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hydroxy 1-5 naphtoquinone, conduit ~ envisager le 
cas off des forces de liaison intermol~culaire, m~me 
tr~s faibles, mises en jeu clans le cristal, suffisent pour 
d~former la mol6cule. On peut ainsi pr~voir que, si 
les diff6rences d'~nergie entre plusieurs configurations 
possibles d'une molecule sont de l'ordre des ~nergies 
de liaison intermol~culaire, la molecule tendra vers la 
configuration de plus haute sym~trie pour former 
l'~difice cristallin le plus compact. 

Ce travail a ~td effectu~ en grande partie £ I'I.R. 
CH.A., dans le laboratoire de Monsieur J. Mering. 
L'auteur est particuli~rement reconnaissant £ Made- 
moiselle C. Stora, directeur du Laboratoire de Chimie 
Cristallographique, d'avoir mis ~ sa disposition le 

photosommateur de von Eller, et les credits n~cessaires 
au raffinement de la structure. 
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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 cm. high-temperature powder camera and Cohen's 
analytical method. From these data, the coefficients of thermal expansion, art and a£ have been 
evaluated by a graphical method. Both the coefficients are found to show a parabolic variation with 
temperature. 

Introduct ion 

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. 

E x p e r i m e n t a l  

The powder photographs at temperatures, ranging 
from 30 to 640 °C., were taken by a Unicam 19 cm. 
high-temperature powder camera, using Cu K s  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. 

-g 
e ~  ¢"4 

I A A A A * l .~ 

80oc 

158 °C 

218°C 

342 °C 

/~33 °C 

537 °C 

Fig. 1. Powder  photographs  of MgF 2 at  various temperatures .  



Evaluat ion  of the cell  constants  

E l e v e n  d i f f rac t ion  l ines  w i t h  Bragg  angles  r a n g i n g  3"0900 

f rom 57 ° to  82 ° h a v e  been used  to  eva lua t e  t h e  cell 
c o n s t a n t s  a p p l y i n g  Cohen ' s  (1935) a n a l y t i c a l  me thod .  3.o8oo 
T h e  error  equa t ion ,  e m p l o y e d  in  these  ca lcula t ions ,  
app l i cab le  to  c rys ta l s  of t e t r a g o n a l  s y s t e m  to  wh ich  
m a g n e s i u m  f luor ide belongs,  is 3.0700 

(1) 

3"050( 

4"6600 

where  3.0600 

~ = ( h 2 + k ~ ) ~ ,  
~/t -~- l~, 
(5~ = 10 s in  2 20~, 
A = 2~'/4a ~', 
C = 2~'/4e% 

a n d  D is t he  dr i f t  c o n s t a n t  wh ich  t akes  care of t he  
t o t a l  s y s t e m a t i c  error  i nvo lved  in  t h e  d e t e r m i n a t i o n .  
The  cell cons t an t s  a t  va r ious  t e m p e r a t u r e s  are g iven  
in  Tab le  1 a n d  p l o t t e d  in  Figs.  2 a n d  3. 
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Fig. 3. Variation of c with temperature. 
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those  r epo r t ed  b y  B a u r  (1956) a n d  D u n c a n s o n  & 
S tevenson  (1958) are  g iven  in  Tab le  2. All  t he  va lues  
are r educed  to  18 °C., us ing  the  coefficients of t h e r m a l  
expans ion  o b t a i n e d  b y  us. 

Tab le  1. Cell constants of  MgF9 at various 
temperatures 

Temperature a c 
30 °C. 4.6218 A 3.0534 A 

158 4.6275 3.0590 
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 

I n  e v a l u a t i n g  the  cell c o n s t a n t s ,  i n d e p e n d e n t  
m e a s u r e m e n t s  a n d  ca lcu la t ions  h a v e  been  m a d e  b y  
each  of us  a n d  the  dev ia t ions  of t he  i nd iv idua l  va lues  
f rom the  m e a n  have  a lways  been  found  to be less t h a n  
_+0.0001 J( a n d  _+0.0002 for a a n d  c respec t ive ly .  

