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THE VIBRAT.IONAL R~MAN SPECTRA OF THE '>1 SYMMETRIC HODE
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< ,», .The pob l"hed or fsotrap1c'cont rlbU tfo rl5 to the tOt ally s),nl'lll! tric '.'. _. - - - ','.
('1 ) Vib;a;:1c~nal Ram;;t\,spectr~ .of llet~.ane ~nd .~" rbo n.' · t~ir~ h:~~~ de we rt'

ll\easured In t he'li quid phase a1ongth~l1 qU ld ~I pour co ~~ x,lst;n~,e 1t n~ '~ :.:

. ?~' ,tr'tpl e ~'~t t~ , the ~r~ t.;~~ 1.. Pof~t ~~ : each cue").t~.~,tlon "..~ 'fci~~s ~~~
.:,: ~ ~ , thre~ , P ~I;C?l.P~~ : charachH st.lcS:Of5~_~~l f .i:O~P~!n,t .ipec~rll ~ ·O } the . 1 i.~~ "

.r ".. ;::' ", ;:'~~:,.:;·~· i~,::::i)::t, ;;;h;:I,:·,:::D;I;(::':;;P:/:~~t:~e~:::;:ed~ : '.
~ , ''' ' ' ; '.',;:::' l.n,' th,e J l nl!· . Sh::pe; ~' ,:L\g ~,~ . tr~ ·A~: .. '1 0~ :: 'l a, ~~r" I I) ,c.1' d~~:~ : on the' Sam~l e t~11 ;::" ::, : \ .

.,': :' .:"' ;.,.' · ;:di:~:~=:ri: : ":O:~:*::;i!:';; :: ;::;~:g::h:~:~:~?!t::',:~;:~ted ;

..'~'~.;-~ ..." pra.e~1 ca ~.~ :c.on.~t.a~t~~:,-~,~p~ .e. ~~,n ~ to ~.:e bo~.1 .1 n.g '.pd i,nt a.~~ . ~: ,~c.r~~~~~ . · ,­
,.' ..t~ ?he bo~ 1h,~:lnt ~nw ll~~ to, th~' ~r~,t ~.cal. ~1n~ . "Wh.n~ . ~~~,e ~ ~. .u.rb~:

;~' " ·t&tra'f lllor1de the ·l1 ne ~'dth ·ts- .a~'i_, a t · tr1 p1e pot n t· · a~.d ; de'crea ses ~p tc .

. t~~,~'i ·l ~~'~' , ~f~t· ~~d. I~i;~~s :~~1-~S :: .~s~ant UP ':~ ' ~e·'~~Ht ca1 , ·~(~i : .· .

" Tt:e"obserYed",varfatlon in l1~e wtdtti 'c~n be·upl. ,n"ed on. the basts 'at"• ., -:.

'..'::.:h]d,~~1+1:~..t~~~ 'o'r,! ~b~~t~:,~ ~~ l " ~,~~,; s t~g: ~d~~~: to.-'~ ~ .~ ~' :.~,~d , ~~~~ ~~~ .'~~>~~ :./;.'-.
, t:ehthe) tanaa n freqlJencyshHt-ha.s. b~~ "f~u~ d to ~ n l"Y 11~f!~ rl.nl l th ,.de~s~ t1 · '. ,.

J, .....i :i~t~7~~~i~t'r~;;:~j:j;;':~;' ;;
1;'·':::' ';.; "
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I : exp ress m, sense ,of deep 'grat 1t ude' to Drs . H : -J ~ Cl outer and . : .: , . '

. , , ~ " ",., " " ' " "'. ' : , ::, ': . " '.:: ' . :, ' ) ~' ' .
H. Kle::te "~o r- the~ r: gutdance '.!nd valuable help .1IIt nery, .shg~ 01 this wpr~ . ··'1

." anI als o verr "much th~nUul to lIless e rs. : s ..~ F.' ,Atnlad and :it ~ ',A1 Lf~r j eee use,f ul :

. ~ ; sc~~'s '1':ori ~ : , ' .: ~ha nk~ ' ;a r~ ~ l' s ~ due· "to H~':,,:: J": ~ ' ~~. ~r~~~~ fO'~\1 ~' hel 'p ~' ~pre- I .
. '. / ....

'::,". .; "': '.,- .: '.' <~, '.. "'; '.;:,~ , .. .; <.~ .,-:.. ;""'.<" ,. ;":, :'.' ..... .:::.,.'
.~' ' ..»,.:f. • ". ' : ~ ...' ~T~e ell cell~~ t ~o~_ .~~ : t.'~t ~~ t hts :' ~e~~ s . ,~o eff~ci e.nt~ y, tIn ~~r,y\ .

:'.' ~: . . :.,\ hcirt:, tf'; by Hs';R uby RYan' t; g rea tl1, app rechted ;' ~ ' .y." , ' .

.,:~ :~.:~ .~. ' ~ : ' '<, .....,:-... , ,;;..', ~ . ....:...~. ' .,~ .:~.. ~,~':::" .;.. .. ... .... : ~~/.;

.', '~ :.' :.,:. ;:.:.,,:!. ::. .... '. . ;":>':..,;nro ug~,~ ' thts · .r~sei.l"C;ti ~!t. ;· ',I ,w.i·s~pPO.rte·(b)' ~ · FelloWSh·~ P and· \' '. '

. .:\ .' . .l (te~~.~'~ng · ; s·S. 1~ian~~~Yp.~r~ M;~~.~1 ,~ t ~ l! ri ttY "Of~ ~e~O~~dl·a~d· ' wtI t~·~:· ~. :::// ~ . \ : /~..'..:'.:: .

