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Crystal dynamics of solidified argon
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Tsual vail cU»r Waal's forces and a logarithmic form foi’ tjio repulsive', 
ijiieraedion is assninc'-d between a jiair of atoms in tj\(̂  studios on 
solidified noble' teases. Int«eractions art' t;oikfintxl to tin? nearest 
neighbours only, uhere IJie effoet of zero-point energy is also taken 
into act'ount. Oiu’ earlit'r \>t)rk on st>Iidified krypton and ximiou 
is (‘xtended to inchid<̂  argon also. A ealenlation is madt' for (U)hesi\<̂  
(UUM'gy, phonon disjiersion relations in the Uinn̂  syinmt'tjy dirtH'tioiis 
aiid the Di'liyci tempt'rature. These n ŝults are found to bt' in fairly 
good agrt't'imsnt \Nith tht' expt'rimental data.

1. feTROmrCTlON

fju'j't gas solids form an ideal subject ol' invtvstigation from a tjieortdical point 
of vî ŵ. ft has becomt" customary to assume a form of interatomic potential 
containing a number of }»arameters, provided it is consistent witji the jihysics 
of (lû  situation. Recently Bohari (1972) adopted a simple logarithmici ibrm 
foj* tjio overlap rt'-piilsiou along with the umihI van der Waal's interaction bet ̂ ê('n 
a paij* of atoms in tJie of inert gas solids. Th(‘ interaction was sup])OS<Hl to 
l)c (effectiM' npto tjû  nearest neighiiour only, w jien tjie (d'fect of zen)-}>oint energ>' 
was also taken into account on tl»c lines of Gnpta & Dayal (190(1). A numbcj’ 
oi lat(i<*(̂  dynamical properties wen̂  studied .relating to S(»lidilied krypton and 
xenon. A satisfactory agreement w itji tJie experimental data was found in most 
of the cases. In vi<'w of its earlier success it seems interesting to extend this 
woj'iv to include solidified argon, whieji also on man\̂  attconnts approximatt's to 
aji ideal situation in a solid.

2 . rNTEHAXUMlC PoT E J«T lA L A M I THE M ETHOD OF CALCULATION 

'Jlie pot(uitial function can bo written as

C ‘ . j l i
'!>('•) -  log, [l I ( , )  1̂ ... (1 )

wlioro the symbols have their usual moouiug as mentioned ('aiiicT (B<4iari 1972). 
-I he valu(‘. of tn is eJiosen to be <*.qual to 14 on the. basis of tjie conclusions derived
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by Mason & Rice (1954). B  is oliosoji to bo equal to the ionic radii of the 
sul)stanc(  ̂ in question and tlie remaining two parameters {C  and 4̂) are determined 
by applying the conditions of crystal stability and the eoinpressibility as discussed 
before (Bthari 1972).

3. Comparison with the Experimental R esults

The (^xju'essioji tor cohesive eiŵ rgy is tlû  >sam(̂  as mentioned before. Its 
comes out to be -1.05 K  cal/mole, in close agnwment with tjie experimental 

data ( -1.84 A" cal/mohd (Pollack 1964).

The form of tlitJ secular determinant remains the same as mentioned (̂ arliej*. 
rt is solved foj* selected values of wave vectors in the first Brillouin zone to o!>taiii 
plionon dispiTsion relatiojis and the completf  ̂ vibration spectra. TJui method 
of subdivision of' the Brillouin zone and the eonsoquent i i k k I o  of calculation o(' 
specific* heat- is as discuss(‘d before (Behari 1972). Phonon disj)ersion curves arĉ  
()lotted in figures 1 along with the experiincuital results. Tlû  exp<uim(uital jdots 
are due to Ihiteholder c/ al (1970) and Eggor et af (1968). ft can b(* s(u*n that oiu’ 
rĉ sults are> in fairfv̂  good agreement with these data.

Kig. 1. Phuiion dispersion in solidified argon. /.* is in units of (1/lOc/).
P3xporiin«mtal points ai<*. as indicated on the graph.

{0— T )  curves are plottĉ d in figure 2 along witii tJm experimental results du<̂  
to Peterson et al (1966). ft can be assessĉ d from thi*s graph tJuif within the limits 
of approximations involvcnl in our tjieoretieal analysis, our results compare*, 
favourably vvitji the experimental findings.

It is tJius inforred that thê  logarithmic form for tlie overlap repulsion in 
conjunction with tlie \ an dor Waal’s for<?es i>s able to interpret well the lattice' 
elyiiamical prope>rti('s of solidified nobler gases. Some disagreement between 
the; Uu'orutical and exi>erimental results may bo attributed te> the? neglect of 
distant noighboiu’ interactions and the? anhanuonicity.
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Fi|f. 2. {0 — T) nurvo for Rolidified argon.
" rt̂ presenl Uip oxporimental poin1«.
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