E1 6.3k D.400 1.%9117 0.21728 -3.4% 2,000 1.53833 0.00230 -3.73
0.222 1.83770 6.01238 5.32 0.410 1.5881%4 0.28983 =-3.4E 2.050 1.53822 0.00217 -3.73
0.224 1.82618 5.55581  4.4% 0.420 1$.58537 0.2€560 =3.4E 24100 1.5381Z 0.00208 -3.73
0.226 1.81544  5.15407  3.€9 0.430 1.58282 0.24410 =3.5C 24150 - 1.53802 0.00196 =-3.73
Ue228 1480549 4,787 3e 04 Dol40 1o5BUHE De22434 =352 24208 1453792  UVe0D187 <~3473
0.230 1.79622 4.4822%1  2.47 6.450 1.57831 0.20780 ~3.5% 24250 1.5378F 0.08173 -3.73
0.232 1.78754 4.19859 1,97 0.4€0 1.57€32 0.19242 <3,55 24300 1.53774 0.00171 -3.73
0.234 1.77940 3.94213  1.53 0e470 1.5T4LE 0417856 ~3.5€ 24350 1.5376€ 0.001€5F -3.73
0236 1477175 371196 1e14 0480 1457274 041€€05 -3.57 2e%00 1453758 0400158 -373
0238 1.7645% 3.50187 0.7% 8490 1.5711% 0415471 =3,58 24450 1453750 0.00153 -3.73
0,240 1.75773 3.31020 0.48 0,500 1.%56964 O.l4k41l =3,59 2,500 1.53742 0400148 -3.72
0.242 1.75125 3.13471  0.20 0,510 1.56825 0013503 =3.60 24550 1.53735 0.00143 -3.72
C.244 1.74518 2,97352 -0.6€ 0520 1.56€94 0.12647 -3.61 24608 1.5372€ 0.00433 -3.72
0.246 1.73939 2.82502 <0.28 0,520 1.56571 0.11863 -3.€1 24650 153721 0.00135 ~3.72
0,248 1.73388 2,68782. «=0,4¢ 00540 1.5645€ 0.1114% <3.62 2,700 1,5371% .0.00132 -3.72
0.250 1.72863 2.5€075 -0.68 04550 1.56348 0.10484 -3.63 2.750 1.53708  0.00123 -3.72
0.252 1.72363 2.54277 <-0.8€ 0560 1.56247 0.09876 <=3,€3 2.800 1.53702 0.00128 -3.72
0.254 1.71885 2433300 <-1.0Z 0.570 1.%56151 0.09316 <-3.6% 2.850 1.53€95 0.00124 -3.72
0.256 1.71429 . 2.230€k ~1.4€ 0.580 1.56060 0.08797 <-3.E4 2.900 1.5368% 0.00121 -3.72
0.258 1.70993 2,13502 -1.30 04598 1455375 0.08318 -3.6€5 24950 1.53€83 0.00119 -3.72
0.260 1.70575 2.0455% <~1.4% 0.600 1.55894 0.07873 ~3.€E 3.000 1.53€77 0.00117 -3.72
0e262 1470174 14961€HF -1.5% 02620 1455744 0607077 ~34€€ 34050 1e453€7Z 0s00846 <=347Z
0.264 1,69790 1.88286 ~-1.6& 0.640 1.55610 0.06386 -3.EE 3,100 1.5366€ 0.0011% =3.72
0.266 1.69421 1.80878 -1.7% 0.660 1.55488 (0.0578% <~3.€7 3,150 1.63€60 0.0011F -3.72
0.268 1.6906€ 1.73300 <-1.8% 0.680 1.5537€ 0.05257 <=3.€7 3.200 1.53€55 0.00112 <-3.72
0,270 1.68725 1.67321 <-1.92 0.700 1.55278 0404793 <-3,.€8 3.250 1.53€4C 0.00111 -3.72