::.+.. . ~' : : ~. ,~~~.iefUl ;l ~..c~~~.! e~;~~: ~'.M( ':...-. :.... '::~ <, ,:".~ .... ):;.'
" ..': .:l:~ S ~ ;: b.ut '~~~~ ;~·h:. :'~ :e':~ ~ ~ · · ·i ·',~. ht:9~,~.~ ·~ ~de·'~ti,d·\~ ·:+·~a~:h'e ~./~~ ·, ~:I S , ':
const ant encour agement 'aod sUPp?r t .' ~fthou t .whtch this work wou'd ' : h a~e , been.

"'" ' , . ,• •' ••1,. . ..f
..;,.,







.,':;""CY:: >""7 r:7/' J ' , .~.~. ~-.--. \ ' 1
,. .: .~ ~ . .. ", : .:I ..~ z - \ .

.".l . v, ~ ' .~ ·l~~'nt~~~1n9 ' ~owe.,.el". 'f~r t he PIl~t i Clll ~,: · ltqut ds •.s tU (i1 ~d ~re
:"j'. '. ' ft 1~ ~~lu'tfed1ha~ tMs ·-echanlS. 1s only of IIt nol' flipOrtanc~ . A br i e'f '

" ) • " .. . r " . ," ' - - _ . . . ,
<-f' , p"~enta t1 on of jt he argument ,s hidi ng to tbfs co ~c J lIs f on Wi ll n.ow be ghen.

, ~',~ R:~n Q..~:.~n~h · :o~s~s ~s of. ~ ser~es of cl~~ e \( sPl~ed .lI n.!s ~ce-pa~S lng : '

t tle ..cOllpl ete set 'o f rot at tonal states of U p N letule. · In lllOst -:llec ules .

th~ _d ~ ff~~~~e -~~~e~n ' B~·. l~d : ~u· . [~ere B~' .I~nd Bu· a r; '~tie' ~utt~n~i '
. • '. _c.onsunU , ior"'the .,t bf'lifO~ll· ·h-.,els- .o·' Ind U~)- 1S SO, SIIl41l;t hat -the \tnn . ~ .

· ", , -'. - I -,_ ,"' ··· :.. ,-r _.-,.- ' - .:' ". ',: ',- '. ' _ .
, '" , : ~ " .~" . o .~}~e _ Q , br.I~ ~h: ~i~~ be ,reS01 ~.e.d. , e x~e~t , ~t . : ~~,~y l.o.w d~nS1ty : be.c.~use Of : , ' · '

:.'!•.••...,.•.•...,..' ·· ;,,~.•!hi~ '~~· ':=~:.:::;::;:~:"I:'rh;;::':;:~~;:;:,::~:'j::::r 't ·~" b).' ~ ·. ··~. · I!'
~:r:: ~ .; .:.,,::'::{':':':::"foun:d,' ~ha.t ', th ll 1. , "~ 1I · 5 tat~_S"/~' ~~~~~'~~ :t h~:', d~n ~ t ,t~ 1$ ·~~_r_th,er ' ,.f ~~,~_~sjjd ~ : '~ ,' , ..:,':

._,... .: ·i i;':~~ 1'~-!:~_ ::,~ ~1~ ~_df~t ;~n..~~,:::~! r,ry~t:n~; ~~.~.~' ~.~ ;:.P:~.~~: t ~~c.~.u~,i:'.~ _;:.th~_: _ l n.t.! ~~:ii~~;:· :':'"

,:[.',';,:.:;' .. :::;:~.::'::J::;;~'i;?':;'~:;. ~ :::'~;h::.:::~;~::~~:::·'::'';::;:if::t ' " ',:. ':
::r.' ,.' : "d h~:" h1;'th~: t;~. f~; lf:t: ;:::' : '~.~1 ~~ I~" ) ,;, J " " . :

. . "1'" , :,2 (OOJ,r I... ,d .··· -, " (1.) ) . ,

r' <.•...':':'. :".:::;;';~:1~:;::.r.:::::~?;::;:~~::,;;:'~;2, ~::~::~71:~;~ :~:,~' ,
.:::.,:' V1 ~?tt.Or~rotat1 0~ tllte~l.ct1on ··c~stant • .ae·1.S th~ e~.U1_~1brt UII. _rotat1~_nI1 · . , .

