31

THERMAL EXPANSION OF SOME ALKALI FLUORIDES
AND MAGNESIUM OXIDE BY X-RAY DIFFRACTION
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ABSTRACT  In tlus papor lugh temporature X-ray data on the thermal expansion
of Lult, NaI* and MgO we reported tor the finst tune.  "The results ure compared with tho mac-
1oscopic obkervations wherevor avaluble.  Tho rolo of lattice defects 15 exammnoed and tho

applicallity  of  Debye-Gruneion oquution to eaplun the observed varmation of thermal
eapunsion with tomperalwro 18 diseussed.

ILNTRODUCTION

The coefficient of thermal expansion a of almost all 1onie crystals increases
with temperature,  Lawson (1950) assumed that a should be constant, for a perfect
crystal lattice und deduced that in such a crystal defects do pluy a part und contri-
bute to the thermal expansion,  He succeeded in proving his point in the case of
silver hromude hut not for silver chloride. Tt was pointed out in our previous
commumcation (Pathak and Pandya, 1960 (b)) that in the cuse of 1ome orystals
Schottky defects shall predonunate and that if defects did contribute to the thermal
oxpansion of a crystal, tho value of a doternuned by macroscopic methods should
be groater than that moasured by the X-ray method. On searching the hterature
it was found (hat the Jugh temperatue Xray data for the salts examined in the
pPresent. expernmments wero not avalable.

Tathuum fluorxde has heen stuched by Adenstedt (1936) in the low temperature
region upto about -=225°C.. 1t has also been studied by Kucken and Dannchl
(1934) Ly then heterodyne beat method and by Shurma (1950) by an interfero-
metric method.

Sodium fluoride las heen investigated at low temperatures by Henglein
(1925) by the pyknomcter mothod. Room temperature values are quoted by
Megaw (1939) and Wooster (1949). 1t hus boon recently investysated upto 254°C
by Deshpande (1961)

The thermal expansion of magnosum oxide was studiod by Fizeau (1867),
Goodwn and Mailey (1909) from 120°C to 270°C and Merrit (1926). It hus been
systematically examined by optical or mterferometric methods by Thienius and
. Holzmunn (1930) upto 1200°C, Austin (1931) upto 800°C, Durand (1936) upto
85°C and Sharma (1950) upto about 700°C. No systematic high temperature
X.ray data on this salt ave available in the hterature.
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The observations m the present work were taken by employing a diffracto-
meter, Goiger counler and a ratemetor. The diffractometer had a diameter of
500 mm. and was calibrated m degroes (20, cach degree divided into four parts).
The position of the Geiger counter could he vead upto one minute of are and by
estimation upto } nupute. The error mn the measurement of the cell constant

a, % astimated to be less than -]-0.002,

OBSERVATIONS AND RESULTS

The same small furnace (Pathak and Pandya, 1959) was used in this work
wlich was employed in the carlier measurements on NuCl (Pathak and Pandya,
1959), CsI (Pathuk and Pandya, 1960a) and KBr, KL and CsBr (Pauthak and
Pandya, 1960b).  The results of the present measuroments ate shown m Figs. 1
2, 3 and Table I.
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The cquations satisfymg the smooth curves drawn from the observed pomts
are given helow :

LiF - o, = 4.01024-1.312 < 10-%-]-9.160 X 10782
NaF - a; — 4.614 -1 462X 10-4-1-5 595 X 104
MgO - @ == 4 20154 4,625 X 10-%-| 1.302 x 10-82
The coefficient of expansion o was caleulated from the equation o = 1 Z’;‘ .
“1

The comparison of our results with those of others 1s shown in Tubles T1, I1I and 1V.

TABLE 1
LiF Nuk MgO
’};;n;mtum T 'I‘:ampemtuw ’ ’ITL;r;p‘nmLmu
dogroo C o X108 dogroo C o x 100 degreo C o« X 100

30 341 30 32.2 27 11.2
72 35.9 72 33.1 208 12.3
160 39.4 116 34.2 380 136
187 41 0 196 36.9 662 14.6
242 43.3 288 38.1 691 16.4
301 45.9 351 39.5 788 16.0

307 48.7 400 40 6

467 421

520 43.2
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TABLE 1J
Lithium fluoride
, . o x 108
dog‘ree cm'e Authors Sharma Eucken and
Daunohl
0 32 7 33.8 32 2
30 34.1 34.4 33.4
72 35.9 3506 356.2
150 39.4 379 38.4
187 41 0 3R9 40,0
242 43.3 41.6 42 2
301 456.9 44 4 44 6
367 48 7 47.8 47 4
TABLE II1
Sodium fluoride
. . @x 100
perature
degree C Doshpande Authors

30 34 0 32.2

72 35.2 331

116 36 5 34.2

196 38.8 35.9

288 41 5 38 1

DISCUSSION OF THE RESULTS

X-ray data on LiF at high temperatures are not avalable and hence it is
not possible to compare our results with those of other workers. Tn Table IT,
however, comparison with the macroscopic data of Sharma (1950) and those of
Eucken and Dannohl (1934) is shown and 1t is seon thal the agreement is fairly
good.