0.272 1.68396 1.61167 <-2,0% 0.720 1.5518% 0.04383 -3.68 3.300 1.53€43 0.00110 <~3.72
0.274 1.68086 1.55233 -2.08 Ga740 1.551082 0.04019 <-3.€8 3.350 1.53638 0.00109 -3.72
04276 1467775 1.49€73 =2.1% 0,760 1.55025 0.03695 -3,69 3.400 1.53€33 0.00108 -3.72
0.278 1.67481 1.44405 -2,21 0.780 1454954 (0.C340€ -3.€¢ 3.450 1.53€627 0.00108 -3,.72
0.280  1.67197 1.39408 -2,27 0.800 1.54888 0.,0314€ -3.€9 3.500 1.53€22 0.00107 -3.72
0.282 1.66923 1,34€€2 -2.33 0.820 1.54828 0.02913 -3.78 3.550 1.5361€ 0.00107 -3.72
0.284 1,66653 1.30152 ~-2.39 0.840 1.54772 0402703 =3.70 3.600 1.53611 0400106 -3.72
0.286 1.66403 1.25862 <-2.44 0.860 1.54720 0.02513 -3.70 3.650 1.5360€ 0.00106 -3.72
04288 1.66155 1.21776 -2.49 0.880 1.54671 0.02340 -3.70 3.700 1.53600 0.00106 -3.72
0.290 1.65915 1.17883 -2,53 0.900 1.5462€ 0.02183 -3.70 3.750 1.53595 0.00106 =-3.72
0.292 1.65683 1.14170 =-2.58 0.920 1,5458% 0.02041 -3.707 3.800 1.53590 0.00186 =-3.72
0.294 1.65453 1.10625 <-2,6Z 0.940 1.54544F 0.01910 -3.71 3.850 1.53585 0.00106 =-3.72
04296 1.65241 1.07240 ~2.€€ 0.9€0 1.54507 0.01791 <=3,71 3.900 1.53579 0.00106 =-3.72
0.298 1.65030 1.04003 -2.69 0.980 1.54472 0.01682 -3.71 3.950 1.5357G4 0.00106 <~3.72
0.300 1.64825 1.80907 =-2.73 1.000 2.54450 0.01582 -3.71 4,000 1.5356% 0.00106 =-3.72
0.305 1.64338 0.93730 -2.81 14050 1.%54366 0.0813€4F -3.71 44050 1.53563 0.00106 =-3.72
0.310 41,6388 0.87271 ~2.88 1.100  1.54303 0.01186 =3.71 44100 1.53558 0.00107 =3.72
0.315 1.63465 N.R14LIA -2.QL 1.1860 1-?h2h_?_ n.04039 -2.72 L_aEQ 1.83863 e-el.ﬂ.dz_ -2.72
0.320 1.63071 0.7€146 -3.00 1,200 1.54198 0.0091% -3,72 4,208 1.53547 0400137 -3.72
0.325 1.62702 0.71237 -3.0% 1,250 1.54155 0.00817 <~3,72 44250 1.53542 0.00107 -3.72
0,330 1.62357 0.6€952 -3.0S 14300 1.%4147 0400724 -3.7Z 4,300 1.53537 0.00108 <-3.72
0.335 1.62032 0.62942 -3.13 14350 1.54083 0.00€43 -3,72 44350 1.53531 0.00108 =-3.71
0.340 1.61727 0.592€6 <~3.17 1.400 1.54052 0.00585 =3.72 4,400 1.5352€ 0.00109 -3.71
0.345 1.61439 D0.55888 -3.21 1,450 1.54024 0.00538 -3.72 4,450 1.53520 0.00103 -3.71
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'TABLE 45. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AND
TEMPERATURE DERIVATIVES FOR KBr AT 293 K (continued)*

