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ABSTRACT [0 Uus paper tho X-ray data on the thormal expansion ol Ki3r, KI
and CsBr upto thoir melting pomis is reportod for the fhrst timo.  The contribution of lattico
dofocts to the thormal oxpundion i discussed. Tho applicability of tho Debyo-Giundmoen
theory to explamn tho variation of thormal expangion with temperature s exnmned, + An
oxplanation of  tho differenco in the observed values by the X-ruwy and tho nm('rom*("lpu'

mothods 18 given, and an appheation of 1t to ohtam u quantitativo measuro of tho Schotiky
dofocts is mdicated.

INTRODUCTION

In the field of solids, the study of the alkah halides has provided us with
a number of most interesting properties. Bul wheu the literature about the
variation of lattice constants with temperature by X-ray method #9 examined,
we find that the erystals are not studied as a group. Scattered data are available
on lattice constant vanation (and hence on thermal expansion varviation) with
temperature, in some cases up lo the melting point and m others within a
Limited range of temperature

Reliable data on KBr and KT espedially at high {emperature are not avadl-
able.  Gott (1942) studied these salts hetween 20°CC and 190°C but the Xy
expansion values obtained by hum ditfer by about 5 per cenl in the case of KD
and about 15 per cent m the case of KI from his values determined by the
macroscopic methods, (hus indicating a large concentration of defects (especiallv
in KI). Connell and Martm (1951) repeated the observations under 1dentical
conditions and found their X-ray values agreeing closely with the macroscopie
values of Gott -

The only X-ray data available so far up to the melting point of CsBris that
of Johnson, Agron and Breding (1955). But their value of a at 25°C is about
20 per cent lower than {hat of Krishnan and Srinivasan (1950) obtained hy
precision interferometric method.

The present measurements were, therefore, undertaken (i) to provide accuratc
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X-ray date on the thermal expansion of KBr, KI and (SBi by conpolying
diffractometer, Geyger counter, ratemeter and an antomatic chact  recorder,
(in) to study the role of lattie defects on the thermal expansion and (i) {0
exammne the vahdity of the Debye-Ghunewen equations.

The diffractometer dise had a diwmeter of 500 mm and was calibtated in
degrees (20, each degree divided mto fonr parts)  The Geiger comter conld be
moved over the graduated scale either hy menans of a spherometer (whose dixe

had a diameter of about 70 mm.) o1 by a synchronous maotor  The dise ol (he

spherometer carvied graduations so that readmgs ol the counter positions coulid

be read up to I mmute of are and by estimation up to § mmmne

OBSERVATIONS AND RESULTS

A special small turnace (Pathek and Pondya 1959) wineh was litted mthe
centre of the diffractometer was constiaeted in the Jaboratory  The {emperarures
were measurad by a platmmm-platmum plus 10% ehodium thermo-ouple, The
furnace was colibiated hy observing the meltings of (7) aectanhde (H15°C), (i)
NaNO, (310°C), () K,Cr,Q0-(400°C) (iv) CsCl (6167 C), (v) K TH0°C) and NaCl
(800°C)  The results on NaCl (Pathak and Pandya, 1959) and Csh (Pathak and
Tandya, 1960) obtained by using (he fumace have already been yeported Smee
the ecarlier results agroed with those of the most rehable workers, it was decided
to extend the observations to other alkali hahdes,  The results now obtamed aro
given m Table |

TABLIE 1

KBr KT Culd
Tomperatnre  Coll constant  Tompersture  Coll constunt — “Temporuburs Cell constunt
degreo (! ar ﬁ dogree C uy A degree (! ap A
30 6 579 28 7.052 31 1202
72 6 H89 78 7 066 81 4.303
110 G 601 118 7 081 120 4.312
170 6 618 159 7092 182 4.327
226 6.631 204 7.105 263 1,340
281 6 6h2 201 7125 206 4353
350 6.670 320 7 143 340 4,304
415 6 686 376 7 160 308 4,37
497 6.714 432 7 182 389 + 376
553 6.732 495 7 204 442 4 301
611 G 753 542 7 224 495 4,407
({UY 7 244 H40 4 422