Our results on NaF are compared with the X-ray data of Deshpande (1961)
in Table III. Our results are slightly lower. OQur a at 0°C viz. 31.5X10~° may
also be compared with that of Henglein between —79°C and 0°C viz, 33.0x10-8.

Comparison of our X-ray data on MgO with the macroscopic observations of
othor workers is shown in Table 1V. Our results agree excellently well with
thoso of Shurma (1950). They also agroe fuirly well with those of Thilenius and
Holzmann (1930). Austin’s (1931) results are too erratic in the low tempera-

- ~== with onr results at high temperatures,
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TABLE IV

Magnesium oxido

@ X 100
Tomperature
degree Literature Sharmna Authors
40 10.41 11.2 11.3
120-270 12,1 12.2 12 3
25-800 13.4% 137 136
63.7 11.2¢ 11.4 11.4
153 11 9 119 12 0
246.3 J2.81¢ 12 6 12.6
348.2 13 81 13.1 1.2
448.4 14 14 13.8 139
546.1 14.¢¢ 145 14.5
645.8 12 28 16.2 15 2
746.6 15.71 16.0 15.8
20-55 6.7% 112 113
20-100 9.1» 13 11 4
20-150 10.4% 115 116
20-200 10 95 1n.s 17
20-300 11 6 12 0 12 0
20-400 12,10 123 12.4
20-600 13.0% 13 0 130
20-800 13.6¢ 13.7 13.6

1 Fizeau (1867)

2 Goodwin and Maley (1909)

3 Merritt (1926)

4 Thilomus and Holzmann (1930)
b Austin (1931)

Tt can bo soen from the above discussion that comparison with mue oscopic
rosults are possible only in the caso of hithuam fluoride and  magnesmum  oxide.
In the case of the former the X-ray expansions are groanter than the macroscopie
ones. TIf latlice defects played any part the reverse should have happened. 1n

TABLE V

Gruneisen parametors

Substanco Q/2R x 103 3p Referonces
Lithium 29.01 12 01 Present values
20.4 115 Euckon and Dannohl
fluoride 26.2 — Equation (2)
Sodium 29.54 8.0 Progent valuoy
29.26 — Equation (2)
fluoride
Magnesium 61.15 15.10 Present values

oxide 61.76 — Equation (2)
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tho case of magnesium oxile the X-ray data and the macroscopic data agree
perfectly.  The defeets, if any, therefore, affect the X-ray and the macroscopic
expansions equally or their contribution to the thermal expansion is negligble.

Tt can be shown (Pathak and Pandya, 1960h) from the Debye-Gruneisen
theory that

a (¢ ! .

gty o i) P - ()
Where «y and ag are the cell constants at 0°K.  and T°K. respectively, D(/T)
the Dehye funetion and Q/2R and 3p are constants called tho Gruneison’s para-
meters  The above equation shows that for a crystal obeying Giuneison’s law
the graph of ayfap—a, agamst 1/7'D(0]T) should he a straght line.  In the case of
substances exammed m the presont experunents such graphs are found {o he straight
lines.  The Gruneisen’s parameters determuned from these graphs are compiled
in Table V. The value of ¢ can also be determined [rom the relation

Q= VylyK, 2

where K, and V; are the compressibility and molar volume at 0°K.  The values

of Q2R caleulated from tlus equation are also given in Table V for comparwson,
the values of Vy und y ey taken from Born and Huang (1954).

REFERENCES

Adenstodt. I1., 1936, Ann der Physilk, 26, 69

Austin, 1931, Jour Am Cer, Soc , 14, 795.

Born, M. and Huang, K., Dynamical Theory of Crystal Lattices, pp. 52-54, Clarondon
Press, Oxlord.

Deshpando, V. T, 1961, Acta Cryst, 14, 794

Durand, M A, 1936, Plhyscs, 7, 297.

Tuckon, A. and Dannohl, W, 1934, Z. Elecctrochem , 40, 814.

["zoau, 1867, Ann. der Physil, 182, 292.

Goodwin and Mailoy, 1909, Phys Rev, 28, 1.

Henglem, I A., 1925, Z. Phys Chem , o 115, 91.

Lawson, A. W., 1950, Phys Rev., 18, 185.

Mogaw, H D, 1939, Z. Krustallogr , 100, 568

Merritt, 1926, Trans Amer Eledrochem. Soc., 50, 165.

Pathak, P. D. and Pandyus, N. V., 1959, Curr. Sc, 28, 320.

Pathak, P. D. and Pandya, N. V., 1960, (a) /bud., 29, 14.

Pathak, . D and Pandyu, N. V, 1960, (b), /nd. Jonr. Phys , 84, 416,

Sharma, S. 8., 1950., Proc Ind. Acud Sci., 82, 268

Thilewus and Holzmann, 1930, Z f Awnorg. Ally. Chem., 189, 381.

Wooster, W. A., 1949, A Text Book of Crystal Physics, p. 83, Cambridge University Press,