- dT . by -dn/d\  dn/dT A . -@n/dx  dn/dT
L:n i d;.:n{g‘}\ 131-15/1(-‘ pm " pmt 10 K o ? pm-l 107 g
4,500 1.53515 0.00110 -3.71 94200 1.5281Z 0.002197 -3.65 18.800 1.49798 0.0044hF -3,23
44550 1.,53503 0.00110 ~-3.71 2,300 1.5279Z 0.00193 -3.€4 19.000 1.49703 0.00450 -3.22
4,600 1.53504 0.00411 ~3.71 94400 1.52772 0.00202 -3.€4 19.200 1.49€18 0.00458 =-3.20
4.650 1.53498 0.00111 =3.71 8.500 1.52751 0.00204 -3.€4 19.400 1.4952€ 0.004€2 =-3.139
44700 1.53493 0.00142 -3.71 9,600 1.52731 0.00206 -3.€4 19,608 1.43433 0.00468 =-3.17
4.750 1.%53487 0.00112  ~3.71 9.700 1.52717 0.00208 -3.€3 19.800 1.49335 0.00475 -3.15
44800 1.53482 0.00113 =3.71 9.800 1.52689 0.00211 -3.63 204000 1.49243 0.00481 -3.1%&
4,850 1.5347€ 0.0011% -3.71 9,900 1.52€68 0.00213 -3.63 204500 2.48993 0.00497 -3.09
4.900 1.53470 0.00114 -3.71 10.000 1.52€47 0.00215 -3.63 21.000  1.4874€ 0.0051% <~3.05
4,950  1.53464 0.08115 -3.71 10.200 - 1.52€03 0.00220 ~-3.€2 21.500 1.48485 0.00537 -3.07
5,000 1.53453 0.00118 ~-3.71 104408 1.52553 0.00224% ~3.€Z 22,000 1.4821T 0.00548 -2.95
5.100 1.53447 0.00117 -3.71 10.600 1.%52514 0.00229 -3.€1 224500 1.47937 0.00568 <~2.89
5.200 1.53435 0.00119 <3.71 10.800 1.52467 0.08233 -3.€1 23,000 1.47650 0.0058% -2.87
50300 1493423 0400128 =371 114000 152420 0400238 =-3460 234500 1447353 00060 <2477 .
54400 1.53411 0.08122 <-3.71 11,200 1452372 0.00243 ~-3.€0 244000 1.47047 0.00622 -2.71
£.500 1.53333 0.00123 - -3.7C 11.400 1.52323 0.00247 =3.53 244500 1.46732 0.00641 -~2.64
5.600 1.53386 0.00125 -3.78 11.600 1.52273 0.00252 -3.58 254000 1.4640€ 0.00662 ~2.57
£.700 1.53374  0.00127 =-3.70 11.800 1.52222 0.00257 =-3.58 25.500° 1.46070 0.00682 -=2.4%
5.800 1.53361 0.00128 -3.70 12.000 1.52171 0.00261 =357 264000 1.45723 0000704 ~2.41
54900 1.,53348  0.00230 -3.7( 124208 ° 1.52118 0.00266 =3.57 264500  1.4536€ 0.00726 -2.32
€.000 1.53335 0.00122  -3.7C 12.400 1.52064 0.C0271 -3.5€ - 27.000 1.44S38 0.00748 -2.23
€.100 1.53322 0.0013% -3.7C 12.600 1.52008 0.00276 ~-3.5% 27500 1.4461€ 0400772 <-2443
€.200 1.53308 0.00136 =-3.70 12.800 1.51954 0.00281 =3.55 284000 1.4422€ . 0.00796 ~2.03
€4300 1.53295 0.00137 -3.6S - 13.000 1.51297 0.00286 ~-3.54 28.500 1.43821 0.08821 -1.92
€.400 1.53281 0.00139 =3.6¢ 13.200 1.51840 0.00291 -3.83 29,008 1.4340%  0.00847 -1.81