.-j .~. , '-\ :~..';' :c~~;~n! ~-, ~:H·th~: · ~.lt~~~ ·'~_n!~_n,t· __~nd, j'~ ~ .' .~ ~_~. ·i.~m-p~~~tu,re :'~~ f7~·.~;~1~ 1 0? ~ :.,:....~
" ,~ ·CLl't . f t~ f~ : , ~~{de~t _ t~:"~ · t h~ wtd~h _d_~ ~_re.~s~~: " ,'_d~~ SHY., tncreans: . ',At ver1 .,: ~ .,

, ::; i~~~t1;ffit;;;~~;:~~~~1[~~~U:'~ .:
',' '. . ", ', ;- .; -. cr ,Wcll" po1nt : ::At ·77.,K.t hey found. t he \l1dth t o' be 2 , GHz ~"_ Brueck' n.?71l .".--, ,

r.
·· ;... ,., '" I '. . .., , •

:~" } ' ~. ' ',:".', ..., ' ," Iia~ Cllcuhted \th~orett~ll!~ ,~he line W~d~ contr1 ~ut1on ~u: to .a~ t onl l'. • •

"J,',}:~ ;- , : ·;::::7\~:)· ~1.':::i ~',·~1.;7;"r;' f'l'7;.'} .'" ."'),; ~;·'::P'F?,i-(::,:,'t
. .. :- :;'.: ... '. ;--'-" · ..-L v., , ' _ ., ., :~, ,;.,:-:.;. ~"- .;:--:"_'., •
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fra~t 1 on 'of t he tot al wt dth 'of 2 GHz. T~e~far~ , i t: t 's clear t~~ IlOt1 0 ~ ~1
I

' I
narrowing ca n ' contr t ~te t ci t he lt ~e 'wt 'dth u~ , t~ ~e'ry ' hi gh de~s f t ; e ~' . · ,1li s~' , '

', ;

' . 'l1QUi dS: On t he other hmnd ,t t appurs , t ~ at .o~foni~· · '; a~f.owt ng '.~' not.,

cont r i but e ' i ~~ f1 Cantl:i' ~n the c'ase of t he tota. l ly synJletrf ~ ~ v1br J t fcnal .

lIOde .of ii qu~" CH. " The rea'so~ for , t h15 can be 'a ~t r t butl!d 't~ t he ,al lJ~ ' ~;

~ ( see Eq-. 1.1): . .: Hi- o}' Is (0'.'0187)2 ~-2 '(Tar ghese: 1967) 'and fo~
CH4' 0/ 15 (0.0034 )2 ~~2 (Jon~s. 'i ~;z ) ~ ..Th~~ h ," ID ·.thl" e. tiie · Q '~~inch . . '

~·:::;::',:::,7::' .~:~:;~:::;:;::f;:y:h';h:n'l ,~~::!~:;':f:r~I::L, ~" ,•....
~~e o~ CH• . ha.~ been ~!~s lJ r~d b;l~ em;nt$ (l ~72 ) \0 be . 9 ~ 6 ,~z ~t,a ~ d~n s, l ty '-.,:

·! ::d:;7:;:::;::tth;:'~::::k l ::;i;::; ~~:::, .it{:~:; :~T2.;:;~:,:;;:;. /.'
: :s l g"-tfl ca" t ' r~,~ JJet~an'e : ~,t" .~tre ,lIIUch',hi9.her: dens ttfes ':,t "valved. ~ nthe present 1'

~~ ' lfO r~ ~nd:~ i ·~ , , {" ~'~t , ~ 'c~~s i ~'~d~f~~~th~/~~:': ">;/":, ..' . '." ", .,':':'. .."

, 1.2 ' ~:~~ ' ~ha~~:!~'n~~'y~ ~,i~_ ; " . ::.~,,>' i:<" ,\"
. " , . ~ " In ~th~:. ,~·a ~~ ,shaf . p~bl e".~~e!.: .t ~ ~~t f1C l ~1e . :. S ~,Udi· ~$...e~,~~t~~~11.y .:

. VIe responseof I sysUtl to'aft exte rnal , fi el d whi c~ is weltl y.'couple d ,to t he >~(

,':,.:~!i,:;~:~ f·.:::::;;f·f~;:~,;~:~:-2~~;~~~:;.r t::~;L.,.
..:'.C~~ ',_~· a,PPl1~i,t~ lIIe iS~U-~ s P~~~.I ~ . a.~d>ilDe .~.~~~~t ·~O.71,i~.t~_,' '.un,ct.i ~' .~ :_.~ .~. ':.1.

.'.h lla:", ., pect roscoP1 'h Ut~l~l!~ to ob~e~e . t he, ~a,1lI1 cs ~~ :~1br~t10.na ~. energy ',' ;. ;'

