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. TABLE VII. - Griineisen parameters for the libratxonal modes
in thé & phase. 5 .

T : o7 Low-frequency High-frequency
~ (°K) E, mode T, mode T, mode b e
8 1.95+0,06  1.63+0,06 1.68+0,08

18 1.95+0.06 - 1,68x0,06 1.65+0.08
33 - 1.96+0,08 - : o

larver than the measured va.lues. -These results seem
. to.indicate that the. 12 power of the repulsive part is too
hxgh. Indeed, for a_repulsxve atom-—atom potential of the -

- form A7™", the Griineisen parameters obtained in the . . -

\ present study would.yxeldQ 3<n<10.1 and 7. 4<n<8.‘_1 _
- 'for the E and T, modes, respectively, mthe quasi~ .

.....

b.a.ted by the classical ha.rmomc calculations of Jacob1 ,
' and Schnepp, 47 who used the 6-» atom-atom potential

. “and found n=9 to give better agreement with the measured
lattice energy, and infrared and Raman frequencies at
_zeropressure. Using a multipole expansion of the inter-
“molecular potential Mandell*® obtained Griineisen param
etets of about 2 and 1. 7 for the E, and two 7, modes,
respectlvelr ‘However, ‘the author’s assumption of a:
hexadecapole-mompole term mdependent of. volume is~
notfully justified. 5o e 38 SFEiRad s

o 2555

~The measured hbra.honal frequencies can ‘be extrap-
.. olated to zero pressure using the Griineisen parameters
and the molar volumes at zero pressure from Fig. 1.

. The calculated zero pressure librational frequencles o

‘are 32.8, 37.0, and 60. 5 cm™ at 8 °K and 32.3,"36.6,:
and 60,1 cm" at 18 °K to be compared to 31.5, 36. 0,
: /and 59.8 emt measured by Mathai and Allin® at4° K

“and 32, 36.5,.and 60.cm™ measured by Anderson Sun, R

: a.ndDonkerelool.ZI at 18°K.” _
he band between 0 and 100 et i in Fxg. 4 seems tor
: consxst of a series of broad lines,. the most pronounced
bemg around 70 and 95 cm™, . These frequencies are
‘close to the sum of the E, and each of the T, librational .
> modes, indicating that it might be a two-libron ba.nd. .
“‘However, the 70 cm™ line céuld coincide with an infra- -
' “Ted-active phonon.**=** To check these possibilities, -
_the Grﬂnelsen pa.rameters of both lmes at 8 °K were :

'a.nd favors its 1dentlf1cahon as a- two-hbron band, .as: :

P _vmusly suggested g 55
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i tions by

? O
C Ky 2o iy

3 'where Cw and Cy are the heat capacxty at constant. vol- :
ume for the jth mode and the solid, respectively; ais'
the volume coefficient of thermal expansion; and Kris.
the isothermal compressibility. . Heberlein, Adams,

- and Scott'® calculated v using experimental values of

= ‘the other thermodynaxmc functions in Eq. (2). They ob~

_?"_‘fta.med a -y, strongly temperature dependent above 16 K,

iR *.'—_r

ues are close. to those obta.med for-the hbratlonal modes =
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leveling off to a value around 3 just below the a-B tran-
sition. Since the Griineisen parameters for the libra-
tional modes are substantially lower than three, it must
be concluded that these modes cannot be responsible
alone for the increase in y;. Translabtional modes prob-
ably having Griineisen parameters around 3 must make
significant contributions to v, below 36 °K.

C. Temperature dependence of E librational frequency Al
mthea.phase S A = . 5 .’;;T.V__

In an 1sobarlc expenment the changes in the hbra- 5

tional frequencies with temperature contain one contri- -
bution due to thermal expansion and a second conh-ibu- 3

tion which is a direct result of anharmonic mteracb.ons i
and is present even in 2 solid held at constant volume, ==

This last contribution has been measured in samples

five and six. The change in molar volume of these -
“clamped” samples in the temperature range 5-39 °K ..
introduces a change in the E, librational frequency of
about 0.05 cm™. This change is considerably less than
the errors in the frequencies and it is reasonable to
assume that the Raman spectrum in the « phase for these

samples is only directly affected by changes in tempera-..

ture. - The E, librational frequencies of these samples -
are given in Table- VIII at intervals of about 3°K in the
temperatu.re range 5-39 °K. .. .: .- FS.

Althou,,h the hbratlonal amphtudes are larve in the o
phase, Harris and Coll*® have shown that they-are small
enough to warrant a perturbation treatment starting from
conventional lattice dynamics. This treatment has been

widely considered in the literature in the case of transla- .

tional modes. For an extensive discussion on the sub-

ject the reader is referred to Wallace’s book. ™. Usually, :

cubic and quartic anharmonic terms are added to the po-

tential and the total energy is then calculated in second-; s

order perturbahon. The resulting correction to the .

harmonic energy is called the anharmonic’ self-energy

Ttns sel.f—energy is complex and is. wntten a.s
r:Aw(x) ﬁA(x) - zh’I’(A) 3. i

=ik T

: where X refers to a mode with a pa.rhcular wevevector

A —.and. polanzahon. The quantity A(A) represents the shzft

Sampla 5% =
Sl il ‘::;, Full width at.

half—intaneity — T

Frequemr Teq
K-~ -

m.—:

‘These frequencies could not be obtamed owmg to irregularities ;

in the chartrecorder o T kR caa
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o i e o

(em™) * em™)
38.6° % 32,520,3 * 10, ouz.o) 38.9 32.5%0,3 " 9.7(12.6) - - .
: _3a.9-::';’133.uo 3 -% '8.5(10.4):- - .36.0- 33.1%0,3-  8.0(10,8) “-
732,9+333.7£0,3 --,--_e 5(8.4). ~= . - 32,9 33,7£0,3. - 6.3(9,0) =
..29,8° -34 120.2 —; .5.0(6.6) ,ii2 29,4 £ 34.0£0.2.  4.7(7.4)
26,9 - '34,4%0,27 7 3.7(5.1) © © 26,8 34,3%20.2 “_3,7(6.2) 7
- 246 ;_34.5*0.2 2.7(4.2) 24.2° 34.6%0,2 2.8(5.0)- -
S210 a0 - L8ER6) .20.9  34.8%0.1 - 1,9(3.2) T
17.0 - ~a = - 0.8(1.6) -~ 17.1.-34,9%0.1 °~ 1.0(2,2) --
‘12,7 1734,95+0,1 " -0.4(L.2 ©° 127 34.95£0,1 .- 0,3(1.2) -+~
9.8 34,95%0,1 .. 0.2(0.9) - - 9.7 35.0%0,1 - 0.2(0.9) . ‘.
5.0 35,0+0,1 ~ 0.1(0.86) 5.0 35.0%0,1 01(06)'-:-’




