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Abstract

In this work we present and discuss a new way of evaluating the » dependence
of the ionic polarizabilities particularly for anions from experimental dielectric
data. The Clausius Mossotti treatment is here applied to alkali halides, for
which high pressure experimental data are available for comparison. This
work requires computational support to analyze experimental data and give
the ionic information we propose. To accomplish this task, a computational
system which has been implemented in Maple V — a system for mathematical
computation — is presented, together with an analysis of the results.
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1 Introduction

Polarizabilities and dispersion coefficients for ions are important parameters in the theo-
retical description of the optical and mechanical properties of ionic solids. Polarizabilities
of ions occur in the theories of refractive index and dielectric constant of ionic crystals and
in the most widely used approximate theories of the dispersion contribution to the lattice
energy. They also provide a starting point for the description of collision-induced spectra
of ionic melts. It is therefore important to obtain reliable values for these quantities.

Refractive index can be a useful guide to the electronic structure of a crystalline solid,
since its volume depends on the distribution of polarizable matter within the lattice. In
an ionic solid there are strong interactions between component ions, but the polarizability
density may still be assigned to a sum of contributions from individual ions. The effective
polarizabilities of ions in crystals have been studied by ab initio methods[2, 3, 4] and
there is now a good understanding of the calculation of these quantities and the physical
factors that determine their values[5]. Anions in crystals have polarizabilities that are
significantly smaller than those of the isolated ions, and show a strong variation with
crystal; cations of rare gas electronic configurations are insensitive to environment and
have near-constant polarizabilities. Anions in crystals are smaller, less polarizable and
more strongly bound than their free counterparts; in particular, calculations of in-crystal
polarizabilities of small ions such as F~ , O™~ and CI~ show dramatic reductions arising
from electrostatic and overlap compression of the anion by its cationic neighbours[2, 3, 4],
which must be taken into account when modelling refractive indices or lattice energies.

As we have mentioned much progress have been made in the study of ion polarizabilities
of relatively simple crystals[6, 7, 8, 9, 11, 12, 13]. Future challenges are now

1. the study of crystals with polyatomic ions

2. the study of the volume and pressure dependence of ionic polarizabilities, related
to the volume and pressure dependence of dielectric constants, which are useful for
critical tests of the theory of dielectric polarization and interionic forces operative
in crystals

These two issues are treated in the present work, starting from the Clausius-Mossotti
treatment we propose different ways of obtaining information of ionic polarizabilities and
their volume and pressure dependence from experimental data, starting from relatively
simple crystals and extending the treatment when more complex ions are involved. This
work requires a strong computational support to analize experimental data and give the
ionic information we propose. To accomplish this task, a computational system, described
in some details, has been implemented in Maple V! — a system for mathematical compu-
tation.

This work is organized as follows: in Section 2 the Clausius-Mossoti treatment is described.
Section 3 presents the experimental data used to obtain information about ionic polar-
izabilities and their dependence. Section 4 provides some basic knowledge for using the
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Maple code that implements the computational system which is described in Section 5.
Section 6 shows the experimental results obtained and Section 7 presents our conclusions.

2 Clausius-Mossoti

lonic crystals: for these ions Nat | F~ CI~ Br~ I~ where NatCl~ for example is the
salt NaCl and

e oy refers for the cation polarizability of Na and

e o_ refers to the anion polarizability of F, Cl, Br and |
Clausius-Mossoti equation establishes the following
g=1 4no

= —— 1
e+2 3V (1)
where «a is the sum of the cation and anion polarizabilities, i.e.

a=o4 4o
and £ is the dielectric constant. The values

e £, the dielectric constant at frequency oo and

e £ static dielectric constant
are taken from experiments. For a given salt, we consider
V=C_r}
where

e rg interionic distance.

e (' constant with different values, for each of the four following structures

C Structure

2 fce (face-centered cubic)
ﬁﬁ bce

% fluorite

% Zn blende




In this work the two first structures — fcc and bece — will be considered.

