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tropic dispersive and repulsive interactions having r~ 
and r~1Z dependence, respectively. The atom-atom po_' . 
tential consists of 6-12 interactions between nonbonded 
atoms. _ 

. ' LLI FLUID Quantum. mechanical calculations using the quadrupolar 
5 interaction potential give the best agreement with the 
:I . measured lib rational frequencies. u-u Monte Carlo ", .... 
:I ' . . ..' , studies of classical free rotors USing the quadrupolar In-

.::~ ~ .~ .. -.. "" ':. , teraction potential48 give good .agreement With several 
~ .~::z 2 :'-; ~::.·'r.~-:' experimental Cluantities • . However, a quadrupole-indu~ed " ., 

.·.:~._:.~:;~; .. l_:.~.~,,"-.·;..·~_,·,~,,·:-, .~~~.:,' .. ' ,.~.".lt.-.~ __ ~. -.J'~' '.... _ '. . . . .,~, ~,~ • ::~;:!~:~E~ f:::::'=~~~;::-),i: 
::c_:c-~. - ' ¥ ,·.:£~·C :': --,"-,-,'. ~. " . ~.F. I '~':i. ";:e:::§; '~;:;~::'--"'. -energy and the measure<I sublimation energy 30,3$ Un-", :~ ;.' 

U"",,-Il S "x ' _-....... -" -:. --~.' ~ ",,J' -:'~~ ":: '''-. 35 " • .'-,-.-..-
-~.::2.->" 2 ,..-lI- --1(--- -~ '-... .:..'-:: ....... '" "<:!!' ~ ,If:!~ !q:·,e.~-;?-~:.:··-... :- c, fortunately, ' classical . and quantum mechanical~$ cal~ .~'-::. ~ 

~~ -~~~ ,. :~ ·.'~~t~':= ,~:t::::~·::~;,~i::~:.:;~~: .. ;~:t ·:~~i:~~~:2~ ·::n:~::_:~h~ K~~:~:~0~~~~~~=:~;:5_ 
,~.-t~~? '':~ '- '' ' ~":" ,' --:;'~~ +' , • • :. . " ~ ':; ,< ~~ .. _._ I .. ':--.,J;..;.;!:,.;.., ..... : . . the me~ured frequencies, respectively • . ~ The general: ~~,";;!._ }ii ;,;.~ ': . ':~16':<' " '.' . ~4,·:_.' . _ . )~:~:;:~:;-'-!: ~~n;~U:~l1o!St~~i!::t~~~~:~: ~~::~~al"':' ~~~~. 

··!X~t2 . ,. ~ :-. 
.' ~' .-L~. TE1'~.GOHAI.. '·7 '~ _. _,' . - -:c" ' . are-incorrect. 45 ' . : . .. ~::: " - - - . ~, .. ,: - • - :.. .... ... " .- ,-= . 

. , ... )~~ ~~.S[ :- 1.: .... !._;.:;~. ~:....... .... - .. ~~~:'~~_- ,.' ;:'" : -~:: .. ,. . ... . ~ . ; :..: ~ :. ~~:.: .. : _, _: '- :: ' ' -:":.::~:' ::::~.:~: ;';." ~ ::;~- f~~-:~_ 
-);i?.~ :~: -.--x~·- X:-:~-=::-lC---~X"':---x:- . -: ... : ',.: ", .::,~"~:i:~";~.: '. ' -":---Theatoin~atompotentialhasalsobeenUsedextensively ' ':.~ : 
;.~~o:. ~ '" . _,, ~ ' .. ~', ... ''': " .", ' ... " . -~~~:C:':·:~· .- . · : . to calculate librati,onalfrequencies and other properties :~~' . 
. '::1~:i\f~i:~~~ .:~i¥i;~~;~ TJ- Kj' !·.;:::~~"~;j~ ·{-~:'/~;~~?;}g~:~p,-~:: : . of the a phase. 3 •. ~.t~U.~M9 Thi~ potentialhas yielde<:l, c. :~~~: :' 

-::-':; FIG~l-;~ NitrogeD..pha.Se diagram pa~ly reproduced from Ref.::' .. good agreement With many experImental .properties. ;~, ':~.' 
·::.6',:ax;i·more recent data from Refs •. 15:"17 • . < ... :"'.:' .. ,: .. ;.- Jacobi and Schneppu used a 6-n atom-atom potential and ' .. ! 

