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FIG. 9. Temperature dependence of the true linewidth of the 
E, line of the Ci phase: . x . experimental points obtained as sum -
ing that both the true line and the instrumental profile are given 
by Lorentzian curves; -:--. best fit to the. function in Eq. (9). 
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.. where;wi = iWO(A) and wi = ~WO{A), and r 1(A) and r 2{A) are :. 
temperature independent. ." • \'" ; '_' . ',- . 

T ABLE IX. Volume dependence of Raman fre-' 
q uencies in the fl phase at-55 ·K~ . .' , ,._ . ~_ 

. Sample 
Molar volume 
(cm3/mole) 

Frequeocies 
(cm-I ) . .. 

1 
2 
3 
4 

26.87 
25~90 

25.05 
23.59 

2S±3 
28±3 
31±3 
36±3 ' 

50±3 
54±3 
58±3 
68±3 

'. _." • .l: 

the E, libron and the other two excitationS,' resPectively • . 
The term r l(A) has been added to account fof' the small 
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The .two sets of linewidths- were fitted to the function ' J ' .. 
'. given in.equation (9) .witn W= 35 cm-1 ..... · Figure 9-shows- ~ ; ~ .. ',~ 

the- best-fit for the set of linewidths not in parenthesel'r. --' 
in Table,;-VIII •. The: resuUing parameters..are rl().)~ 0.2 ' 
cm -1 rz(A) = 140 cm-1 "w' = 63 cm-1 wIt ;98 em -1. and ~ .. , , ,.' , 
r 1(A) =0. 6 cm-1, r 2(A) ';"106 cm-1,-' w'=54cm-1;- w"=89 --. 
cm -1 • The errors in these results are probably large 
and difficult to estimate. However, they show that the 
process responsibl~ for the temperature dependence of 
the linewidth of the E, line is possibly a combination with 
a Tr libron to create aT .. phonon. . The . rev~rse process . . 
ora T~:phonon decayiDg' intoE,and !~ librons has been'.' :.:< 
proposed as aD. explanation for the anomalous width of '~ '" '-- . 
the infrared-active Ti,' phonon with a zero pressure fr~ :': " _'. 
quency of 70 cm-1• 48 Although the characteristic fre- .' . 
quencies w' and w" are larger. than those corresponding 
to the low-frequency T,libron and the infrared-active Til 
phonon in samples 5 and 6, the discrepancies might be 
due to the failure to consider other less important anhar-

The linewidths from Table vm were fitted to the func­
tion given in (8), but both sets of values resulted in ex­
tremely poor fits. The difficulty arising in thes.e fits 
seems to be the smallness of the linewidth at very low . 
temperatures. This is easily resolved by considerini -:;:::~ monic processes. ,- . . ~.~:,,;:~:~: ~,.;,- ':'~.; . . ;-~.': 
the second term in (7). ;' This term will go to zero at 0 OK. . The coefficient r 2(A) can be relat~d to ,the: cubic rumar-

.. Then; .the smalliinewidth observed at 5 OK can be, at~ ~.:. . monic term H3 in' the Hamiltonian. USIDg r
2
{A) ,; 120 .'_ .;:....:. • 

. trlbuted to othei;- less important anharirionic interactions. cm-1.results in '1 H312 "" 1. 2(cm-1)2 in good agreement with . _ 

:!':::~Ufu;~ 'i~~n~ :~~~~~t cubi'c ~~~~;ri~" ~~~;a~~;~~' the value·of about 1{cm-1
)2' estimated by' Harris and ' " ".' -.:: 

, :.fuat auows the E,libron to combine with a second excita- Co1l
48 

for the' cubic anharmonic interaction which all~~ . 
the infrared-ac.tive · T .. phonon to ' decay"mto two libror.8 • . , . tion to produce. a thir~ •. ~ Eq. (7) becomes . l,.:, ':' :~ .' :-; ; ';. ;,'-;~~ ..... __ 
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where w, .. w'~ . and w'!·= w+cv', refer to the frequenCies of . _- Figure 10 shows Ramanspectra in the' lattice region of 
.. :. " .- .. .. ~ '.' ... ' :":'!"\: ' .. ' :'.;;)~:-.. , ..... ;:.: .. :,;-.:r,:; .. ' ·~ thefJphase · for ·samplesoneandfoui-_ at · 55°K~ Twoex- ·:,· 
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FIG. 10. Raman spectra in the (J phase at 55· K from samples 
with molar volumes of 23.59 and 26.87 cm3/mole • . Instrumental 
res olution is 2 ' cm-' . . . ','.:: .. ," . 
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Figure 11 shows a plot of lnw versus ln V for the two 
Raman lines of the f3 phase at 55 OK. The straight lines .' 
that fits the data best are shown by solid lines and result' 
in Griineisen parameters of 2.8 ±O. 5 . and 2.4 ±O. 5 for 
the low- and high:-frequency lines. - ;:.~_:..., ..... -_ .... :" "~;_:.: .:.:..:- ' 
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