. :: t~~~~ ~~r, t ~ ' ~ ,. l~ ~~~ i S!~t:II(v1a ' i~e· ~~ i ~~'t:1~~~l ':.~O;"~1 ~t!~,n ~~·n~f~~ ~·::~~;.s ·>
. : ~o~re1a.t1 oil ~ fu rictl ci~ : h' obt.1n'ed byb e-' Fourier. tr·'~sfO~" 9:f "th~ '-1sot.:o·pIC ..

~~~~~~nt ~~'~·.,~.!:b:~a ~;·~,~'~ l ,. : ~~a~~~ :· ~;~~I~'~~~e.~,J~..~~~ '.: ,~~~'j~~.~~;b!,~~ :'~~nt~.~:b'~;;·O ~ s·.'..:;,;..:
f~om p> ~he " . ,os;~ ,0 t. , ~~,se : ~oh e.r~~,ee ; lI~d. ,;( 2 .~P~~ulr~t1 ?,n .~r..e~~r~Y.,

. ··: r,ela.xa t 10n 1nv.ol;,,1ng : he; part1cu~ ar ,e xc ~, t e d · ~ t~t~ . :..The ,· Ile~~~n1s 11 of 'de-,' ;'(. · : ' .'.:

';.: ~. .. p.~as1 .~ ~ •.f~r~~ll.~ ~,?~:'. gas~ ..tf ,s ~~le.~:, .~h.;~~, :f~~ ,,~ : l,~,q'U f:d:.',:;:, ba·,·d l)~t~,': . ~a~, ~ ,;~t ~~· .
,-,.' Vi~ra,t~o:~ a~ : ~a'le , funCtl O~ , ~,~ a ~~~cU,',e ~.n . be . ~eStrtb~d by lts ~ ~_~"~~"Sht~ . · .

~:'> . ::,;.~ , ,: ...".:., :;,~ ':,>,.<_a. ~~ :~:~' ~~,e( .~ ;·{ ,~~~ a ~~,.~.' ;f~~:~l.~.~·~ ~ <~~~..~,~ ,~, l.,..,.",p~ " ~~'~~~, ~{~':" '.~,~:',~~~~~ ~,~,~ .;~·-:r~~ ~/ " :'~ " .",' ;:~' .
>~~'l <~..:;; ':'" ~ "..:· ~·"L. ' ~.. .- ".. ,.' , .~:.:>'.<.:':' .: :: ·:~~t ..::.,, :,; :'-:-- /'~':::'" <," . ':.:,: .-'- .

.:~. ',~ . .rr:« ~':-f":;:~'7:::-: "';~~ ~1.· :: f,:,~t'~'~:~:::;P:i~'~~; ·,:• .-.~_~:.., ~ .::.. .'. ,', k - ,~ " .
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t)le 1 ne1a's:~~ coll is fons' to pOPllla tton \ ~e1aJatlon . i/~" dt'l u~e 9a~ . · ·coj l'~~~"c~r
/ . , .', . " ( " ' . " .: . " . . " . ~' , ' , " ., \'" : ..... ' , ' . . .

be ass.umed. .t.o be :ma l, nl:~ , b,lna?, ' ~"d t.n a,,s e ~f, es ~f ,S.UCh , .CO.l l l S:f~ns the

lih~ ~e ' '; I ~ J change' by' dlfrerent ' imO Ll~ t~ . . ThI~ Wf1J. dep~~d_uP~ri. th~ .

: arle~ ~at1~ ils' ~ .~el~tt~ e~ '~'o~en'~a ,~ n'd ~ht 1mpa~t · p~~'~m!te'~s '~ i: t he l'n t~ ract'l 'n g
mo'~cul es.:·;:The' P:h~ 's'e " o f :' t~e , wa ~~'fU ~~t t ~rlwti 1;ri ~ ;e: " i t~" ~o;;e1~t;~n '~~th" 'l "t:~ C

• • .• " . ' .' ' , ' __ " . ' ",.. , ;, ' . ' ", 'c , ' " .' ,' ,

· l'nltfal .v':1ue ,afte'r a ~u f.ff ...1 ent n~be; ~f.~ras.t~c:' coi 1 i~lon~ .- ~ 'Thu S .~? r ' ~'ri

e ~semb;e of mole c~"'es the .ph ase of , t ,..e ',wave· function's wfl1:'have' 'u ari:don

' \ ' . · ~ i S·t~'f ~t i,~'n · :o(~~ l,,~ !s ' ~etw~~n' : 0 ~ ~ ~ d, 2,~ ; ::'\Th'ts .- ~s, " C~ ~~l 'e'~ ,p~'s ~:>el:~ xa~I~n ~ ' or' :

· ~ePhas';n9-.'.- i ';' ': ' '. ' , ~ ,r . ..1'.- ' " ' " .

:" ,: '.:,(" ','In .:;/ 1';g'U ld ;-:~ ' ~ t ve'~ ' 'mol '~'~ui~' tnt~r~~ts : c~nt1 nil~ ~s :l;:wl;t.h' many
:'- ', ' : --' .',--:>' ,., . ', '. ',' :.. ", " :,:" ' ;':',' ,. ", :: : '..< ,";."':'}.;,'."".:'. ..-', ' : ". ,~ : '~ ;

" n,el,~hborS, ...:~e~~,e~: :'~h.ed:~SCr~ ~~t.on: ,, ~,f, Y1~t~yon~~eh,~a,~.1.0~: , ~ S,' ,qU,l t~,,: .:

~~~1 1 c~~,e.~_~ "jir~~0:s 'a~,~ , M~~h~~; ' ,( 1 ,~~~ :~ _"ha ,~~ . ~e,s.~.~,i~e ~. · ;~,~ : d~~~a~~~~, ' I ~ :' ~. '
.~ ' l! lI~t~. ~n :,~~~:f.O~ I~ ,OW:1 ng , W~Y,> ~e -.e~V:l ron~~"t .ca ~·~ ~.s a:,51l..~~\,p~ rt~rb;a:t t o~

c::, th,e exc,~, ~~~ , ?,~c ~ .~htor ., :,aU~ f -"9 ,tt ,t o ' , ~ l ~ r,~t~ ~~. 'a, ' s;l~ ~,h,~l Y dl ffe ,re~~ .

frequency., , The pe rtur~at1ons . howeVer . 'are as sumed t o be too small. . to ' .

