528

hydroxy 1-5 naphtoquinone, conduit & envisager le
cas ol des forces de liaison intermoléculaire, méme
trés faibles, mises en jeu dans le cristal, suffisent pour
déformer la molécule. On peut ainsi prévoir que, si
les différences d'énergie entre plusieurs configurations
possibles d’une molécule sont de l'ordre des énergies
de liaison intermoléculaire, la molécule tendra vers la
configuration de plus haute symétrie pour former
I’édifice cristallin le plus compact.

Ce travail a été effectué en grande partie & I'LR.
CH.A., dans le laboratoire de Monsieur J. Mering.
L’auteur est particuliérement reconnaissant i Made-
moiselle C. Stora, directeur du Laboratoire de Chimie
Cristallographique, d’avoir mis & sa disposition le
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STRUCTURE DE LA FORME C DE LA NAPHTAZARINE

photosommateur de von Eller, et les crédits nécessaires
au raffinement de la structure.
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Thermal Expansion of Magnesium Fluoride
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A precision determination of the lattice constants of magnesium fluoride, in the temperature range
30 to 640 °C., has been made, using a Unicam 19 em. high-temperature powder camera and Cohen’s
analytical method. From these data, the coefficients of thermal expansion, a and x; have been
evaluated by a graphical method. Both the coefficients are found to show a parabolic variation with

temperature.

Introduction

The thermal expansion of magnesium fluoride was
studied by Klemm (1928) and Duncanson & Stevenson
(1958) by the dilatometer method. No X-ray study of
the thermal expansion of this substance seems to have
been made so far. Though many investigators deter-
mined its cell constants, the accuracy of the values
is not high. Hence, it is thought desirable to determine
accurately the cell constants of magnesium fluoride
at various temperatures and study the thermal ex-
pansion.

Experimental

The powder photographs at temperatures, ranging
from 30 to 640 °C., were taken by a Unicam 19 em.
high-temperature powder camera, using Cu K« radia-
tion from a Raymax 60 diffraction unit. To get sharp
lines in the high-angle region, it was found necessary
to pre-heat the powder to 900 °C. Temperature control
to within 1 °C. was obtained with the use of a voltage
stabiliser and a variac. Aluminium was used as a
standard to estimate the specimen temperature. Fig. 1

shows the powder photographs of magnesium fluoride
at various temperatures.
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Fig. 1. Powder photographs of MgF, at various temperatures.
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Evaluation of the cell constants

Eleven diffraction lines with Bragg angles ranging
from 57° to 82° have been used to evaluate the cell
constants applying Cohen’s (1935) analytical method.
The error equation, employed in these calculations,
applicable to crystals of tetragonal system to which
magnesium fluoride belongs, is

sin? 0;=Awx;+Cy;+Dd; (1)
where
i = (h2+ k%),
ye =1,
8; = 10 sin2 20;,
A4 = 2?/4a?,
C = A2/4c?,

and D is the drift constant which takes care of the
total systematic error involved in the determination.
The cell constants at various temperatures are given
in Table 1 and plotted in Figs. 2 and 3.

Table 1. Cell constants of MgF2 at various

temperatures
Temperature a c
30 °C. 4-6218 A 3-0534 A
158 4-6275 30590
218 4-6308 3-0617
307 4-6355 3-0663
342 4-6375 3-0677
433 4-6430 3-0728
537 4-6505 3-0791
550 4-6515 3-0806
640 4-6587 3-0858

In evaluating the cell constants, independent
measurements and calculations have been made by
each of us and the deviations of the individual values
from the mean have always been found to be less than
+0-0001 A and +0-0002 for a and ¢ respectively.
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As the error due to refraction is much smaller than
the experimental errors, refraction corrections were

not applied. The cell constants at room temperature
obtained in the present investigation, together with
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those reported by Baur (1956) and Duncanson &
Stevenson (1958) are given in Table 2. All the values
are reduced to 18 °C., using the coefficients of thermal
expansion obtained by us.

Table 2. Cell constants of MgF2 at room temperature

a (18 °C.) c (18 °C.)
Duncanson &

Stevenson 4-621 +0-001 A 3:050 +0-001 A
Baur 4-625 +0-002 3:052 +0-003
Authors 4-6213 4 0-0001 3:0519 4 0-0002

Coefficients of thermal expansion

A graphical method was used to evaluate the co-
efficients of thermal expansion at various temper-
atures. From a large scale graph drawn between the
temperature and the cell constants given in Table 1,
the change in the lattice constant @ or ¢ is read for
40° (A4t) temperature intervals. Then «; and «, were
evaluated using equations (2) and (3) respectively.
The accuracy of the values, as estimated by the
consistency of separate determinations, is of the order
of 3%.

o, = (1/aso).(da/At) . 2)
Xy = (1/030).(A0/At) . (3)
Table 3. «,, o and c/a at different temperatures
oy x 108 oy x 108

Temperature  obs.  calec. obs.  calc. cla
50 °C. 9-6 9-6 13-7 13-8 0-66069
90 10-0 9-9 14-2 14-1 0-66080
130 10-2 10-3 14-5 14-5 0:66092
170 10-5 10-7 15-1 15-0 0-66102
210 11-1 11-1 155 15-4 0-66115
250 11-8 11-6 159 15-9 0:66126
290 121 12-1 16-5 16-4 0-66137
330 12-6 12-7 17-0 17-0 0-66149
370 13-2 13-2 17-5 17-6 0-66160
410 13-7 13-8 180 18:2 0:66172
450 14-7 14-5 19-0 189 0-66183
490 15-3 15-2 19-6 19-6 0-66194
530 15-9 159 20-1 20-3 0-66206
570 16-6 16-7 21-1 21-1 0-66217
610 17:5 17-4 22-0 219 0-66229
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&,, oy and c/a at various temperatures are given in
Table 3 and plotted in Figs. 4, 5 and 6. Both «, and
«y are found to show a parabolic variation with

OF MAGNESIUM FLUORIDE

temperature. Equations (4) and (5) are obtained for
the two coefficients by the usual methods.

xy = 9-213 x 10-5+6:805 x 10-9% + 1-097 x 10-11£2, (4)
oy =18-390 x 10-8+7-416 x 109 +1-072 x 10-11¢2, (5)

Discussion

The values of x, and «, at 20 °C., from equations
(4) and (5), are slightly higher than those reported
by Duncanson & Stevenson (1958). The coefficient
of cubical expansion i.e. (2, + ;) at 20 °C. is found
to be 32-4 x 10-%deg."1, in good agreement with the
value 32-0 obtained by Klemm (1928) by the dilatom-
eter method.
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Fig. 7. Unit cell of MgF, showing the chains of
-F-Mg-F-F-Mg-F-.

The ecrystal structure of magnesium fluoride is
usually described in terms of an ionic model based on
ions of Mg2+ and F-. Each magnesium ion is sur-
rounded by six fluorine ions, situated at the corners
of a distorted octahedron; the fluorine ion is sur-
rounded by three magnesium ions at the corners of
an equilateral triangle (Fig.7). Alternatively, the
crystal structure may be visualized as chains of ions
~F-Mg-F-F-Mg-F- in parallel layers normal to the
c-axis. It is well known that, for layer structures,
the thermal expansion normal to the layers is very
large when compared to the expansion along the layers.
In the case of magnesium fluoride, since the forces
between the adjacent layers are Coulomb forces and
are therefore not weak as in layer structures the
coefficient of expansion normal to the layers is only
slightly greater than the coefficient of expansion
along the layers.
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