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FiG~ 3>" Raman' s~ ~f th8 Y phase :at'~8 "K: - (a) lawde- ;' , -.. 
region: ' (b) stretching regioll. '. '.. : .. :..,,~> 
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low the peak and, is possibly part of the instrumental 
profile made visible by the extreme elastic scattering 
from the sample. Figure 3 also shows an asymmetrical 
rule in the stretching region with a frequency of 233L :.:. ~: . 
em-l~" , Table V shows the results for different tempera-:" 
tures~ .··. . '. . ,. ' ... ...... ';-..:-,: ,:,-" ., -' ;" 
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TABLE V. Observed Raman frequencies and relative intensi- _ 
ties for the 'Y phase. 

. Temperature 

35°K 

20"K 

~ ',. ~ ." ' . 

57. 5 
95.5 

2329 

'58.2 
102.5 

2330 

Relative 
integrated iotensi ty 
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4.5 · 
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5.5 
3 

' 1 

.' 58.4 -' '':: ':.7 : .. , . . . ;:...~~ _ 
8"K " ' > :;'~" --" .. '" - 103.6· .. ·.··',, · .. :; .. :.-.. ,':: '''2 : 5 :.: :' : .. ~'" " ',::-:-:. ... .. 

: .: " ":_ " . ·' 2331 < ':" ... .: . .. ; ~ 1· .... ·· ... '·<, ,._., :·_:-~ .. i.; ...... c~",,-

• . ; : ;_ .. _ .. • ~ ." ~ : .~' - " ' , . 0 " ••• .- _ : _. • _ _ ': • .::. ".:.: : :._:-.-

-'; . >~~?'~i5;~: . , .",:!£:~: ,, ;~ :~' j. :: i':'\~~t~~~?1~~~-:;-' ~~:.~::-ll::}~::,~~_ 
ling to 'the'infrared actiV~~E~·· translatioilal D](lcie that cor~'" . 
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B .. Volume dependence 'of the Raman frequencies in the d" . -
phase 

Figure 4 shows the ~aman spectruln in the lallice re-' ; 
gion of. the a phase . ... Three sharp lines are observed ":'':~ .... ~ . 
corresponding to lib rations of En T" .aild T~ symmetry;.- .c/ ', . 
in agreemE:lnt with previous results. l~;' In addition, a . ;:: ": ~~ 
broad band is observed from about 70 to 100 cm-1. , In .,,":: .. ~; :'. 

The librationa! frequencies calculated in the harmonic ' . the stretching re'"on not shown in Fig. 4, two lines ' _: "~ " 
. approximation including quadrupolar interactions to 12th ..- ""7 

. nearest neighbors are weE,) =42 C~-l and w(Rt,) = 82 wi th a separation. of about 1.2 .cm-
1 ~ave been re~olved • . 

em-1• A calculation of the relative intensities for po- .. Samples 1-3 were grown to study the· volume depen-' .. ;. ~ 
larized incident light in the · usual 90 0 scattering geome- dence of the .Raman frequencies in the a phase. ' The re-
try yieids the ratio '!. 8: 1 faVOring the E, mode. 69 On the..;.~ sults for. these samples are summarized-in Table VI. ~~-: '. 
basis of these calculations the low and high frequency .~.,- Because of 'broadening, only the frequency of the E,line > ." 
Raman lines are' assigned to librational mod~s of E, and: . could be determined at 33 °K~ ' The frequencies increase . '. 
Bt, sYmmetry, respectively. 58 The poor agreement be-- with decreasing molar volumes, while the full widthS at,--. 
tween calcUlated and· measured fr~quencies is to be 'ex"; ' . half. intensity seem to be independent of volume •. .>·:. :.~-:--:- :·~'\'::'" 
Pected since. at the 'hi!!:herdensities corre·spOncu.ng to ~::~ . . -:. ~ . . .', . - . . ...... ,,:. ' .. .... . _.-' . -

~ . The lattice frequencies are 'independent 'of volume and -:;'~.:' 
the ,,'phase, ' the' repUlsi ve 'part of the potential becomes :" 
more. important. '. Calculations using the 6_12 38 3.nd . : .... ~: . temperature in th~ harmonic approximation. In the qua~~' ::-: 

siharmonic' approrlmation70 the frequencies are depen ..... · _ .:.,. ... 
6-exp8~ atom-atom potentials are in good agreemenL '" 
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·The stro~ temperature dependence of ~ Rt,· libra..;; f . . a shift in the point of evaluation of the sec'ond order force ~ ~':" 

tional frequency seems: to point to a softening' of this. -::·~·'---""-cOzU;tants used in a harmonic calculation • . A 'measure of :,S~, 
mode' as· the· y to-tJ ,transition is approached;/ In going to: :" . . the volume depeDdence of the ·normal.mode fre'quencies, .,j,':.:' . 
the J! 'phase; where' the molecular'centers aX'e arranged <:. -.~ ' w(j) is given by the Griineisen parameter: of the jth mode ' ):'-J . 
in 'an hcp structur'e; :the square faces of the unit cell or,· '; .,,' . .. . ' ' " ::-"',.~ ... _' . . . -. > " : '- ":" ', ' , '. :: . ;:.:.:. :-";;':~)'::.:,,_ " .• - ' ~ ","'.-:r:',o:.,. -- ' :'":::2~i~ 
y-Nz "shown .in ~~g~{3)p,V! to be she~~. !,TheRtllib~;:<':' . . ". :P.t~ :;: .~ ~(?:~{.}~.m.~~· . · ;~i~.f0·· :~Et~*:~!5\:?';~~<·-~-;:·~.: ~'5\ll:~;~~::[ 

. tiona! mode, whieli.:coX"responds to librations in the plane ' .. ' where :V is the· molar. volume. ' These parameters are . :; /~:~. : 
of the· square faces~:;e:Ui. ~n become soft through coup"::· criticauy dependent on'the'form"of the' hi~rmolecular c,~, ~>~:, ; 
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" ; :". 0 . ... . ... .,: : ,, :. : ~ '. z ._. phase for a sample witba _ . _ .• _~ - . 
. , ." .. ' ,. , ' .. . . .1 to:l . ' molar volume. of 26.82 CrIl3/ .. ... > .. 

•.. .' /. \ ~ !-< mole :it 8 OK. Instrumental . 
~ .'. Z resolution is 1 cm-.'. : ~, . ~ 

....... ... . _. ... . \ . 0 ._.:" ' ~ .r ; 4 " _. _ .. ~ - - ._~ ......... ... .. 
. . ' ,-:...- : 

110 )00 .. 90 80 70 
... : FHEQUENCY ' ~. IN 

60 · . 50 
C 101- 1 " 

40 _. . ;. -' -:' .:':. ~-' .- -
....... . !...:. - - -.-_. -... :::. 

of'," . ( ", -.. ; '-
.. \ 

...... :.. .. - ~ .: 


