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LINDEMANN LAW FOR IDEAL SOLIDS
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Abstract-The applicability of the Lindemann law of melting is investigated for the simple solids like neon,
argon, krypton, and xenon by lattice dynamics, and is found to hold good for the class. It is observed that the
law is structure as well as interaction dependent, and holds separately for each class of solids having similar
structure and interparticle interactions.

1. INTRODUCTION

ACCORDING to the Lindemann law [IJ, the melting temperature of a solid is attained when
the root-mean square amplitude of its atomic vibration becomes a certain fraction of the
nearest neighbour distance. It was also suggested that the fraction, the so called Lindemann
parameter, might be the same for all solids. But Shapiro [2J, on the basis of his lattice
dynamical studies of a number of f.c.c. and b.c.c. metals, has concluded that the Lindemann
parameter is structure dependent and has different values for different classes of solids.

Recently, Crawford and Daniels [3J, van Witzenberg and Stryland [4J, and Peterson
et at. [5J have provided some such experimental data for solidified Argon. This substance
belongs to that class of solids (rare-gas solids) which are known to be almost ideal [6]. It will
therefore be interesting to test the validity of the law and to find the Lindemann parameter
for the class of ideal solids.

2. LINDEMANN PARAMETER

The mean-square-amplitude of oscillation of a monatomic lattice in quasi-harmonic
approximation at T OK is given as

(1)

where m and N are respectively the mass and the number of atoms constituting the lattice,
wiq) is the angular phonon frequency corresponding to the wave vector q and the polariza­
tionj, and

(2)

is the average energy of the (q,j) phonon mode. Here <n[wiq)J) stands for the Bose occupa­
tion number. Thus

2 h fwmax
( hw )g(W)<V )T = 2mN 0 Coth 2kT -;;; dw,
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and the Lindemann parameter
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o= «U 2 )/r2)L, (4)

where r( =aJ2) is the nearest neighbour distance, and Tm is the melting temperature of the
solid.

The phonon spectra g(w) for the face-centred cubic solids Ne, Ar, Kr, and Xe have been
computed by a quasi-harmonic central-force rigid atom model [7]. The model assumes weak
long-range attractive and strong short-range repulsive interatomic forces derivable from
two-body (exp, 6) potential function, and takes care of interactions up to fourth neighbours.
It estimates zero-point energy and its volumes derivatives by Debye theory of specific
heats, and includes them in the calculation by iteration. The Lindemann parameters "0",
so calculated, are presented in Table 1.

TABLE I. LINDEMANN PARAMETERS FOR IDEAL SOLIDS

Tm arm X 108 U} X 1016

Solids (OK) (em) (em 2 ) b

Neon 24·6 4·537 0·1844 0·1338
Argon 83-8 5·468 0·1928 0·1136
Krypton 115·8 5·817 0·2041 0·1097
Xenon 161·4 6·353 0·1891 0·0968

All experimental data including the melting temperature (Tm), and the
lattice parameters (a r ) have been taken from [12].

3. DISCUSSION

The values of the parameters "0" show a small scatter, and cluster about 0·1134. The
o's for Argon, Krypton, and Xenon are almost the same as the cluster value of the group.
However, 0 (Ne) "0·1334" is a little larger than any of these including the cluster value, but
it cannot be taken as the refutation of the Lindemann theory, since Neon lies very close to
Helium in the periodic table and its properties are intermediate between solid helium and
other heavier rare gas solids of this group. It is well known [8] that the interaction in the
case of helium is of different type and quantum efft:cts are predominant. It is, therefore,
expected [9] that 0 (Ne) calculated taking all quantum effects into account will be close
enough to the cluster value (0·1134) of the group. As far as this value of the average Linde­
mann parameter is concerned no standard is claimed keeping in regard the accuracy of
the experimental data used and the simplicity of the Lattice dynamical model employed
for its computation. However, it is not very much different from the ones already determined
by earlier workers [3, 5, 10, 11].

It is interesting to compare this cluster value (0·1134) of the Lindemann parameter of
f.c.c. rare-gas solids with that (0·0710) of another group of f.c.c. metals (AI, Cu, Ag, Au, Pb,
and Ni) determined by Shapiro [2] using a force-constant model. The difference in the two
values is sufficiently large, and is quite inconsistent with the conclusion of Shapiro [2],
according to whom all f.c.c. solids must have the same Lindemann parameter. The author
is of the view that the large difference in the values of the o's of the two groups off.c.c. solids
is due to the difference in the nature of interactions present in them.
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It may, therefore, be concluded that the Lindemann law is not only structure dependent,
as inferred by Shapiro [2], but is also interaction dependent; and holds separately for each
class of solids having similar structure as well as interparticle interactions.

The author acknowledges the help of his co-worker Shri A. K. Dave in computation.
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A6cTpaKT-Ha OCHOBe ):Il1HaMI1KI1 peweToK, I1ccne):lyeTclI npHMeHHMocTb 3aKOHa nnaaneHHlI JIHHneMaHHa

):Inll npOCTblX TBep):lblX Ten, KaK HeOH, aprOIl, I<pHnTOH H I<CeHOII. Onpe):lenlleTClI 'ITO JTOT 3aKOII Ha):ln­

elKaWMI1 06pa30M I1MeeT cl1ny ):Inll noro Knacca. Ha6nlO):IaeTClI 'ITO 3al<01l 3aBHCI1T KaK OT CTpyKTypbl

Tal< 11 OT B3aI1MO):lelicTBI111. 011 lIBnlleTClI npHMeHI1MblM OT):IenbllO ,nnll KalKoro Kllacca TBep,nblX Tell,

I1MelOl1.\I1X nO):l06HylO CTpyKTypy H MelK,nY'laCTH'IHble B3aI1MO):lelicTBI111.


