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1· . Raman' spectrum of solid nitrogen at high pressu'res and 
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H 1 ~ -... ~~ -~ '.The ~~"~~~ '~i~lid ~t~gesi" h~ ~ st~di:~/~t hi~ ;essures and low tempera~ur~ .d .", . : ~: ... ~. using a method of sample preparatioD that allows the 'separation of effects due to change of molar ., 

.<:'"": .. (Received 20 .January 1975) ... . - "" ~' .... , 

:1 ~ . . . ' volume and of temperature, respectively, Two lines have been observed in the lattice region of the i " , . _ .. , "- ' ' .. :--:._ . . c. ' . .. ' 

: ~ . '. c:.;' ':c,'-: ... phase "'h.ich are identified as E a and B Ja librational mod.es on the basis of frequency and relative ' ." . 
~ .' ': ;.,.:":" .' :~~ intensity calculations.. An asymmetrical line. has been observed ·in the stretching region of this phase. . . . . . .. ' . : . . . __ _ . ' .' ., l -: .:.' .::· .. ~;".i.'. :-:·. In the a phase. ·the measured GriiDeisco parameters indj~te that ' neither -tbe:.quadrupolar nor .. the 7: .: ~ • • :,j::,-; .;;.:,,<; ~'7;~ " '. :-. " ':' .. :' ... . ' : 

.~ ::'.,{/.\::~}; : ':-12 atOs;atom, interaction poten~ h.as the correc(v~l~ dependen~:Jbe.temperature ~r;: : . ; :::-;;:::, .. ~. ::~~'~::" :'~ '::':::~:;: '~ .: . ':-, i;"" -:;:!~-;:)~' 
~~ • . j ' .: _ . ; ' .• ~ . ependen of the frequency and linewidth 'of the Ee' librauonal mode lS ~proposed toJ~ due to : ·7r; . . ... :." • ., ._ ~ .. ~ :.:::.; .' . , ,,,' ; : "_ . • : ..•• :~. 

, '1 "':" - ~:: ... \r,,~ .~ ·h~phonon ·interactions. · Two very 'broad Raman lines'are observed ui the lattiCe .i-eiionof the' /J . '," :- :", ' '>:'': .''.f. ' ~'.: ".::" .: ':. ' ~7.:=: :'~::; ·: 
I ,~ :.~!~<\-;'~j~~:'~ phase. ,The low: ' and high-frc:q~ency .~· are ldentifi~ ' ~th tDnslational. '~d librational ~~~":;:." /~.:::' ,}~ ::~:::;;~ ~::~r~ ;~:,:~;;~~"-~f::' 
1 .~ -: :', ~:: ... ~_~:::. ~~ .~vely~· The obsetvations are consistent with a precessing molecule model for ·the .:S. phase. " .. .... ... ", .;- , ' " ;"..:;:,:" S:·-:'~·' .~:' .. :--:. :-:-'!~~"" -

I i~ ~~: :?i~;~~::~:~,::}, ~: ~· ·~;i~[~~i~!Y;:~:~~:~;~~~i.;~f~E~~~~z;:l%':; " ~ :.:.:;,~· ·~~t;J1~~1{?~~i~~~,iJ;.~::::~i;:t:~~Z~t~~~tf 

I I. INTRODUCTIOI\.i,:- ~:;;.~ .::~ ;" :;- .. ~ .' .- ~.'~ '':'. ':,- .,'. '. X~:: -- .~;-:... placed aIon£ih~ :c~ cli~onals' from' the'~~~~ oi in-~Y:~~-:L 
. • ~,,:::. C 'derabl '; -; : ':">rtm':' .. tal and' . thea' ·' ti "al"· · · k has' :0", version Elymmetry .they: occupy in the Pa3 stz:uc~e •. '>- .c:· .. ': 
l! ' . - ' '':' Onsl e expe en re c wor '. " .. ' : '''': ' ' ': '. '.' " . . '.' '. ' .~ : .. ..... " . . >:.' . '7 , 

i ... !.~: been devoted to molec~ solids, such as Hz, N2, CO" - The eXperimental evidence supporting each sti-uctur~ .. :.~'" 
.a! '~_-'~. COz, ~, and others • . These solids represen,t the first · is extensive. In some x-ray2.3·6 and electron&-ll dif~ : .'.; ,;' 
~1 .... step in complexity f~m the monatomic inert gases. "': . . fraction experiments lines which are forbidden for the·.·. :/i " 
~ ~ . ' ", They are among the s~ple~t systems where one can ' :. Pa3 structure were not detected. The Pa3 s~cture l~, . ; .;.-::. 
5 ~ .. , ., , study ~olec~ rota~ons" I.e., where one can s~y .' f~ther suppc?r~d.by meas~ements of .the optical bi!,e;~ . ::< 
1') : :,:.' the am~troplc or orlentation-<iependent part of the m- frmgenc~ that lOdicate CUbIC symmetry18 and the ab- . . ; . :. 