€.500 1.53267  0.00441 ~-3.€2 13.400 1.51781 0.00295 ~-3.52 29.500 1.42974 0.00873 <~1.6%
€600 1.53253 0.00143 =3.63 134600 1451721 ©0.C00301 -~3.52 30000 1442531 0.00901 -1.5€
€.700 1.53238 0.00145 <~3.63 13,800 1.51€61 0.C0306 =-3.51 30.500 1.42073 0.00930 ~1.42
6.800 1.53224 0.00147 =3.69 144000 1.51599 0.C0311 -3.50 31.000° 1.41601 0.080959 -1.27
€.900 -1.53209 0.00149 =3.69 144200  1.51536 0.00316 ~3.49 31.5008 1.41116 0.00930 -1.12
7.000 1.53494 0.004€1 -3.6% 14,400 1.54473F . 0.00321  -3.48 32.000 41.406Ti 0.010227 -0.5%
7.100 1.53179 0.00153 -3.68 14,600 1.51408 0.00326 =3.47 32.500 1.40091 0.01055 <-0.73
7.200 1.53163. 0.00155- =3.6% 154800 1.512342 0.00331 -3.47 33.000 1.39555 0.01090 -0.€1
7.300 1.53148 0.001%7 -3.68 15,000 1.51275 0.00337  ~3.4€ 33.5080 1.39001 0.01126 ~-0.4%
74400 1.5313Z 0400159 -3.68 15.200 1.51208  0.00342 ~~3.45 34,008 1.3842%  0.011&3 ~0.27
7.500  1.5311F  0.001€1 <~3.€8 15,400 1.51435 0.00347 ~3.4% 34.500 1.37838 0.012F2  0.0]
7.600 1.53100 0.00163 -3.68 15.600 - 1.51069 0.{0352 -3.43 35.000 1.37227 0.01243 0.2
727000 1.53083 0.00165 -3.67 15,800 1.50S98 0.00358 ~3.42 35.500 1.3653% . 0.01286 D4
74800 1.53067 (0400167 -~3.67 = 164000 - 1.50926 0.002363 =341 36.000 1.35941 0.01331  0.73
74900 1.53050 0.0801€3 <~3.€7 164200 1.50852 0.00363 ~=3.4C 36.500° $.35264 0.01377 1.01
8,000 1.53033 0.00171 -3.67 164400 1.5077E8 0.0037% ~3.3% 37.000 1.345863 0.01427 . 1.30
8,100 1.53015 0.00174 =3.67 164600 1.50703 0.00380 -3.37. 37.500 1.33837 0.01478 ° 1.60
84200 1.52998 0.00476 <~3.67 - - 16.800 1.5062€ 0.00385 ~-3.3€ 38.000 1.33084 0.01533 . 1.93
"84300 1.52980  0.00178 ~-3.6€  17.000 1.50548 10.00291 -3.3F 38.500 1.32304 0.012530 2.28
8,400 1.52962 © 0.00180 -3.6E 17.200 1.50470 0.00397 -3.3% ° 39,000 1.3149% 0.01620  2.€5
8.500 1.52944 0.00182 <-3.66 17.400  1.50390 0.00402 <-3.33 39.500  1.30€53 0.01714  3.08%
8.600 1.5292€ 0.00184 <~3.66 17,600 - 1.50305 0.00408 -3.31 40.000 1.2977S 0.01782  3.4E
84700 1452907 0.00186 ~3.6€ 17.800 1.£50227 0.00414 -3.30 4045008 1.2887C 0.01854 3,91
8.800 1,52883 0.00189 -3.€% 18.000- 1.50143 0.00420 ~3.29 41.000  1.27924 0.01930  4.39
8.900 1.528780 0.001¢1 -3.6€% 18,200 1.5005% 0.00428 -3.27 41,500 1.26935 0.62012  4.S0
94000 1.52851 0.00193  -3.6% ©184400 -1.49S7T 0.€0432 -3.2E 4240008 1.25911 0.02099  5.45

