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I' II; ... i' ~j~~S and Doll;"g" re",nfly ~d inelastic ne~;";n 
;i H· . ';' s.cattering to. study the lattice dynamics of the f/-:phase • . 
-, : I .;'-:-They observed two translational modes at q = 0 and 36 0 K 

l
~ ~! : I" . having frequencies of 25 and 64 cm-~. , The. low frequency ' 

J' : . _. the doubly degenerate E2r mode shown in Table IT. This 
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'. :i ; !"~mode splits into two modes for q *0 and corresponds to 

i iI; " j ~. ,.JD~~an-active and can be identified with the. 

I 
~ i: Ii . . low~frequenCylfne"'in.:the Raman spectrum of .sample one . .. . 

: :. i' bavmg a frequency of 25 cm-1 at 55 °K;'-:- Thjs identifica~ 3 .~ .:~: ' 
. :~:!I ' ': , tion is supported by the large Griineisen parameter of _..... . '- '::."~' ... , ' . ,~,: ~:::~. ' -:~~: " 

ii tI . - ·this line, usually characteristic of translational modes .: < . -,. , " c· . ' . ' - ' . " , -.- : ,. " . 

:!. H'·'·· '. iIi close-packed' molecular crystals': .The other'transla- . .. :,' .. ~,~ ..... .. :~';. ~: -.-.:. .. .,-=-:>:~~ .' ,' .. - (~ :;:-

~ '. LI. .~_ . 

-: . . ' 

'i~lll -.>.:~:. 'tional mode observed by Kjems and Dolling at cj'';O has ' .' ,-3 >.~"" . .. '. :: , ,~~-:, < .. '-.:' . ,.". ~, " .~ - .. ' - . .. ~".~,'..: -
.~ I' ~-~ .", \, .. . ." - " '-.:::. ,,~t"'~ ~ ~--;·- ·i .-:.. - '- .!;).~:.- :; I. ~ - .... ,,_~:J.~' • .rs..'t?J,;;~:..- .... , -- - ': :":'~ .. . ... : .. -..... 
~; . ' <.:.=:.100 bIgh ,a frequency.to correspond to the·cther·Raman '. ->~;, , ·';.{>.>·7·; _>~·_" o ". :A,-.. ,:: . ; . •. .....:.--;:.:: .... ::ij;,_'"' . .'_" ;Y',.~;. >. 
t! l .. <r.~"- '1.- . ' _J. -~, ....,;; ) ... .:' .. . '; 6 ~ "" , ... .. ;~~ • .:,~:-:,,~~ ... - .......... - .. ~ .;"I:v: ~-- .. '- 4' \ • • rr... _ . ~ . 
: t '/:":r: ~ me; ' Moreover . only. one translational .mode~ is -expected ' I . . :. '<" :;:"~ : .:: ; .. : '-"::~;;:::-~ ' -. e . ' :;:;--'~'-' '.;' -'~'-: . . ' ~~:'- :~t:~ . 

I, ~:. ~~~.~in the fi~st-ord:~ .~an spectrum·of ~' ~cp ~tructure~ .'. · ;~~~~:'. j~1{~~~~~i~~~~i:~~~~:it;"~f*l~~L, : : .. ~:J;I~t~iF· . 
;. :{:;.:: ':r:he s~cond Raman .l~ ·then pr(>b~ly correspon~s'l? a : .. ::: ~'h.~ .. ~<'0~:~ :.:.:;"' .. ~ .. ~.;~.: :., .. ~;./:'!,' , ~; .. -~~~Ji';',;;:,:; '-:.-=:- :' ... \~}iS;'!2,;;. 
nl. ",:;' .:~ hbratlonal mode of EU'symmetry,: as ·expected from ·'; '>-.· ; .. · '_~~,. !.I!i, . ; _ : ._ :5.ZO .• '. _ . :5.25 ... .. '_ .. _ uo ;: .- ' ; .::.::.:.:~.::::.-= : . -::::~-:~, ~ I . ~, Tabl IT : ' - .. ' . ' - . "." . ,'. ,,~ -. • _rl-.,-:;;.~,- - -~V ~ .. c·' '' , ..•. . - ' .... ~ ., .. .,.6-', •• 'p' . 
~ I '~:: ~i, e • .. Thls means that the molecules in the ·t1'P~ase . ·." ,-'-, ,,"~ ·_.~~;r",: ,: " .. :. In Ce :"; '.. "'; >'~'~_;'~~':f::;",:,; .. ~,-. :: ;;;'~:";;'!ff.J):r: 
n ... ".::- are precessing around the c axis~~ .ft<' "!T.:i'!.l':: -<-'[;--i" .. } ..... ;:.: ;;: . FIG •. _11 •• ; Plot of Inw versus InV for-the ~o Raman lines in."!.·-ti';· r I ',. -.::~::..:;~ .... .. ' ........ " -:"<- ',: '.< .:. ~J .~ '-.!' ::.'~'? : '-.~,; .. ~::. ,. ~' '::';::-:?"r-~.: .... the ~ pbasewhere the frequency ,w is in'cm:1,and the molar;-i;:-::·: . 
,I _ ~>r.~~. ,., The high-frequency' Raman line . coulq be. a two-phonon volume · V is in cm3 /mole:x, experimental points; '--. ·best', . . ' 
, i .-: .. ~' band •. , However, this is. unlikely. since both Raman liDes fittO~ straight line. ,.:--;. : . <~. _:! .. -:.:.:!?:t ::' .. ·.: .·. . ,: -: .. :.;.;~':.';' 