Starting from the model included in the Clausius-Mossotti treatment, a symbolic com-
putational program has been developed to study a_ and its dependence with interionic
distance r, assuming a4 constant for a given ion in different salts and using experimental
data of dielectric constants. Values of da_/0r are obtained and compared with da/0r
obtained from experimental data of the volume dependence of dielectric constants. Values
for a_ and da_/0r are calculated for

1. fixed cation

2. fixed anion

It follows a description of the experimental data used in this work.

3 Experimental Data

Data on Tables 1 and 2 have been taken from the experimental data at Low Temperature
— LT - and Room Temperature — RT — described in [13] in the following way

e 7o (RT and LT) from Table 10.1 — pg. 115.

e £ and £, (RT and LT) from Table 10.3 - pg. 117

e X7 from Table 10.2 — pg. 116

e D, from Table 10.4 - pg.118

e D, from Table 10.5 — pg.119

e In Table 1 some data was not available at L'T. In some cases — data in italic — that
missing data has been substituted by data at RT



3.1 Low Temperature

Struct. Salt ag a_ ro €0 0o X7 D, | Dy
1072%em® | 1072 ecm® | 10~ %cm 10~ 2cm2dyn™!

fcc Li 0.030

C=2 LiF 0.89 1.996 8.50 | 1.93 1.43 - -
LiCl 2.94 2.539 | 10.83 | 2.79 3.20 - -
LiBr 4.13 2.713 | 11.95 | 3.22 4.20 - -
Lil 6.19 2.951 | 15.28 | 3.89 5.7803 - -
Na 0.147
NaF 1.02 2.295 4.73 | 1.75 1.99 - -
NaCl 3.14 2.789 5.43 | 2.35 3.98 - -
NaBr 4.28 2.954 5.78 | 2.64 4.70 - -
Nal 6.35 3.194 6.62 | 3.08 6.45 - -
K 0.81
KF 1.20 2.648 5.11 | 1.86 3.10 - -
KCl 3.36 3.116 4.49 | 2.20 5.26 - -
KBr 4.54 3.262 4.52 | 2.39 6.17 - -
KI 6.66 3.489 4.66 | 2.68 7.75 - -
Rb 1.35
RbF 1.18 2.789 5.99 | 1.94 3.81 - -
RbCl 3.45 3.259 4.53 | 2.20 6.40 - -
RbBr 4.58 3.410 4.51 | 2.36 7.69 - -
Rbl 6.80 3.628 4.55 | 2.61 9.48 - -
Cs 2.34
CsF 1.27 2.9827 727 | 247 4.25 - -

bce Cs 2.34

C= %5 CsCl 3.55 3.5150 6.68 | 2.67 4.5387 - -
CsBr 166 | 3.6645 | 6.38 | 2.83 54476 | - | -
Csl 6.81 | 3.9018 | 6.29 | 3.09 6.9396 | - | -

Table 1: Experimental Data at Low Temperatures




3.2 Room Temperature

Struct. Salt, ay a_ ro €0 €0 Xr Dy D>
107em® | 107 em® | 107 %em 10~ 2em2dyn™!