9,100 1.52831 0.00135 -3.€5 180600  1.4988F 0400438 -3.2F

% In this table more decimal places are reported than warranted merely for the purpose of tabular smoothness and internal comparison.
For meaningful decimal places and uncertainties of tabulated values in various wavelength ranges, see the text of subsection 8.11.. The
number of digits with an overstrike are not relevant to accuracy of the data.
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TABLE 4%. COMPARISON OF DISPERSION EQUATIONS PROPOSED FOR KBr

3 Wavelength and Dispersion Equation
ource Temperature Ranges X inym;y inem™
Harting, H. [30] 0.213-1.083 ym  n=1.53472 + —0 00711
1943 293 K (% - 0.1229)1-5%
. 2 2
Radhakrishnan, T. (48] 0.214-10.02 ym  n?=1.4725+ 202040, 0.2674)
1948 298 K and 321 K A2 - (0.146)2 )% - (0.182)%
2
L 2.2847 )
A2 - (85.824)2
Stephens, R.E., 0.40-25. 14 ym n? = 2.361323 - 0.000311497 A2 - 0. 000000058613 )\*
Plyler, E.K., 295 K
Rodney, W.S., and , 0007676 _ 0.0156569
Spindler, R.J. [87] 22 A2 - 0.032¢
1953
June, K.R. [116]
1972
Spindier, R.J. and 0.40-0.71 ym 12 = 2. 3618102 - 0.00058072 \2 + —2: 02305269
Rodney, W.S. [96) 295 K A2 - 0.0245381
1952
dn/dT = -(31.742 + 13.21 }) x 10§
. 1- Ql.2
Handi, A., Claudel, J., 47-625 ym n-kf =g+ Tdmp ————————
Chanal, D., Strimer, P., 300 K Wi (1-Q2 + (5, Q)2
and Vergnet, P. {106] 1 11
1967 6 0 *
2nk = T dngy —— L ——
i (1-9% + (8, Q)
Present work 0.20-42.0 ym =1 20408 + 07922102, 0.01981 )2
1975 293 K A2 - (0.146)2 A% - (0.173)2

0.15587 3 . _0.17673 )2
- (0.187)2 )2 - (60.61)2

4o 2: 08217 )
X% - (87.72)2

*=1,2, Qi=v/vis vy = 118.9 em™, py = 165 em 15 63 = 0.052, §, = 0.23; py = 0.198, gy = 0.015;
€yy = 2-40, €g = 4.85.
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3.12. Potassium lodide, Ki.

Potassium iodide is valuable as prism material, but
it is too hygroscopic tbeing about twice as soluble in
water as potassium bromide) and too soft for field use.
Tt is also soluble in alcohol and in ammonia. Ingots 19 cm
in diameter are available. Although KI is one of the
softest rocksalt-structure alkali halides, not a suitable
optical material, its wide transparency, 0.25 to 50 um,
draws attention in crystal structure research. Funda-
.mental absorptions in the ultraviolet and infrared
regions, static and high-frequency dielectric constants
have been measured by a number of investigators, and
the results are listed in table 3.

Reasonable amounts of data on the refractive index
of KI are available in the open literature. By careful
examination of the availahle data we find that for the
transparent wavelength region the results of Gyulai [27]
and Harting [30] are -consistent (with temperature
effects considered) to the fourth decimal place in spite
of the fact that Gyulai quoted an accuracy of one unit
at the third decimal place. Korth’s values {100], although
-being reported to the fourth decimal place, are good
only to the third place. Bauer’s values appcar too low
to be considered as useful data because of his use of
thin films, and the unfavorable surface conditions of the
samples. Data reported by Sprockhoff [95] and Topsoe
and Christiansen [101] appear slightly too high at the
assumed temperature; they either observed at a con-
siderably lower temperature or used inadequate samples.

In the infrared region, 40 um and up, data were
leduced by analyzing the information on reflection and
ransmission spectra. Data are available from the
figures of Hadni, et al. [16], Edlridge, et al: [103], and
Berg, et al. [104]. They are not included in the data
analysis but are presented here for completeness.

Data measured by Gyulai, Harting, and Korth were
wdopted for our analysis. The selected data sets were
obtained at different temperatures: Gyulai’s measured
at 339 K, Harting’s at 293 K, and Korth’s. at 311 K.
Information on dn/dT is needed to carry out temperature
corrections on the selected data sets, but little is
available. '

