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7: ABLE II. Correlation diagram for the (3 phase at the center- . 
of the Brillouin zone~ ' . , . , '. 
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. Samples used in Raman scattering studies are usually 
Molecular Site Factor group. . grown by-condensation from the- gas phase on a substrate. 
symmetry symmetry symmetry This method has several disadvantages: (1) Strains are 
D~1t D31t DSII Activity usually present in the samples during growth, leading to 
1:;(11) A t______ A1,(l) Raman (1) sample cracking and defects and the resultant loss of 

_ _ . _ ~;;.; ----B,,,(l) '- ••• : _.: ' , . optical quality; (2) the external surfaces are of poor 
',.- , -. -' . - , optical quality; and (3) as the temperature of the sample 

1r,(R~!lJ--E" '::, .. . , E, (1) '.:, . Raman' (1) .. ' is changed, .. changes in the frequencies of the Raman 

; ;::::~~i':!~~~: .:- '",; .~E2:(1.~ ·:{/Z "~':. _,AcoustIc: (l~_~~ , lines result from changes in both temperature and vol-
'l;.{T-)' . All' .-:- ".::>. .- B (1.) ;,:" ~~:""" '.";,d: ~.i+ - ' , '.-- ~:,,", " ume • . These- effects cannot be separated in a single such ' 

·:ji~~~~,~~~·~~~~~;~)~;t~I~\;;;i;0tJi~·~;: :::;:~~i~~~:~,~:·~'~~~:~h2;'l2~~ r~~die~~~·~~;j 
~io(T"T~E'~B (1.) · '·~·'"¢;; ''-. ,-. Raman.(1)_·,';:.;. :,:- "··· . ' . ' . vC' ••• ' 

:.::~;;};"!"~.~_ ' ,: . . .~~S-;$" .~ 21 . - / ::.~:?t?:-- - ',:,: .::::'.~~~;~£;:: ~e a.}x)!~~,~ntioned dlsad.~tage~~ . ~amples of solid. '. _.~ ~,: '. 
_ ... ~;:~....,.... . ( .c . :'.:"~·::'-!.h :: E,.(1) .' : .... ; .. : ... '. . .., . ~. -"" '~'!-"~~ '.:' mtroge~ are prepare-d by growth Wlthin .an optical cell at.' <' , 
~. ?{,!-=:g$.:::j-~. ;.,. :~~"~'q:~~~ ... :..:~ ::",~ . .:;;.{ ' :'"!;.: _i';;;"#i:'';;:: :""'c: '·-l::~.'FSji.;";~. ·· high pressure~ on th8. melting curve. ,_Samples .ar~ the~ -~:. , ' 
. ..;:~~~"~~. ;"," i : si'{J.t.:i': ·;('. :.:. , ;~;:"l · • .:.;~:i:,..;.,~:,;"p:: "i:· i"~':1:~'. ,;,:, .;":';'~'!.~ cooled nearly lSochoncally to the temperature-or ob- ... ;~ . 

• :;' ~,'J"=:,-!.T<"" . ' --, ~ . ": .. _~ .. • . - .- ... :-- . . --"' ''' ~ . - ... .... - ~ .> ... ....... ~,..,,_ -..,~.~J: .. !.... . . -....- -'. : .~.J--;;' 

; :-<:~:~~(o~> ~ .. ';-. ~n.:'.·· .;' \ " -,' ,·.N .; .. ,'<.; .; , ;:; .. · .. ·. :.;·~·.r;,:;~:.. ' " servatioIl.-. The optical cell is equipped with sapphire' . :--- .- ,..~.:'-
'~ . ..... :.o :-~-.'- - . . ....... ~..;..:~ •• - ,.. ' . ".f . ~lt.O .... ,-, ."!"t .,... .. ':.'( '.-' .M:': :t:'-•. t 9 . ' ''·-' " so. 81 .., ,. r 

. soli~iIiiti-ogen at ~i~~' tem~~~e~ and pre~~~~'s:~h<'~~: ~~s , ' so that the s.ample may be studie-d in situ :. ~: ' :'" 
. '-und take . 'th· ·th h f bedding li ht ' ... ' Wlthin Its high pressure Jacket. The method has been . 
was er n Wl , . e ope 0 s g on so~e .. , . d - ' lasti tr tte . a tudi 62,63 

f th ti ~ ' ... , ~. . ~ . " ". . , . :' . '~ " .•. ;-. ' ".' use m me c neu on sca .rIng s .es- of neon . 
, 0 · ese-ques ons. : 4