,<: '?:.have comparable linewidths and· strikingiy different tem-- . " :.,::~.-:.::~}, ;:. '> ,. .. : ,;\ .. :.--, - .~ , .. <¥".: . .. r '"; ,..- . . ' .. , . _ $"'" .. &...... ....- ... ~ , . - . " '- -~ . ' :'.~ · ":·:~·~~::.:;r.;;:'~··· . _ . .... _ ... .. 
~ ; I J . '. '::'-" perature dependences. Also, the Griineisen parameter .: .. :' ::' ., :~. .... . . .' . ..' ' .• . '. . ... : ~::;" 

I
~ I ".:::-;' for this line is somewhat smaller than that of the E

2r 
: . " ' . metrical line in the stretching region have been observed 

t ':-? , phonon and closer: to those obtained for the librational " . ~in .. the ~an spectrum of the i' phase.) Comparison 0(;-:: .. 
. ;' .~;_.~._lnodeS in the a' phase. - It should .be pointed out that the ' eXperimental and calculated frequencies .. and relative.in;-·, . 

1 , :;~;. ·· measured Griineisen parameter for this lib ration is, as '. tensities allows the identification of the low- and high': ' .;'. 
W, ( ~;:. '. in the a phase,. ~uch larger than the value expected for . .' -f:equency lines in the. lattice regi~n.,. as ~ ~d!1u :ib~::-: . :.--1 i ~ " "~ • a qu.ad~po~ar mt. ~r~,ction potential ~ t~e quasi~armonic hO~~ ~c~~.es, respechvely.. . - ':.~ . . " -.' .. '::':' : "_: : .. :. 
~ j ... .. approXlmatIon • . " .' '.' . .... , .. M '- , '~. , '. ' "'~: .. ' ' . ,- • • .. ' f''';':'>' ' _""7~ , .. " 

f ; I : ~:'_."" .. :.!,., .,';' : ' .- . c ': " "., ',' : ' . ... , ' ... ::;:.In.theaphase, .themeasuredGrunelsenparameters .: .. · 
I 11 .' . The temperature dependence of the frequencies in' indicate that neither the quadrupolar nor the 6-12 atom- . r i ! i '. ' . Table X was fitted to a function of the form giv~n by' (6). atom interacti~n potential has the cor:-ec.t volume depen-

i : I . . However, variations in the choice 'of the frequency at dence. The failure to observe any cOlDcldence between · 
! . i .0 0 K had little effect on the fit but drastically changed the the Raman and infrared frequencies supports the assign-
! ~. ..,. characteristic .temperature, rendering any results mean- ment of a Pa3 structure to the a phase • . , The temperature 

I i ~ "'-·.'-.. :Jngless. Also, ·rio indication of the ordering transition . dependence of the Er lib rational frequency can be ex-~·> .. 
" t :;::- 'witijout thermal anomaly suggested by Mandell48 has been plained if this libron is 'interacting mainly with a T. ;";<O;~:" ::,. 

r . il ~'.~·~ <: found. '. ': .. ' " . ___ .'. " . .~ .' . ', phonon through quartic anharmonicity>''The temperafUre . . 
, ~:. ,_ ;- .' . . ' ". ' . . . dependence of the linewidth of the E i m~de indicates that 

'\i.. ji H IV. CONCLUSION . r. an Er libron is combining with another excitation (possibly 
... :': ~i a Tr libron) to create a third excitation (possibly a T .. 

. , ., The Raman spectrum of the three known phases of sol.,. h ) 
. ' .. :" r •. ," p anon • · . . id nitrogen has been studied in the ranges from 0 to 

It! I:· . 
:, '.',' 'I' ., 2ea2ch° QKsaman. pdleQJ~l·C!.S grlO.okb·

w 
narw· 1.tAhinnOavehll'ghmepthreOsdsiuSreUsOepdtiiCnalthcaetll . Two very broad Raman lines are observed in the lattice 

. :-... 

. region of the fl phase. The low-frequency line can be . ". : 

> ill ' ~'~-.' .-y..hich constrains ~t to nearly isochoric conditi<)Ds •. This identified with a translational mode observed in inelastic ' 
'W .. ~ .. ~.~~·IP-ethOd all,o~.~ ~~~:.~_~~~a.t~,o~ :~f, t.~~,pe.ra~e .~~ vo:~ume . neutron scattering experiments. 7~ The high-frequencY :·~ .• ' 

: 'I (~'::~;i;~:'~:;::'~c:re~:: =~~ :~ig:fl~ ::;:,;,~ . '. , .• ::,~ ~:~:~:,d s~rU~a~~;,~ ;;~~ i.h~v:p~e:.;rc 
I .: .. ":-:--. '- '~ .. '; . ': ::' ... :. ".~ .... : <';/: • • ;c~:" , . ..,:-.. ". :- . .. :,': 'y . .. t.'-" . . ... . ' ,", _ . : •. ' . ' nitrogen molecules precessing at a fixed angle around : .~ ~~ .. 

I .... . . .• .. . . the crystallographic c axis; ' .. '.: - ".- ' " . , . . ~ '-.": : 
1Ii'- .:·c: ' T~~' x'. ;;~~~~~~ ·~:~~ci~DC~. ~~-:;~~~~' :'_ ' .. . r .;.: :~. ::. • : ..... ~.. r '.: .• " 

.1 I frequencies lnthe ~ phase for sample 4. ' " . :: 

~ 11 . 
l i i T Frequencies 

· !fI ("K) (em-i) · Iii -55--=----.---3-6-±-'-3--:..:.·. =/:......:.--68-±-3~ . . 

~ I 80 
II!! .' .102 ~::! .. 
j l: ' · 135 30*5 
H!! tr. 1 . 

170 26±S 

_. 67±4 
·:'67:1:4 : 

66:1:5 
66±5 
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