Data on dn/dT were ‘given by Harting [30] and Korth
[100]. The values reported by Harting are for a wave-
ength region from 0.248 to 1.083 wm and a temperature
>f 293 K. Although this data set covers a sufficient wave-
length range for a curve fitting calculation, its un-
favorable scatter led to unreasonable values of the
adjustable parameters in eq (19). A single but reliable
value was given by Korth for the Hg green line at a mean
temperature of 337 K. As a consequence of the lack of

reasonable data, temperature -effect corrections to the -

available data on refractive index were never considered
in early survey works or in handbooks. In the present
work, however, this problem was solved by our empirical

discoveries by which the unknown parameters of eq

(19) for each of the alkali halides were predicted. This

enabled us to construct a dn/dT formula for'KI at 293 K

in the transparent region:
dn

= 2
2n aT 12.24(n2—1) 4+ 0.80+

4.785\*
(A2—0.04796)2

165.92A%

T v —9611.84)7

(45)

where dn/dT is in units of 10-3K~* and A in um.

In figure 43, the values calculated by eq (45) are:
compared with the experimental data. It appears that
our calculated values do not agree with those reported
by Harting. However, we have reasons to believe that
eq (45) predicts satisfactory dn/dT values for KI.

1. The figure shows that the curve of eq (45) is the
lower envelope of Harting’s data. If the uncertainties of
Harting’s measurements are the deviations of the points
from the averaged position, our predictions are con-
sidered to be in acceptable agreement with the Harting’s
values.

2. Although it has been observed in halidc crystals
that the absolute value of dn/dT increases with increas-
ing temperature, the variation is small in.a' fairly wide
range of temperatures. This is the basis of the second
expression of eq (4). It is clearly shown in figure 43 that
our predictions are located at a reasonable distance from
Korth’s data point, in view of the difference in
temperatures.

3. The predictions of the dn/dT formula for CsI based
on the empirical parameters of table 5 agree closely
with the data in the long wavelength region as discussed
in subsection 3.20. We assume that this is also the case
for KI.

.Based on the above discussions, eq (45) was confidently
- used to reduce the selected refractive index data to

293 K.

Ramachandran [17] attempted to construct dispersion
equations to fit the data provided by Gyulai and Korth,
respectively, and found two equations, one for wave:

- lengths from 0.206 to 0.615 pm at 339 K, and the other

for wavelengths from 4 to 29 um at 311 K, as shown in
table 54. Note that these equations do not include -the
contributions of absorption bands located at the other
end of the transparent region. This will lead to improper
extrapolations. It is our goal to work out a formula
which includes the effects due to the absorption bands
at both ends of the transparent region, and yields-the
refractive indices for the whole transparent region at a
chosen reference temperature, 293 K. Based: on the
information in tables 3 and 54, input parameters. for
least-squares fitting were obtained.” The result of the
fitting is a dispersion equation for KI at 293 K in the
transparent region, 0.25-50 pm. '

J. Phys. Chem. Ref. Data, Vol. 5, No. 2, .197¢
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n?=1.47285 For refractive index:
0.16512)2 4 0.41222)\? + 0.44163 )2
A—(0.129)% " \2—(0.175)% * A*— (0.187)2 Wavelength range Meaningful Estimated
L _016076X | 0.335710 | 1.92474) o 2(5“"6)35 dedmﬂ; place uncgf(‘)"ggty’ *
2 2 Tz — 2 T2 2° .zo— 0. .
A2—(0.219)2 " A\z2— (69.44)2 * A2— (98.04) 0.55-10.00 5 0.002
(46) 10.00-25.00 3 0.003
25.00-40.00 3 0.006
where A is.in units of pm. 40.00-50.00 3 0.009
Equations (45) and (46) were used to generate the
recommended values for n, dn/d\, and dn/dT. More For dn/dT:
decimal places are given than are needed, for tabular
smoothness. Readers are advised to use the- eriteria 0.25- 0.27 1 0.9
given below in order to insure the proper usage of the 0.27- 2.00 1 0.3
table of recommended values. 2.00-30.00 1 0.4
30.00-40.00 1 0.5
40.00-50.00 1 0.9
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REFRACTIVE INDEX OF: ALKALI HALIDES