;.~ du,~·e '~>'f..~~~,r ' ~~~,t; :n,~~~,r_M ':t,r~n~t'~1 ,b ~~ , b~t~~~~·: .~:~'~~~~lo~.a~' 1 :ey~r~<" ~; '''."'.'
" " .~ r~,s'U l t .t he ~orr~1~t~o.n" ,ftJ,~CU 6~ ' ,~~,(o >.',q(t ) ~-' desi~i,be,s : ,t~~ . ~a te.~7'" ~l ctl .',:" X:

~Ile erl~~~ e :Of ~sC~ 1~a~ors 10ses"~as~ cOheren~e.·Wher~:· q '1s -t~e j V f ~r~t f on~{ ,:".. ..' , . ... , ' . - " , " , " " .-.'. " ,,,, ' _ . ' . ,

·ctio r,1l 1 nate ~ ". With respect ioilli pulatforr re1axat lonone':norinal'lY'co tl s ld~r;:'-,

"',:t,l1 e ' · t~:~S·f~~ ·~i~ {b~~t i ~n~l: ·~n~'r.gY i~~ ';)l;e;'n~l .d~~~e~'\f·: freed~' .' '. . ' ~ . : '.\' .',

I.~~ans i at,t o~al ' ~n'd!Orr~tatlonal ) . :' ~'I ~ ". ~n~': o'f :he:',,~~r ' re so na~'c(- ~ond~ t1 o n; .

the",~ ~'e;~ , t~~ ld' .~ l~' be ,.t~a" ~ f-e r~ed . t,o 'a no th~r, fu~dam~n ta l , ' mode- c't, 'tlie' .
. 'r. ' :~ ".::: .,: ' '. .' -:. : ' , ', ', ' ' . " ' :','- "; . ., ' " :, , .. ' " ' . ' . " '"-'' .... -. .

.', ': '-.:· ; , co:~ 1f, s f on , . p~rtn~,r.: : ..I~ , ,~ dd ' t l on,,~ , the, p~om,s O,f, r e~,~,n;nt t~a"sfe~ '- ,o,f ~n,~ ,rg,y,

< • ~ ,from" ~n~ :~'tbra~~on~~lY ·e·x~ tJed ino·J ec~ l ~ . tO, t~e , s am~ Vf~r~,t1 Q'n.al ;d~'9r ll .:.:'
· nefghb~u~1 n~ ~1 1!!~ U1 'e ' ~~S t:·: 'b~ ~e'nil ~n'e'd ; but ,'i s'norma\ l ; ' ,treate d"as 'i:Pilr~

,( : ' ~~f"\~ ~.' ~·e~h~~ f ~.g" ~ro~~s s -. , ;(~.~gh, ~i~:: ' ·i.h!~i,pry~e s ~ e,~ '" m'~~' ~:~,c~r ; 'th~ ' : : ',::- ' :'; :("

· J~d1:~ ~d~al " p~~~S5' or :'proc esse's,,i1i~n:d , u po n ' t~~,J)a r-t·t ~Ula(mo~e cul a ~" s¥~t...em/ ...
• . ! . . < ' ,' \- . ' ':'-'! ". ~. ,- , \' . ~ , . ,



,- . , -" : . " - . .',\, - . . :
fos poi nted ,out .eeeve. ,v.1brat 1onal eet exancn consis t

-' .:. :' - ',\ ', '-. . ' ", " .v". -. . ....
of'( i) e nergy r elan ti on:.and (it ) obesere texatten , Inconventto nal R'am'an;~

· s pectros~~p~ '1t j s' , ~-ot "~'~ S' l bi e" to s-e~a~~'~e' o'ut" 't'h~~~"- ~~~t~~se~ ~ ,' ,f ~ ~ •• '. t o :"

· ··~~a 5 ~ r~ :· -t.h e.· 'e ~e~t.·r~~'l ~~~.tl6. ," ':Jime".~~ , a~d 'd~~.h~~ _i ·n:g t.l '~e .T2,·. :~ , -fb~~.~:r•"
': t~~y ~an _ be, .m,e:asu~~~: _s~~pa~at~;lY1us1n9. Pl ~O -S~_t~ n,~ p~l s e (i 'l a~er te~~l qUes .

; ' 1 A-detaf,l e~ I'~'v'f e~ ~rt 1 c le by ' ~i1~b~~e'au end Ka1se ~ · . <1 9~ 8 ' gi ves _t h; . :.' · .

· ~xper1me~'t'~l .fn d ~h e~r~t1 cal '- ~e s~'; ~~ -fo';a'~'~ber~_f ' "o11cul~:': ': I~ !~a $ ~' b ~~ri' ':."
fo~ n ~ t hat us'~'a11 1 ,;j , '~> i~ so,tha ~' ~~~" ' : ; '1 ~'~',W1'd~h~- i~ ~1b~a~i c~al 's~e~tra "

.: ' , a ~~ lJa~ ~l'Y' 'd~'tr: nii1 ~ ed ~~ ~2' " th/.~,~ !l:~ s~ n~ " t~~~, : " FP'~~~~ t~n~~' 'f'n:~h'~ " >: '" ;~
" ; .,l ~1·'q~:I,d: ': ~2' : { ~ t }7k) t~, 1S " · ~. ;7&" ~~" a~d ' ~:1 :,'- ' : ,, 1 ~, ;::· , H6'w~~e;~.·; ,T i' -a:~ :d , T ~ :ar~ :.-':., :: :

c'anparable f~r many!Orga'h1[ l1 qu.l d~ . ' inJtheseca'ses I ntram~1e,cu1ar' : " , - ,,, -