fcc Li 0.030

C=2 LiF 0.89 2.0132 9.032 | 1.93 1.54 | 23.0 | 3.82
LiCl 2.94 2.5698 | 11.989 | 2.75 3.41 | 30.4 | 8.62
LiBr 1.13 2.7498 | 13.295 | 3.16 4.20 | 40.4 | 13.0
Lil 6.19 3.0003 | 16.904 | 3.80 5.7803 - -
Na 0.147
NaF 1.02 2.3173 5.094 | 1.74 211 | 125 | 5.37
NaCl 3.14 2.8203 | 5.9165 | 2.33 4.26 | 13.0 | 9.25
NaBr 4.28 2.9871 6.298 | 2.60 5.03 | 149 | 11.9
Nal 6.35 3.2372 7.304 | 3.01 7.07 | 16.6 | 15.1
K 0.81
KF i 1.20 2.6735 5.514 | 1.85 3.30 | 12.8 | 7.63
KCl 3.36 3.1467 4.853 | 2.17 5.63 | 8.45 | 10.2
KBr 4.54 3.2999 4.914 | 2.36 6.70 | 8.35 | 11.6
KI 6.66 3.5331 5.115 | 2.65 8.54 | 8.16 | 13.8
Rb 1.35
RbF 1.18 2.8203 6.497 | 1.93 3.81 | 14.5 | 8.47
RbCl 3.45 3.2986 4.934 | 2.18 6.40 | 7.79 | 10.2
RbBr 4.58 3.4482 4.884 | 2.34 7.69 | 7.46 | 11.7
Rbl 6.80 3.6711 4,955 | 2.58 9.48 | 6.94 | 134
Cs 2.34
CsF 1.27 3.0400 8.108 | 2.16 4.25 - -

bcc Cs 2.34

C= WBS CsCl 3.55 3.559 7.000 | 2.62 5.4745 | 15.8 -
CsBr 4.66 3.712 6.680 | 2.78 6.4212 | 14.7 -
Csl 6.81 3.861 6.600 | 2.96 7.9979 | 11.4 -

Table 2: Experimental Data at Room Temperatures

4 Introduction to Maple V

Maple V is a Symbolic Computational System or Computer Algebra System which first
appeared commercially in 1995. Today, Maple V is one of the most powerfull and reliable
systems currently available for doing mathematics by computer. Maple V is accurate,
expandable and interactive; this interaction makes it easier to test and correct programs.
Maple V is available for nearly every operating system available, including Macintosh, MS
Windows, MS DOS, UNIX, VMS, NeXT, Ultrix, and UNICOS.

Maple V can perform symbolic and numeric mathematics, generate two- and three-dimen-
tional graphics and animations, display output using standard mathematical notation,
and provide a high-level programming language similar to Pascal. Unlike traditional pro-
gramming languages, the Maple language contains many powerful commands which allow
to perform complicated tasks with a single command. It comes with a large library of
prewritten routines, including graphical display primitives. Maple has a wide range of
commands for generating both two- and three- dimensional plots. In this work two- di-
mensional plots are used based on the many specialized graphics routines found in the
plot package. The input to these commands is typically one or more Maple formulae,



operations or functions, along with information about domains and possibly ranges. In all
cases, the graphics commands allow for the setting of options, specifying such attributes
as coloring, shading, or axes style.

Maple V’s extensive mathematical funcionality is easily accessed through its advanced
worksheet-based graphical interface. The worksheet is an integrated environment in which
the user interactively solves problems and documents his/her work. Worksheets contain
not only text and conventional document-processing information, but live mathematical
commands and their automatically generated results. They also provide easy ways to
change the sequence of commands and to re-execute them. Since Maple V worksheets
share a common format, they can be taken from one platform to another. In this work
Maple V-Release 3 for MS Windows is used.

The aim of this section is to provide basic knowledge for proficiently using the Maple code
that implements the computational system described in this work. The user interface for
this system is based on the concept of worksheets. The four types of regions that can be
included in a worksheet are input, output, text, and graphics. The user cannot physically
manipulate output or graphics regions but can edit text and input regions.

In addition to having individual regions, Maple V for Windows worksheets also have region
groups. A region group may consist of input regions, any related output regions, and any
adjacent text region. The system implemented makes extensive use of region groups to
execute logical units. To see where the Region Groups are, the user can turn on Separators
Lines in the View menu. Placing the cursor anywhere within an input region of a region
group and pressing Enter or double-click on the left mouse button, the user automatically
re-executes all the input lines in that region group. This is useful when recalculating a
worksheet.

