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MpocTenwen 3agaven, B KOTOPOU paccMmaTpuBaeTca
NnoKanbHbIN (DOHOH, ABNAETCA NMMHENHAA LienoyKa
aTOMOB, B KOTOPOW BCe aTOMbI, KpOMEe OAHOTO,
umeroT maccy M, a oguH atom umeet maccy M' < M.
MokaxeM, 4TO OQHO M3 HOPMarbHbIX KonebdaHun
peLeTKN NoKanu3yeTcs B paoHe Nerkoro atoma u
COOTBETCTBYIOWAA YacToTa bonbLie @, HeHapy-
LWEeHHOW (HEBO3MYLLEHHOW) PelleTKU. YUMTbIBaeM
B3aumMoaencTBMe TONbKO Onuxanwmx coceagen n
npeanonaraem 3To B3auMoaencTBue OAUHAKOBLIM
kak pnsa atomoB M' u M, Tak u ans atomoB M u M.
Pacnonoxum nerkMn aTom B Havane KOopAuHar,
s=0. YpaBHeHUS1 [BUXEHUA ONA pelleTKU MMeKT Bua
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JlokanbHble ¢poHOHHBbIE KonebaHusa (2)
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Uwem peweHne B popme 3KCMOHEHLMaANbHO 3aTyxarowen (no Mmepe yaaneHus ot s = 0)
tyHKuMK, KoTopan B npeaene M'--> M npubnuxaercs k oopme HOpManbLHOro KonedaHus

MaKCMMasnbHOM ‘-IanTOTbI U, == (___. 1)5‘ p—iof p—|sta
ANA HeHapYLWeHHON peLeTKu:

Substituting this solution to Eq. (2) we obtain ®? == (C/M)(2 -+ e~* -+ &),
while its substitution to Eq. (1) gives % = (C/M’) (2 + 2¢~%).

These equations are compatible if e* =={(2M — M) M = e
the frequency of local phonon mode @? = ®?

MAX oMM’ — M
If M'<<M, o= (M/2M)

PelueHue y rpaHnLbl 30HbI BpUNNI03Ha AN HEBO3MYILEHHOI peLeTKU UMeeT BUA
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u, =1 (0) cos sme~ ot =y (0) (—1)° e~ roe @Opay = (4C/M)



Local phonon modes; the Einstein solids

The specific heat of Al,zV above 2 K is well described by
the Einstein model, i.e., it increases exponentially with
increasing temperature [A. D. Caplin ef al., 1973].
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This phenomenon relates to a well-defined local phonon
mode that has an Einstein temperature of 22 K.

It is thought that vibrations of ‘loose’ Al atoms, occupying
the centers of Friauf polyhedra in the Al,p,V structure, are
responsible for the local modes.

The Friauf polyhedron is composed of 16 Al atoms. It can
be viewed as a large ‘shell’ of about 3.2 A in radius.

For comparison, the separation between nearest neighbours
in the fcc structure of Al is only 2.8 A.

Consequently, Al atoms inside the Friauf polyhedra move in
a shallow potential resulting in vibrational modes with very
low energies; such Al atoms are effectively uncoupled from
the rest of the Al,,V structure.



The space group of AlV is
Fd3m. The primitive cell
contains 44 atoms. The
cubic unit cell consists of
four primitive cells. The
grey and black spheres
are the Al and V atoms,
respectively. There are
eight 'holes’ per unit cell.

Another example of an Einstein solid is quinol clathrate
with an argon atom frapped inside a cage in its structure.
In this case the Einstein temperature is 48 K [Parsonage
and Stavely, 1960].
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