200 400 600 
Temperature (°C) 

4"6500 

4"6400 

4"6300 

4"6200 
0 

K .  V.  K R I S H N A  R A O ,  S. V.  N A G E N D E R  N A I D U  A N D  P .  L.  N .  S E T T Y  529 

Fig. 2. Variation of a with temperature. 

As the  error  due  to  re f rac t ion  is m u c h  smal ler  t h a n  
t h e  e x p e r i m e n t a l  errors,  r e f r ac t ion  correct ions were 
n o t  appl ied .  T h e  cell cons t an t s  a t  r oom t e m p e r a t u r e  
o b t a i n e d  in  t he  p resen t  inves t iga t ion ,  t oge the r  w i t h  

Tab le  2. Cell constants of MgFe 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 _+ 0-0001 3.0519 _+ 0.0002 

Coefficients of t h e r m a l  expans ion  

A graph ica l  m e t h o d  was  used  to  e v a l u a t e  t h e  co- 
eff icients  of t h e r m a l  e x p a n s i o n  a t  va r ious  t emper -  
a tures .  F r o m  a large scale g r a p h  d r a w n  be tween  the  
t e m p e r a t u r e  a n d  t h e  cell cons t an t s  g iven  in  Table  1, 
t he  change  in  t he  l a t t i ce  c o n s t a n t  a or c is r ead  for 
40 ° (At) t e m p e r a t u r e  in te rva l s .  T h e n  a I a n d  aH were 
e v a l u a t e d  us ing  equa t ions  (2) a n d  (3) respec t ive ly .  
The  a c c u r a c y  of t h e  va lues ,  as e s t i m a t e d  b y  t h e  
cons i s t ency  of sepa ra te  de t e rmina t i ons ,  is of t he  order  
of 3%.  

a± = (1/aso).(/la/At). (2) 

~. = (1/cso).(Ac/At). (3) 

Tab le  3. a . ,  oqt and c/a at different temperatures 

a± x 106 all × 10  6 

Temperature obs. eale. obs. calc. c/a 

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 15.5 15.4 0.66115 
250 11.8 11.6 15.9 15-9 0.66126 
290 12.1 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 18.0 18.2 0.66172 
450 14-7 14.5 19.0 18.9 0.66183 
490 15.3 15-2 19.6 19.6 0.66194 
530 15.9 15.9 20.1 20-3 0.66206 
570 16.6 16.7 21.1 21.1 0.66217 
610 17.5 17.4 22.0 21.9 0.66229 
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Fig.  4. V a r i a t i o n  of _n± w i t h  t e m p e r a t u r e .  
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Fig.  5. V a r i a t i o n  of ~Xll w i t h  t e m p e r a t u r e .  
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Fig .  6. V a r i a t i o n  of c/a w i t h  t e m p e r a t u r e .  

~±, c% and c/a at various temperatures are given in 
Table 3 and plotted in Figs. 4, 5 and 6. Both a± and 
c~n are found to show a parabolic variation with 

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

c¢±= 9.213 × 10-6+6.805 x 10-gt+ 1"097 x 10-nt 2. (4) 

a ,  = 13-390 x 10-6+7.416 x 10-gt+ 1.072 × 10-nt 2. (5) 

D i s c u s s i o n  

The values of ~± 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. (2c~±+ ~H) at 20 °C. is found 
to be 32.4 x 10 -6 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. U n i t  cell of M g F  2 s h o w i n g  t h e  cha in s  of  
- F - M g - F - F - M g - F - .  

The crystal structure of magnesium fluoride is 
usually described in terms of an ionic model based on 
ions of Mg e+ 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 - M g - F - F - M g - F -  in parallel layers normal to the 
c-axis. I t  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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