.'\:-, '., .'. ---, .. .... . ,. ~" . ' '' :-: '7' ~--:''. ''.-'' M . ' .. ", ' 
., .' .. _ ...... ""., .. . . - ~ ..• -" .... .. ~:;.,. .. . ..:;;_ . ..;- .. , .-, . '._ , .,;;.. r-" _.,_>_ •.•.. ! . .. ;. •. :-j-~" ~' : " and krypton. The- method has the folloWlng advan- d' .~. . ;'" 
'':: ~~~-''''~ ..).!.,.I ..r ,·~ i.._ ..".....'1r"' · ;.iiu· .... ~ .. : .. "! ',~ . .. ' ... - ,-; .. -, •• ~ ..... " :~., ....... :: - .... ~ .. -,;;~;;J~.t -.' •• _- ... ~:; . 

· :.~:.~'''';-':.-''.~:-' '. .'-" ,. ::.... . . .. . , ' . , .'. : ' .. ::, ' " tages: (1) The high pressure prevents sample cracking'; ,:~;.~. 
· .:::::,·:The-. experimentally measured quantities serve as a ·':," . '. ' . . '. .\: ' -" -il. ok. f th . tro" t f th . te I ular ' ". ' and the resultant loss of optical quality, (2) for the same -' 
.:c ec .0 . e, a,mso . plc par 0 8 · m rmo ec po-::=-~ , reason the external optical surfaces.remai"nflat and of .-
·,te~usedmaP:u-ticulartheory •. , . Pressuredepen~e~e, high 0 tical uality (3) the shifts of soectral1ine i 
studies can proVlde' a.sevare test for any theory • . This p q . J _. S w th_ . . 
'. parti'" , ularl ,--._ .' , t inf d' dR ' temperature directly represent temperature-dependent .. 
is. C y .u.uc'smce· mos rare an aman ex:- , anhar ' -If . and (4) ' . 
periments on nitrogen have been done- along the sqlid-va- . momc s~ . -energIes; g~~ samples of .. 

-line the . ti be ' th R tt ' ', ' different densIties allows the deterJDJ.nation o£ the vol- : por. , elCcep on mg e ' aman sca ermg ex- . . . . ' ' 
. . ts f Thi t · I tl ted 23 H . ... -, ume dependence of the Raman frequenCies which can then 

· pe~en o . .e~ ~ a., recen '!. repor. ow"":: .:.,. -: .~~-be compared to the volume dependence calculated Wl·th 
· ever;' these expenments were done at only one tempera-':"" . . . . . ' 
·tUfe ·3.nd d Db dro tati that ad . varIous amsotroplc mtermolecular potentials. -. --.:. , ~ , . " ;. un erno y s cpressure m equan-:-- , '.' ~. ',' , '. ,., . 'I 

titativa-' resui'ts ress . reliable. The present high pressur~ · .' The pressure generating system is ' a ~taridard re:i ~".= . ...: . 

. . e:itpenments are ~que because of the use- of a noveL"'?' search tool in our laboratory and has been extensively ' ~ -
. ,methcxl of" sampl8- 'preparation' that allows the separation ,- described; 65,68 . The gas tinder investigation, in this case ' . 
, ot_temperature arufVol~e effects: on the Raman spec- :::'::· . nitrogen;. is ·used as the pressure transmitting fluid. _ .:. ,. 

truIIii:;.: ,This is accomplished by constraining the sample Prepressur,ization is-accomplished by a 2 kbar air-op:~.· : , ~ 
_InSide-a high pressUre- optical cell and hence assurixig -";,~, erated pump. The main valve is close-d and the pres":: ·:· . 
:-thafth8 molar volume':changes only' slightly .as the tem~'~':-: , sure is further increased using an intensifier-with an . :~ __ .'.. ,: 

• '" .' '.. . . - ""!). , ~ • 

· perature-·is lowered~ ,'~ . ....... ; .. ,' ' ., .: .' :- .. ,, :~ ;-:" _ ~,:-'i. ;'.:,~ - ;,:;::;:;.~" " area ratio of15: 1. ·.5he intensifier piston is driven by''':'<: - : 
;.~~'1,:;:~0~;:·?., · ;:"~~1~.~~~~ -~;·:·::':·r. ;~~.~.~:':'~;,: I.,:-.!!.-;::o3;:ff-;~2~~-::'> a hand~perated oii pump. ;.The pressure is b:ansmitted " . --, 