TABLE 50. RECOMMENDED VALUES ON THE REFRACTIVE INDEX AND ITS WAVELENGTH AN.
TEMPERATURE DERIVATIVES FOR KI AT 293 K*

by a -dn/dx dn/dT A n -dn/dx dn/dT by n -dn/dx - dn/dT

uym um =t 10-8 K1 um =t 10-5 K- um pmn1 105 K-

0.250 2.04933 8.61024 12.21 0.550 1.67229 0.17742. =4.31 2,758 1.62962 0.001860 -4.43

0.252 2.03283 7.91020 10.41 0.560 1.€7057 0.1€683 =~4.33 2.800 1.6295h4 0.00155 -4.4F
0.254 2.04763 7.30303  8.8% 0.570 1.€6835 - 0.15684 <-4.33 2,856 1.6294€ 0.00150 -4.43
0.256 2.00357 €,771%57  7.5% 0580 1.€6743 0.14776 =4.34 2.900 1.6253€ 0400146 ~444<
0.258 1.99050 6.30286  6.48 0.520 1.€6539 0.13940 =4.35 20950 1.62931  0.00142 <-ho48

0.260 1.97832 5.8E588 5.52 0,600 1.€64E4  0.13167 -4.3E 3,000 1.62924 0400138 . -4.48
0.262 1496693 5.5134% 467 0.620  1.€6215 0.11789 =64.37 3.050 1.6291F 0.00135 -4.48

0,264 1.95624 5.17847  3.9% 8.640 1.€5991 0.10601 =4¢3F  ° 3.100 1.62911 0.00131 -443

0.266 1.94613 4.87576  3.28 0.660 1.€5730 0.09571 -4.39 34450 1.62904 0.00129 ~4.48

«268 1.93672 4.60098 2.7T " D.680 1.€5607 0.08673 =4.40 3.200 '1.62838 0.00126 <~4.48 -
2270 1.92777 4435052  2.4% 0.700 1.65442 0.07887 =441 3.250 1.6289Z2° 0400123 -4.48
o272 1.91930 4.12139 ' 1.73 04720 . 1465291 0.07194 =441 34300 1.62886 0.00121 <4448
Je274 1.91127 3.91106 1,31 0e740 1.€5154 0.06582 =~4ekZ 3.350 1.62880 0.00113 =448
0.276 1.9038% 3.7473%  0.93 0,760 3.€5028 0.06839 =4.4Z T 3.400  1.6287h 0.00117 =448
0.278 1,896L0° 3.52845  0.60 0.780 1.6491Z 0.05555 ~4.43 . 3.450 1.62868 0.00115 <-4.48 .
0.280 1.8894¢ 3.372fL  0.2¢ 04800 1.64805 0405122 ~4.43 3,500 1.62862 0.0011% -4.48
0.282 1.88230 3.21905 0.01 04820 1.64707 0.04734 ~bodh 3,550 1.62857 0.00112 =-4.48

0.284 1.87660 3.07€00 <-0.25 0.840 1,.64€15 0.04385 ~4.44 3.600 1.62851 0.00411 -u4.48
0.286 1.87059 2.942E3 -0.4% 0.860 1.€4531 0.04070 <~4.4% 3.650 1.6284€ £.001I0 -4.48

0,288 1.86483 2.8180% ~0.7C 0.880  1.64452 0.03785 ~4. 4t 3,700  1.6284C 0.00108 =4.48

0.290 1.85931 2.701L52 <0.91T 0.900 1.€4378 0.03526 ~hLe4S 3,750 1.€283E 0400107 <~4+48
0,292 1.85402 2.592C9 <-1.09 0.920 1.€4311 0.03291 <~4a45 3.800 1.6282€ 0.00107 =~b4.48
0.29% 1.84834 " 2.48%42 ~1.2€ 0.940 1.€42H8 0.03077 ~4.45 3.850  1.62824 0400106 ~-4.48
0.296 1.84405 2.3%285 -1.42 C0.9€0 . 1.€4188 0.02881 ~4.4E 3.900 1.6281C 0.00185 ~4.48

0.298 1.83936 2.30188 <-1.5€ 0.980 1.€4132 . 0.02782 =ho4E 3.950 1.62814 0.00404  =4.48