. ',: ' :, " p'~c'e ; s:es: ~ ay p"ro ~i;~:~ ~ ~Jter~~'~i .V~ :il ~'d mo~, 'e ~~1 ,tf~n\ ';o u ~'~ ~" ~~·r , ·d1~·~ lpa:t1.ng : , : .', r'-:','-1'

",t he 'v1 brat l ~na l e~i!r9Y ~~ :~::exaniple ,.'ct:this , typ~ cf". eri'ehiy .t r~~ s fer 'can b~

; , ' :~: ~ ~~'~ , : ~r,~~ :th.e~ " 'stUdy ,tf,,th~ : , ~~,1:,~,a'~/~~ x~~re:' c.·i,~:~cpi, '3' '~ nd " ,~D30D':b~' ,taube r,~a~
..·:rt·Q,,6:973),' . ,The,. , ~asu red, :[ l:, ~nd '2 ~o.j. t,he ~~e.t~1,~ .C~3 s,tr~ te.~ing '
"vib~at'f~n af 293~ ci.'~l ~a.s i~u~'d t~, be:5 ,PS. ~nd (PS' r~s~\!ct~lv·elY..'.: .· ~h~S ~ · '

· aU ~h~;.<~ hoW~·~ : thi.~ ' qU'~'~i,~,' O ~..enef9Y'f~·~ ':,~he' C'H:i y'1:br"a:t1~" ' 4ecay~ , 1· ~t~' . : , .:

.~ , t~i..Y 1 brai,lp; "at'iz'2'!: '~ ~:;,1, '-'~ 1 th .t.~e , ~'~$ 1'~~ a,l e~,e,;g;" b~~ n~ -- ~a ki~ .: ,~ ~: , '{ ~: 'it ,: '~:.:
\ C-Cl ~ f bratfon "at 713 ~~.l ' . ' .

... .' \- r, ::'
","., ;~O',>~~~Y.; .~~,?~lec:U l , '~·~,. m,? tf~~ s,'I: ...i~ . :i s .,ne,~e'ss a~,Y ~~. ' kn~W h~w · :~he"

· ' mome,~t, :~, and , ~ l ar,lzati11/ Qt, '~, ' : ~,e~ pon:d : ,t~ ,ChangeS, . i. ~ ' " t h,!! 'V 1:tir~t1.-0~a' , ,~ ':

O"' 1 e n~a~'1 0 n ~1- : ,and: ,tt~~s'la tf~~ al ' ,~O~~d~ " a~~~ I~f a.ri.o, ec~;e ' a~d 'alio to"~hanges ' ,
.~. : " " ,, ', ' ,"" , ';, " :. ' , , " ,: " ' , .'. .- . " , '.'.: " '...:',\ .., . '..': -', .',:

1 n" ,~h e C~,~rd1n.a,~,es Of"SU~~.~.~ d~~~ m:~. e,c,Ul e~ . ,1.nte,~()~ e c~] a~. ,1 ~~.~,rac~~.ons

'::a,l S,: :~~~~~: ~J,U~~~~.tl,o~,~ '. 1"~ ,r. a~d :i .~~ ~he1 ",/idUC~d ' ~ f~~~~S' 'd~ie'rin~~!! s~~'
\' featu re~ ofth~ ' correl a t ion fun c; fons ,

".,>"



", ;

-", : ..

" '

... , .

·. w~~.~~ .1.' Is ' a ,~o n ~ta .~t ~f p l"opcr~1 o llil ll ty ; '~' ,'nd n... are,tile · f~.~'c1 ~S ·· :.. '

a ~'~oi: t ~te'd ,w t t h : th'~ '1 ~~1d~~~" I ~ht ~n{~~t' ~~< no";~'l mod~ ' of ~v l ~ra~1 on "

.' · ,;e s pe'ct1 v~l Y . ci' and 'e~ ' u e th'e ':pej lar t ?:atl an' d1 ret~ f Ons 'of t he l 'ri~tde~t :.... . ' ' :" ' . . . ' -: " . ' .. ~ ' ." ..
:' , ~ ~ d ' s~a.~t,tr~~ ,l ,l;9h,t .· a ~d , ~ ..~ 5 th~,. :pnl ~r1 z.~bl l,l :~..ten~~r of the llI~dl~\~ '

... 1, ,a nd ".~ ,l.a~e l~ t~~ " n 1:~ 1 ~ 1. ..and ft ."a.\ s~~;te~, of .t~~ !system '- , ~I , ,15: the:'; ,

Bo1t~m,ann facto r, . g oVen1 ~ n9 , th~ P:OP U l a t1~ n , li f , t he, In!t t al s~ate5 an~_, ' ~

' . J.~~~. aftd'I~b~) ' ~,re :,0 e,\ t.~e~.~e~5 of~h.e}: n1 i1 it 1 ·';' d..ftn~ ,..g.~.U~d" s~t~ ,,:~ ,
' , ;,

. .: ..··i .'i ,. ...,. ·; 'o'····· ':,;'.:.:'.t
-,'":.:....:••.... ~ ~',<~-",:. '. :::':":. - ::':':~ ".,,:--,:. " ..':: '.•' :: : ' . .- . " .' .' . ':. '~. : :-:,,' -

_. . '::.'.. <, '.i ·•.~-:::i . ;_";, '{- :.:'~ .:; . ,;~. . '.
.:..';' , . :" ':'.:»: .~ .