I :.::. ~ termolecular potential. '. Some of these solids are also . sence of coincidences between the frequencies in the . . ; ... ~:. 
; . ".' of interest because they exhibit phase transitions which Raman spectruml

9.023 and the infrared absorption spec-
~ . '; ': . presumably are associated with the anisotropic part of . trum. U-28 In other x-ray diffraction experiments1,',7 " :" 
~ . . the intermolecular potential. . " lines- which are forbidden for the PaS structure were ob- '. 
t. " '" -,- served • . Further supportfor the P~3 structure is pro- '. ' 
, Solid nitrogen exhibits such a transition from an ori- . 

f
A entationally ordered phase at low temperatures to a vided by the detection of piezoelectric resonances

27 
and .: '. 

~. a Ram. 2anS -.acti.ve lin,' e in, the infrar,ed absorption spec- . ' ... :, ..... 
t . . highly orientationally disordered phase at high tempera-
i tu Thi trang·ti has be h to be f .. ' trum, smce nelther 1S allowed m the centrosymmetnc . ' '; 
J res. 5 I on en s own rom a . .;"c" . . ., ' •. :, . 
l .'. ub' ~ has to h nal tI base th te .. , PaS structure • . Fz:om an analYSIS of the.lr data, Jordan· .... . . 
1" .' C IC ... p . e .. aexago ~p ,as e mpe:ra- ·.·.·. l ' 5 . 7 . ' . ;.~ :~,: . . 
. fJ >.'.::. ture is increased.~-l~ .. Another phase, the high pressure ". et a., .. and LaP~a and HaIIlllton estimate ~edis- .' .:" . '. n ':~ :~.' ~~e,:~th~.:~.~f.~~~.~to .h~V~: :~.~~o~. s~u~n "" ~~=t~ :e:~ot;::o~~~ti~ ~:O;:~:li~n~:~~ \;'. 
i 4 : ' ' . . '. ' .. ' -: .. , . . , ;.: . ':--- ", ''' .. ,' :." ... . :.: ever, the electron diffraction data ·of Venables and . 
t ~ . The nitrogen phase diagram is shown in Fig. 1. This .. E.nglishll can establish an upper limit of 0.05 A for this 
t ~ diagram covers the.·temperature railg~ from 0 to 200 OK displacement. ~ Furthermore. these authors argue tpat .. 
H .. and the mo~ l'olume range from 23.37 to 27.'81 cm3J. : the measurements supporting the 1'2t3 strucbu'e can be I:', 

ll -- . . :~;8 ~=~.#l;~l~:':'lj= =eeS:~e,;, >.,, ' . e;.~t;:~~. ·~~ .~~~~.~.~~~e ~~~ twins~~:~~ :efects.l.~ : /:'.: 

Ij
'" . different phases and isobars every lkbar up to 6 kbar,· · ·· . Finally, the stability of the Pa3 structure has been " ., '. 
". ' .. are also shown in this figure. This figure has been .s~ '. establi~hed using different methods and intermolecular :; :. 

. .- .~~ partly constructed from a similar figure in Ref~' 6. ' :"'<':,' .. . potentials. 2&-35 In particular, Goodings and HenkelInanu .' ., 
~ '. ~ .. . More recent data on the melting parametersl5 ami the:':'- : used .the ·Kohin potential,30 in a classical calculation of '.:' 
~i '. ~ relative length changes along the solid-vapor linelsof~ ', ;. the ~~stal energy as a function of the ~splacement of 
)ft nitrogen have been used to construct the melting.and . " the mtrogen molecules along the cube diagonals and . " 
~J . solid-vapor lines • . In addition, the a'-f3-" triple point ':. ' found that the ~west energy corresponds to zero dis-
gl of solld nitrogen used in Fig. 1 has been estimated from placement or, m other wor~:, the Pa3 structure. More · 
~. the results of nuclear quadrupole resonance studies of . recently, Zunger and Huler used the so-called 6-12 
N the a-f3 transition.17 '. . atom-atom potential and again determined Pa3 as the 
~: more stable structure. 

I .Studies on the structure of the Q phase favor either 
, ~ a Pa3(T~) or a P2,.3(T') space group. The Pa3 struc-iii ' ture has fo\U' molecules p'er unit cell with the molecular 
H 

j
l centers arranged in a face-centered cubic lattice' and 
fi' the molecular axes oriented along one of the four cube 
~ . diagonals. In the P213 structure the molecules a]."e dis-

Assuming the Pa3 structure for the a phase, two 
stretching modes of symmetry AI' and Tn and three 

.librational modes of symmetry EI" Tn and T", are ex­
pected in the first-order Raman spectrum. Two trans­
lational modes ~f symmetry Til are infrared-active; . 
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