601 4 440
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TABLE 11
KBr KI CsBr
Toemporature a X100 Temporature ax 100 Temperature ax 106
dogree C degrees C degree C
30 38.6 28 40.4 31 47 8
72 39.4 78 41 6 81 50.0
110 40 0 118 42.5 120 51.6
170 41.1 159 43.4 182 64 1
226 42 2 204 44.5 263 57 3
281 43 1 261 45.7 295 58.6 \
450 44 3 320 47.1 340 60 4
415 45.5 376 48 4 368 61.4
497 46.9 432 49 6 389 62.3
563 48 0 495 50.9 442 64.4
611 48 9 H42 519 495 66 4
601 53 2 640 08.1
601 70.3
TABLE IT1
ax100
Connell band Gott
Tomporaturo Martin Gott (Macro- Authors’
Substancoe rangoe (X-ray) (X-ray seopic) (X-ray
°C values) values) values) values)
18-100 40.5 38.8 40.8 39.2
KBr
18-180 41.7 40 6 41.4 40.0
20-100 40.6 37.2 40.8 41.2
KI 20-190 42.1 36.1 42.7 42,4
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TABLE 1V

Caesium bronude

Tomperatiure —_ exlor PR

dogreo ¢ Authory’ Krishinen & Johnson
TRy Srmivasan et al

valuos) (Macroscopic (X-ray

o valuos) valuos)

0 46.6 46 6 37 2

31 17 8 48 0 05

81 50.0 50.3 43.0

120 51 6 51,9 45.7

182 54 1 at.9 0.0

263 57.3 67 6 53.5

295 h8 6 o8 7 57.7

340 G0.4 060.8

368 Gl ¢ 62 7

389 62 3 64,1

442 64.4 67.6

495 66. 1 71.0

540 68 1 740

601 70 3 78

The equations satistymg the smooth curves diawwn from the observed pomis
are gven below .
KBr - == 6 57254 2 499 > 1071-6.557 x L0,
KL —ap = 7.0436-+2.801x 10 % | 8.780 x 10 ®*
WBY iy = 4.2870 4- 1.998 X 10-1%+9 378 > 10-4*

The coefficient of thermal eapansion o was caleulated from  (he  equition

o= ; . ff ;;-‘ . The values of x thus obtained lor the three salts are givew m Table
t
[L.
Our results arc compared with those ol the earher workers in Tuble 111
and IV,
The satisfactory agreement between our values and those of Connell and
Martin as well as with the macroscopic values of Gott at comparatively low tem-
peraturcs indica es not too large a concentration of the nigrated defects at tho

surfuce at these temperatures. (vide section 4)
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Tt can he scen from Table 1V that our results with CsBr agree quite satis-
factorily with those of Krishnan and Sinivasan but disagree widely with those
of Johnson el al

DEBYE GRUNKISEN EQUATIONS

Dehye-Ghruncisen theory gives (Roberts, 1951)

Vi Vo fyombmel 1 Vp=Vo ) oy '
0 { 2 Vo J’—‘yﬂ‘ W

I this equation V,oand Voare the volumes of the erystal ad 7K and 0°4 res-
pectavely, I, the compressability at O°K, £ the vibrational energy of the erystal,
y the Gruneisen constant and m and 7 are constants obtamed from the poten-
tial energy of the crystal, \

!

pl L

WO = 4 . ®

w | m—+1 n—V,
The thermal expansion of a solud s always small 50 thut L .)’ +1 . Va ,lﬂ
2 Vy
1 sl compared with uoity  Neglectmg 1t the B (1) can he writien as

Vap—Vy = yKl§ [ )]

Dividing hoth sdes of the equation (1) by 17, and transposing we obtamn

Vi -V _ YLKV,
Vo E SRR B P )
[t ey
o

Writing @ - V,/y Ky and p —

0| m-1
‘.»L.)—'» - 1 equation (4) we get
2

Ve Vo _  __BQ

SN (S V_TV—T_} - !