\ J (~} . , A{Itt · ,\)4, 1: Pa i: t Pf t 1 c1 1£ r~\lls l f> :'
, • • , b 1 f . . .,

;:· ~~~,i.Q\I,I.~~~!·I ~ .6 (~ ~' ~.~..: ~~ ),. ~:.>

.... N'a fi ean~ p~tt t~i~,s ' ('1~72 ') assu'~~~: th~t' th e.'V"i b~ I1 't;o~~:~ ' '- rel axa'~ ,o;,
:, ." ' : ... ", .' . .. . "'\' .': ,I:' " ' . '..', : ', ;-- " .';,: -,' ~ ".

",: ' ~,~ , ' t :h~ . nt~ jor ~on. r~~r1 .:,n.t;t~, ~.n,I,~ ' b.rO l d~ni n~ ' llIeth,n1 sm. ,~,nd,~ 1er1 ve~"the

express ions f or depoh rfz.ed and"polarlzed t CJllponents of th e Y1 bratlan~1

..;: ~,:~ ': ~;a ~te ~e~ ~ l1 g ht ~ The1;" t';eO rY , f ~ out; tntd belo'w. ': GOrd6~ ' (1965)'·ha'~'
'S hown " '~t' th e 1 nte~sitl o~ ' 's cit~'e re,d ~ad 1 lu, on~~. f~~: t n' 1·~.~l ,ted' ~~~.~nte~ .

..' .. ,," ' : ' . : '
: ~'. •t- '. • ' . ; .

.': ' ..'

. ',. ", . .,~ ," . .' .; ~ .,.' ;. ' ...~~..
In'Ranlan sta ttering , exp.er1c!!:nts,· broa clen t nq ~f t he lt ne ·.$hape due to

ro.~:~ t ~~ · ~~~,t~~bu ~:S~ ~\ ff~e'r~nt~, tc;.· t+,~~!t~;.i~ a~' 'depOl ~,~t ~~r~~~n'~nd· :}. ,~~.: ....,

" ccwponent$. Thts al 1lWs I lIleans for sepiln,ttng t he reor1enta t1onl l f~

" t he n~n-'re~~t:~~tto'~'I ~ Irtlc~~~'e s cjn~~ f bu t f~~', tD ;i,e' ba·~d shap~ .: 't t' ~ ~ -.
. . '- ' " ~ . ; .' . . .

.' ' welr knO'll~ that ' the depoll rtz~d' vi bratlonat" ,~n sci t ter1ng tnten 5'~ty 1s' '. ' ) .

. '. det'e;rm 1 rie~" 'bi the 'tll ts~troP'y ~~ ,t h'e ~fa~tz'~b~ l" tY d~rt~a'the '.t~~ 5'or : w~t1 ~ ,
.. . ' , . " , " ...: " . ' . . . ' ,' , ~~ . ~' . .. . ~ ;
t he polar ized 5tltte ~1 ng results f rOll'ton t r1tKltt.ons due , ~ bot h hCl~opft

' .' ; 1

..I' .

·It' ',':'
. f·~ ',. .

'J~" ~~~~~~~~~~
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Na,fie anq Peticola s (1972) introduced an addi tional term desc r ibi ng

1nt ramfl et ulllr and fntermo~ ecul ar l \'fbr a tf onal r ela xa"tf on . as well as r andom

vi brational freqUen.cy-.fluc·tU8~1 0~S . Thts accounts for t he principal broaden in g

~ mechanfsa for !am.llJ:'l line s,hapes when th e effects of reo ri entation have . ei th er '

"t,," been seper-ated or are nO,t present . Conver ti ng equation (1. 2) fr om

",

I p .3)

. (1 .4)

' (' . 5)

} '
r.

>, <QV(ol Q'J( t » .vi6 "'e 'l;Ilt dt

The t erms' (J.~ and . ~v correspond' t o :-e divl .sfon of th; pol arl zllbl1ity l;! into.,.... , ". - . . ' ~ . .
its av;rage ~

(1.6)

,',
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and its trac ele ss anis otrop y

~\I • '? - , 0 l (1.7 )

, ,
The t enn <Tr[~(o) . a(t )]> is the rotati onal ,t r anslat10n cor re la t i on t

function and the t enn <Q" (o) Q(t )\» vl b is the ,vf br'{tl onal cor rela t io n

funct~ In IVV(w) an~ IVH(w) , V and Hrepre~entth e vertt cal and

horizo ntal di recti ons of polarfaat fcn, ,

Using equation (1. 4 ) and (1 .S) cne cnt etns

(1.8) '

and t he .V1Qra tlonaf ctIr re latfon funct ion can be express ed as

(1.9). ,.
. .

Klibo (1961) has devel oped II sto chast i c th eory of 11ne shapes and

~lI.xatlon Phe~om_ena ·. · Ile considered the moti~n of an osc 1 11atora~d showed

~t~tude Of D10dU1atiOn!J.can beeXP~SSl!daS
/ '

!J.2 .. f~12.P(Wl ldWl" ~ >2 . (1 .10)

and (1.11)

~here 00, (t ) r epresent,s t~e . fl uctua ti ons in t~e :requency• t he llverag~. of

wllic h ls ,ze ro

t,e . ~ , . 0

, i ~



. g .