0.300 1.8348G 2.21€08 <-1.7T 1,000 1.64080 0.02537 <~4.4E 4,000 1.62808 0.0010h° ~4.48

0.305 1,82426 2.021€5 --2.00 1.050 1.€3962 0.02182 ~4.4E 4,050 1.62803 0.00183 ~4.48

0.310 1.81453 1.85185 -2.2€ 1.100 1.€3861 0.01831 ~4.47 4100 1.€2798 0.00403 <~4.48
0,315 1.80571 1.70288 =2.48 - 4.150 1.€3772 0.016E1 ~4.47 44150 1.€2793 0.00102 <448
8.320 1.79753 . 1.570%57 - ~2.E€ 14200 1.€3635 001450 <-4o47 4,208 1.6278€ 0.00102 -4.48

04325 -1.78938. 1.45221 ~2.83 1.250 1.€3€37 0.01282 ~4447 4,250 1.62783 D.004G2 ~4.48
04330 1.78298 1.34836 ~-2.97 1,300 1.€356€ 0.01139 ~bok7 44300 1.€277€ 0.00102 ~4o48.
04335 1.77648 1428427 ~=3.0% 14350 1.€3t512 0401018  <-4.43 44350 1.€62773 0.001031 =4.48"
0.340 1.77042 4.1€951 =3.21 1,400 1.€3464 0.00913 =4.48 4,400 1.62768 0.00101 -k 48

0.345  1.76477 1.0€287 ~3,30 1.450 1.€3421 0.00824 <-4.48 4,450 1,€2762 0.00101 ~4.48

0.350 1.75948 1.02333 . -3.3% . 14500 1463382 0.00746 ~4.48 4,500  1.62757 0400101 <-4.48
B.355 1.75452 0.9€004 ~=3.47 1,550 1.E334E 0.00678 <-4 48 4,550 1462752 000101 ~4.48
00360  1.74987 0.90226 -3.54 1.600 1.€3314 GC.00€18 =-G4Go48 4600 1.62747 0.001T1 <4448

0.365 1,76548 0.84937 <3.60 1.650 1.63284 0.0056€ <-4.4B 44650 1.62742 D0.0010% -4.48

8.370 1.74137 0.80084 <-3.6€ - 1,700 1,.€3257 D0.00520 -h.48 44700 1.62737 0400101 <~4.48

8.375 1.73748 0.75€20 =-3.71 1,758 1.€3232 0.00480 -448 44750 1.62732 D.00181 ~4e4B

0.380 1.73380 0.71504 =3.7€ 1.800 2.€3209 0400443 <~4.48 44800 1.62727 0400102 ~ho48

0.385 1.73032 0.67701 <~3.8f ~  1.850 1.€3188 0.00411 <-4.48 4,850 1.627Z2 0.00102 <4.48

0.390 1,72703 0.64181 =3.8% 14900 1.€3168 0.00382 ~-4.4d 40900 1.€2717 0400482 =447,
0.395  1.72390 ©0.60916 =3.88 . 4.98D 1.€3149 0.003B7 =4.48 5.950 1.€2742 0.001C02 -4.47.
0.400 1.72093 0.57882 -3.91 24000 1.€31T2 0.00334 -4.48 5.000 1.62707 0.00182 -4.47

0.410 1.74542 0.52427 =-3.97 24050 1.€311€ 0.00213 ~4.48 5.100 1.62696 0.00103 - ~4.47

D.420  1.71042 0.47672 =440Z - 24108 1.€3101 0.002%% ~-4.48 5,200 1.62€8€ 0.00104 <47

@«430 1.70587 0.43505 <~4.86 24150 1.€308€ 0.00277 -k.4S 5.300 1.6267€ 0.00105 <4.47

Deuhd 1.70171 0.3€832 -4od4l 2.200 1.€3073 0.00262 ~4.4% 5400 1.€2€65 0400105 <-4.47

0.450 1.,69789 0.3€581 =-4.17 2,250 1.€3060 . 0.00248 -u4.43 5.508 1.62€55 0.00106 <-4.47

0.460 1.,69438 0.323€30 4.1 24300 1.€3068 0.