0
Substituting for V,— Vg m the small correction term from Kq. (3), lg. (5) hecomes

Vp—Vy _ (E[Q

l/

(6)

[
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Remembering that
,VT‘__‘./" =3 fp—ty
Vo "o,

where ap and «, are the Jatice constants at 7K and OVK respeetively. Bq. (6)
can be written as

3. @t o TV BQ . (7)
My Fy I p. KIQ

Tn the case of alkali halides, £ the vibiational enerey s gmven by & -- 687 .1
(#[T).  Putting this value of & in Eq. (7) and transposing we get.

g #Q 1 . )
ap—ay TR 0D - ®

This equation shows that the graph of o against

l 3 0
p—a, by should e

a straight hme  If for a given erystal the above graph is really a straght line,
we can (1) show that the substance obeys Grunesen's law and (ii) determme the
Gruneisen's parameters /2K and 3p {rom the graph.

The value of ¢, can be estimated from the Jow temperature approximation {o
Eq. (7)
g M= (o (E ) ~ (;iaE )
, Q /2 ('y /21

_ Boyg . 278 . D(0[273)

((3]273)

where ('(0/273) s the spectfic heat function and (;; = @ = constant. for Jow

temperatures.

In the case of alkal halides investigated in the present expernnents the graphs

a . 1

of % against -
Up-—dy & T.D0]T)

theory. The Grimeisen’s puramclers /2K and 3p, thercfore, assume great

importance. The parameters determined from the above graphs {or the different

are straight lines, as predicted by the Gruncisen

haldes are compiled in Table V. The values of these parametess for CsBr
calculated from the X-ray measurcments of Johuson et al., are given for com-
parison.

4
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TABLE V

Grincisen parameters

Substance (Q/2R) X 109 3p Referonce
28.81 7.25 Presont values
KBr
28.60 — Lig. 9
27.12 6.50 Presont valuos
K1
26.20 — Eq. 9
23.56 7.26 Presont values
CsBr 27.10 10.80 Johnson ¢t al,
(1955)
23.20 — Eq. 9 £

The value of @ can also be obtained from the relation \
Q= Lo )

wheve Ky and V, are the compressibility and molar volume at 0°IK.  The values
of Q/2R calculated from this equation are also given m Table V, the values of V,,
v and K, hemg taken from Born and Huang (1954).

ROLE OF LATTICE DEFECTS IN TIIE EX]:‘ANfSION
OF LONIC CRYSTALS

The fact that the iome crystals conduct an electrolytie current which obeys
Ohm’s law at high tomperatures shows thut these crystals possess unperfections at
elevated temperatures. It has been found that the jome conductivity increases
ag the temperature increases showing that the concentration of the defects in-
creases with temperature. Schottky (1935) and Jost (1933-37) have shown that 1t
is exceedigly unlikely that interstitial ions occur in any appreciable quantity in
allkali halides. Mott and Littleton (1938) have refined the calculations and have
shown i the case of Sodium chloride, for exumple, that the energy required to
tuke a Na' ion from a normal lattice position to an interstitial position 1s 2.9 ¢V,
whereas the energy required to form a par of vacancies is 1.86 oV. Thus the
number of interstitial ions is very much less than the number of vacancies indi-
cating that in alkali halides the Frankel defects are practicallya bsent while the
Schotiky defects predominate.

As the temperature increases more and more ion pairs which were formmg
the part of the Schottky defects nugratc to the surface. At the surface those
ions are not surrounded by the bulk of the lattice and they cease to bo defects.
Now they could be reasonably expected to beohave as fresh ions which are
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deposited on the surface of an 1onic evystal, formmg the same structure as the
bulk of the crystsl. This happens because the ions are of the same type as
constitute the crysial. These fresh deposits will inerease the tfotal volume  of
the crystal but will not modify the cell size. The cell size wall ulone be measured
in the X-ray pictures, while in the macroscopic measurement of volume we
measure the total volume (due to thermal expansion of the cell and that due {o
the surface deposits).

We are thus led to believe that the difference in the measured values of o
by the X-ray and the macroscopic methods may Le due to the fresh deposits at
tho surface due to the migration of the 1ons formmg the Schottky defeets I
this is correct we could expect the divergence in the two values to inerease with
the temperature. 1t thus appears plausible that we could estimate the degree
and the extent of the migration of the defeets by carrying out accurate measure-
ments of a by the X-ray and the macroscopic methods,  This work has been
started by us and appears hopeful.
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