.... ;*~~'; .:.~. '_-.:.~L~_>..~::.~.:.'::.-_~.: ·'~.' .. -. ." ,,: ~,.' -'".'- '. , . . ., obtained best agreement with· experimental properties " . ', 
: A~~~:.:::~' . :~ ... ", .,"J'::"',:'; ' :' .: .. ;"" <' :" for n=9 . .. ZungerandHulerllhave studied the effect of : :.' 
·.::::CoiriCidences between Ranian ind infrare<t frequeDcies zero-point energy and complete relaxation of forceS and 

.'. ~,~ ·~~,~.~t allowed. ~:rhe Raman spectrum for the a phase ...,i~ . torques on the properties of 0' -N2, while Raich, 'Gillis 
. h:·!l_a~peen measured by several workers. 19-23 who ob;' . , ;.' and Anderson49 have studied· th,e temperature dependence 
._.~~j.~_ed lib:rationalf:requencies which differ by as much.> of the librational and translational lattice modes using , 
j{a.s.:6%~Four lines :have been ob~erved in the lattice - "'> .. " the self-consistent phonOn approximation. Although ,both , ,': ' 
• ",'.:- .• • ". ,.. • ..... . • • •. . . -. v ~ 

. -*:;t~giQn: -Three:relatively narrow lines which have been ' . studies .are moderately successful in fitting observed : 
~-:'::' ~SigDed..to the liprational modes and a very broad pando " properties, the authors conclude that a more complete : :: .. 
{.~a.round 80 cm~~~ ~-::.In the stretching region two lines,with,--· .- potential is needed. More recently, MandeU50 proposed ' 

-' ~X~;paration of abOut 1,. 2 c!1l-~ .have been rePorted. ~~:\.::;~;i :'. ~ an anisotropic i.ntermolecular potential consisting of a ' 
·:~:As:. the: temperature: is increased from below 20 OK to:~f; ':'/ sum.of inultipolellke interactions and concluded that terins . 
~. ~"! ..... . ~ ". . . • ~ . . - .'-:- .' .. . . . 

"',\'?justbelow fu.e,. a-jl. transition temperature. the libra-~-;.,:,' .-- of hexadecapo~r symmetry playa, significant role in ' ~ .. :,,' 
·-~~:'tio-;Ufrequericies.:decrease. by as m~h as '15% and the:'::.' , the orientational properties of a-Nz and that these terms . ;;" 
... ;jj~es. broaden co~derably.19~Z~~ ,This temperature ~j,; < __ .~ .. are we2k in the 6-12 _atom-atom potential. Another :,.- ' .,-:-.... 
. ~~!~~~e.nce, o~ ~~*aIn:m freq~~ie~ and J?lewidthS .:~:~),:;:; .~~z:itic~m. ?f c~cUlatiO~ using ,the atom-atom potentiai~ : ~.~~.~; 
:,~~!:s be: a.scnbed .. ,to·anharmoDlc1ties-.:-.; .. The anharmom.:,;::~:;~,:~~ , IS the:.lD~oduc~on of a ~_new {larameter •• ~ . the bond length :; .. 
~l~~es. resultfrO~~e' librational a.oo · traDSlatiO~ .. ~~;~:~,~.~( oftils",mh:ogen inolec~e, ~hich'can then. be. adjusted to . >~~ .~.: 
"~--aampiih1des ... ::The.aoomalous. increase,in the-linear, co':;. ;,:';~-::-:;: give he"st agreement with. experimenL ,f·:~'l.-. : ,:' ~ :':, ... ~_~::..:..\~.,;;:.;: ,: 
.. ~~-:;';ifidimt of uie'rr;·aj..eXpansion1~31: and the' heat' cap~lty~:;~?;~~'~:T~t~':"' "-tru::;; L:": '~of";":"th';';~ hi"' :gh!'-:-'" ~ -:-" ' ."" ;,: '?::'has' ''/;:'' ~·: ;'t:t::~ .. -: f7r:-
'.".7=:'!--:--~ ,. --- -- .. ~...., .~ ". '---.. - -- ., ... . . ... .... '0_-- -'- -- :_~"';:~ "i,-':.' ~ S c~u..<-e e a .pressure·'Y P e 15 e ... "'50~ ~·:!-·~ ' 