The worksheet-based user interface also allows to recalculate an entire Maple worksheet
by selecting Execute Worksheet from the Format menu. All Maple input will be executed,
and the output areas updated. The prompt character > indicates that Maple is waiting
for input. A command is followed immediately by its result. If a command is completed

K1)

with a “” then Maple echoes the result. If completed with a “:” the result is not echoed.

Plots are created, named and manipulated much like any other algebraic object in Maple
V, but are displayed in a separate window. These windows can be moved about the screen,
resized, and closed in standard Windows fashion. Resizing a plot window redraws the plot
to fill the new window size. Multiple plot windows can be opened concurrently or closed
at any time. If a plot window has been closed, the plot can be redisplayed either by
referring to the plot object by name or by re-entering the appropriate plot command from
the worksheet.

5 Implementation

The computational system implemented to obtain information of ionic polarizabilities and
their volume and pressure dependence from experimental data, based in the Clausius-
Mossoti treatment, is here described in some details. First of all the data structure used



to represent the experimental data is discussed.

5.1 Data Structure

Maple has many available data structures, such as expression sequences, lists, sets, arrays
and tables. A table is an extension of the concept of the array data structure. The
difference between an array and a table is that a table can have anything for indices, not
just integers.

In this work, the experimental data in Tables 1 and 2 pg 4, are defined using Maple V
table data structure. A table named fcc_LT represents the low temperature data shown
in Table 1 while data from Table 2 is represented by a similar table named fcc_RT. To
ilustrate, table fcc_LT is shown bellow.

# Experimental Data at Low Temperatures —--- fcc C = 2

# Structure defined is such that the first index refers to cations’

# alfa_plus, the 2nd index refers to a list of 7 elements related with
# the salt (-1 indicates that this information does not exist) where:
# 1 -> alfa_minus,2 -> r,3 -> Ep_0,4 -> Ep_inf,5 ->Xt,6 -> D1,7 -> D2

VVVV V

fcc_LT :=table([Li=0.030,
LiF=[0.89, 1.996, 8.50, 1.93, 1.43, -1, -1],
LiC1=[2.94,2.539, 10.83, 2.79, 3.20, -1, -1],
LiBr=[4.13, 2.713, 11.95, 3.22, 4.20, -1, -1],
LiI= [6.19, 2.951, 15.28, 3.89, 5.7803, -1, -1],
Na=0.147,
NaF=[1.02, 2.295, 4.73, 1.75, 1.99, -1, -1],
NaCl=[3.14, 2.789,5.43, 2.35, 3.98, -1, -1],
NaBr=[4.28, 2.954, 5.78, 2.64, 4.70, -1, -1],
NaI=[6.35, 3.194, 6.62, 3.08, 6.45, -1, -1],
K=0.81,
KF=[1.20, 2.648, 5.11, 1.86, 3.10, -1, -1],
KCc1=[3.36, 3.116, 4.49, 2.20, 65.26, -1, -1 ],
KBr=[4.54, 3.262, 4.52, 2.39, 6.17, -1, -1],
KI=[6.66, 3.489, 4.66, 2.68, 7.75, -1, -1],
Rb=1.35,
RbF=[1.18, 2.789, 5.99, 1.94, 3.81, -1, -1 1],
RbC1=[3.45,3.259, 4.63, 2.20, 6.40, -1, -1],
RbBr=[4.58, 3.410, 4.51, 2.36, 7.69, -1, -1],
RbI=[6.80, 3.628, 4.55, 2.61, 9.48, -1, -1] ,
Cs=2.34,
CsF=[1.27, 2.9827, 7.27, 2.17, 4.26, -1, -1],

# C=8/(3*sqrt(3)) for three cases bellow
CsCl1=[3.55, 3.5150, 6.68, 2.67, 4.5387, -1, -1],
CsBr=[4.66, 3.6645, 6.38, 2.83, 5.4476, -1, -1],
CcsI=[6.81, 3.9018, 6.29, 3.09, 6.9396, -1, -1]1]1):

vV V V V V V VVV VYV VVVVVVV VYV VYV VVVYV
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