' ;-:~-;Ii~~"':prese~i~~~the ex:perim~nfal ·~liIrlq~~<~~d=.~ .;" to the oPt,ical cell aDd preSsure 'gauge ~ugh hard .. ::: S·.',. ~'; 
'~;ilrob'tainini Ram;m:spectra of the three known phiSes~of~':' ' '. drawn stainless steel pressllre' tubing., ' In this minner .. ·· _i '.;..:' 
,-,''Solld-mtrogen are-':-described~:'-- ResU1ts forthe ·· three;~::~: ':.~ ::S.: .. : pressures of 10 kbar' are easily' reached. = Pressure. is' :'.::',:' . 
. · phaSes'are : preseiit.ed;~·~ ciu.culitionS 6nlie librati6nalY'~~'-)'~:.· . . measured'by a high precision manganin gauge construct- .- .: 
~ fre-queneies, andielati~e intens\ties are.. compared to: th';L':1;:i ed and calibrated in~s laboratory. 65.- Pressures mea~ ,~ :' . 
". 'eiPerilnentalresUIts:-in the y phase.·~ The 'Volume de"::S*-~'~:' sure-d with this gauge- are estimated to be accurate to .. ,~~ ": .. 
':" pendence of the RamanfrequeI).cies in the ~ phase is· dis .J"~ ::·· better than. 5 bars ·in the- 0-10 kbar range.: :-:" .. :,-· .. : .. -;,.:::",; .• ~)'j:~:·~ 
." • -, ' - •• " - " --=W-;:'-~-:='---=--~-;'~~"=~_ , • .:_-:.-.:.o::-=...-:::;::-.-:;."~_ ::-. -. _ .. - .. _ _ " ____ ~_._ ............ ' 
',- cusse-d in relation. to the,form of the anisotropic parloL,:".;: ;~', . " ' . . ;' '. . '. / ".- " ,, '-. -----,-. -:',- ,-, --=-""""!' .:.Y.:;--,' 
· the 'inte' le ular ' teO tial -thi th te t " f th ,' ,,,,:;-,.'.:;,.,~" The high pressure optical cell use-d 1D this study has .... ~ .. . · ' rmo c po n Wl n e con x 0 e·~ ·'~;-~-;·'. ' . ' . . '. -

, .. 'harm , " 'ti Th te atur ' d . " "-:. ~ .. ' been deSIgned by one ,of. the authors (WBD)and will be ·· " .""' quasi omc approlOma on. e mper . e· epen--;- ',: :' ' ., . ". 
d . . f th R tr· di d . lati t " descnbed elsewhere. It IS constructed from maraging -.:: .. .. enee 0 e aman spec um IS scusse In re on 0 . ' . " . ' .. 

th ub· and ti anh . te 'th H ' 1 " . steel and has an. estimated bursting pressure well above ' e c iC quar c . armomc rms In e aID! - . '0. • • , 

to , f .. · ... b ti t tm t f th latti. "d , .;- -.. -. 10 kbar.--~t IS attache-d to the cold fmger .of a cryostat 
man 0 a per .. .u a ve rea en 0 e ce ynan:ucs - bl f ti t Ii 'd h li te tur ' . , . capa eo opera on a qUl e um mpera e. Two 

of the a phase • . Flnally, the Raman spectrum of the '., 'J' : di ti hi ld d '1·_t la d . ' . . .. . . ra a on s e s an a vacuum Jac..... are p . ce around · f3 phase is discusse-d and Its structure IS Identihed.,· · ')"~ " th 11. . e ce _ , .. 
-:'" -" ~ ,' . . ,,'. 

Preliminary reports on the Raman spectrum of the The temperature is controlle-d to better than 0.1 OK 
')' phase and the volume dependence of the Raman·fre- '",· ,· by a Kelvin resistance bri.dge arrangement having' a tem- -
quencies in the a phase have already appeared in the lit- perature sensor as one arm and a variable resistance ' 
erature. 58,59 '-.'" ' --':' . • " , .. ~-",;-,=: , . as the balance- arm~ :. When the bridge is not balanced '. . ' .. " ... ' '.' .. " . ~r·~: ~ " . . .... :' . .. '. -. :. ,.,' ... : ' '~ '. !. :-: 

· ,./:.:::: .,~>.:} - 'J ; Chern, Phys:; V~I-; .64; No.1. nan·~ary 1976 , '-:" ' . ., ,.: . 
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