;,;-,and:;~· temperature,dependence of the-nuc~ar:quadru- ~;/';:>:;-;' '' nal-' ' ·th - nA I (-nit) - . and two' . ... .;..> 
;;-,;-...."'--.;-. :.:"'-'. . fr"' -' ...3i'h 'als·· be ' "-" bed 'to' ·".-; ·· ,,..-' .. 0 ,Wl a:, ~mnm.t.r-L\ space group mo1e- ,) .... .-.. ~ .. :c·~.-·,-'::: po __ .resonance equency ave o · en ascn .~~':,:":-".~,,: .. - . 14 - . ,~'::-:' 
:~~·larg''''rj:':':'''li' ' b ti nal' ,,:-.. Ii....:. ... · -16.39 Th ' .. - . lib- 'ti nal" ~~~·,:::, ·:·<·· cules ·per:UD1t cell. . ,'. The molecules are arranged In -'::":->' 
"".'- e: ra 0 amp . ........ es_ .. ;. e rms ra 0 "'·'<·". - ': ·la - ·th th 1 ular ' allel · thin -- " i c. ':'~f--~ "'-' '.~ .. . .. , . . ,."-' . , " 20 ._ . - ,-.. ,.' - '.'- ~:.~: :: ~ yers-Wl e ~o ec axes par , Wl a layer ',: :,:: ',-
. i .. amplitudes calculated from Raman and nuclear-,quarlrti-.· '. d M"'; ul . , ad' t la h' -. '. :'::', : 
-. : ..... _... ",.... l-da' ta" .. f 14° '" t 16 ° to 190 ,".-.'. - an perpe ........ c ar. 10 lacen yers • . as s own In .. ' .--" .' . " 'pole--resonance • range rom, . a K .-:,:.:-. .•. : _ . _. ' .' . .:.. ' ... .. 
;:;,:' .,- _ .1 " . 'n - te ' _h .. :.: ... ~'-" ... -::;.~::;:' ,,:~:".:~~~"'" .. Flg.: ~., :::!?r .a molar volume of 24.09:cm3/mole, x-ray :.:~ .: I 

. . -. near.the a i3 tran.si on mpe ... cu.w.e .. .. ----\., .. " -..... : . ~ .. ~ . '.". ,- diff ti - . t .. latti tants 3 _ 0 . 

::~';::;;~'-::--:-; ,_ , .. '~·::.'·I·;~'-'·""'_''' ';' _'''::· ''' ' · - ''' ·'' ; '''·-;-O ~'''·:' '.-...:'..-;.'''\" ...... ' .. :~.-:' rac one~nmensg1ve ce.Cons a= .9:>7A· '". 1 
,:' .. -f~,The librational frequeilcies in the a phase have also · . . and c=5.109 A. ~~': Thecorrelationdi.a",a-ramofthe yphase , 'I 

. ' ,been the subject of an impressive ' number of classical :- at the center of the Brillouin zone derived from group . I 
.~.: and 'quantum mechanical ,calc~tions aimed' a~ eluci- '· -theoretic~l c·onsidera~0r:s51. is shown in Table I. The . i 
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tials have been used in these calculations:quadrupolar, . are separable at the zone center • . ,:£,wo ~tretching modes · 
Kohin. and atom-atom j.nteraction potentials. 'the quad- . of symmetry Au and Bz,~ and two librational modes of 

. rupolar potential has an ,...5 dependence on the inter- symmetry Bt, and E" are expected in the first-order :.. ! 
~:: molecular distance ':',--:. The Ko4in potential adds aniso- ', Raman spectrum .. One translational mode of symmetry . " .! 
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