):,ubi) (1951) de f1n~d t he cor r ela t i on funct1 0n of .adula t i ons 'as

,ttl . ~ " < '"'1 ( t Jw, ( t + 'f » '

t hen t he/ corr ela t ion tt ~e 'c Is ljh en tly

(\' ''1

(\'14 )
"f c • C · (l)dt .

. J'
I.t .was sh.own t~a{ when 6. '1,<;< 1.. t~ts is the condi t i on for fas t

~.du1at1 on and .t n the 11l11 t 6 .1'c~ O . t~e 1i~ne ,a~p ro ..cnes a Loren~%1an

fo l"lll"t n WItch. tt ll! .ho1l1f -w.' dth r .. !J.1.TC·· an(wh.en _6 . T~>' 1. tl'le tt ne shape ~ ~ .

Gau5Sh o.

• . ' . . I . ' . .

The cor re sponding expressi ons for L0l'entzh.n and Gaussi an shapes

respect~n.ly. are as foll ,oW5

. i
I

on'

. iU S)

11.16)

Ro thsctdl~ (1976},consi dered th e vib ra t ional resonance energy "ir~~s fe'r ~n~
dephn tn ll.1n lt qu'd tl

Z
rndhu shown th at the J:ubo torrela t1on funct i on can ~l

.be llr{~te« ' (tn case ' of !JSt lKldol ~ t1on ) as .
",,-'.

(1 .17)
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. . . T.he ~an tl ty ~ (o)2) Is fden.t1f ie1..wi ;" t he second vfbr at ional

~"t ~. e . <{~ (0 )2 b 2 . ("z (y )) '~ whefll@ ttle sec.one!s'pectr al ~lIMl t of t he

h ot-ropfc b.1nd shape h glvell by (lCubo, 19S1) .

(1'.19)
\

I

. i

'. ilII.fs t he angula r fr equency dhpll1cement fronl t he

. [ IhO(W) [ 10)-1010] 2 dW
11

2
(v) · _

J_I ! so ~l&l ) dill ,

" . , .
Taking th e Four ie r t ransf orm of equat i on (1. 17) , one cbtetns

whet e t ~ _'_ .
.. v _~ M

2
(v}tc

band cent re and T 15' th e vi brat forial n! l 111atl~n ·tt lle . B1 l1'enur in9 t he
. v \ . ,' ..

. I iso (lII) . it fs possib l e to dete m i ne vib r atl onal and K.ubo t? rn! 1at10n

t>illles (TC) ' t o deci de lII he th~r th e Itne shape 15 loren tz l~n 0: Gauss ian..... . , . .
[Rotllschl1d. 1976] . ~"lIIever. 1n , t he pre sent wor:t.. tJecause of t~, expert llental '

.. , ' ' ;\-
dl ffi cu1tte~. th~ 1 was Ilot poss i bl e. _

The' h otrop l c Ram~n li ne widths , have bfien IlelSure d for a, n~ber of
. .

IIlO l ecul e s : Host o'f ,the' workers studi ed'these lIlO l}!C,uleS mainl y t~ se~lIra~J

vibratio nal rela xati on fr omrot at ional rel ulUon, ' As far IS 15 known t o .

,t he presen.tauthor , except for Cl out~r 'and Kf e.ft e (1 917~) : no~as u~e~ents

for t he~troll i c li ne widths of t he Rama!, Q branch. fr om' the ~rtpl epo1nt

to t he cr i t ica ; '~i ll i-" have been made . ~ A · s"~rvej of all the ~lec~les :
. ... .. '~ , . •. .. ,.
s~ud1ed so far has been.llade by' Oxtoby ;(19?9l . , It i s 11lportan t to s,t ~~y



"". ,
1 1 n ~ wldths in t he ~~t1J:~ range ,~r'olft th~ triple poi nt- t o the 'c rl t i ca~ potnt

si n,ce the veeto us molecules behave q~it~ .different l y o~er thts ~a nge . Th:r~

is no ccnpl ete theory avail abl e for , th e change i n ll n,e widt h frUm t rip ; e

potnt. to .bon i ng polnt, net th~r is , t here ~ comp.rehe lJ ~ fv~ t heory found i n

the 11terature fpr the observed c:ri ~l ca l anoma\y. Th.e matn .purpose .er _this

work is to study how the lin e wld t h var fes with temperature i n case of

sat ur-at ed 'l l qU~ d CH4 and CF4..and -t o, commen~ .o~a:sp~~t.~ ofthe theo;? ~~e
RIO l ecu~, es er e theo .~e7 1 ea.l l y si mp1e-:s1nee th~Y , be~ ~n.g t o the SPher:1cally

s~t'r1c :d · ~.ro UP . ·

, j Critica l ' Phenom~na
,:, .-' .... ' .. '.

S f rC~ "t his thest s mal nli ..de~cr,1 .bes ' , the ' c ~~ ~fc:'a.l .anom~alY. a ':br1es .,

i nt roduct i on of ~ri ti eal phenomena would not be out of Pl~~'e : . Cri t i cal

Ph~rromena, a~e ~aus'~d by a 'ba1a'ncfng ou.t o f, .th e :eff~ c:ts 0; ' ~ hort ~ran ~e
In,terinoleeulllr repuls ion and very l on~ range ,a t~ract1 0n " 2 . The cd .tt cal

temp~rature is determhled by th; conol tfon .t hat *and\~ both vanl$h,! The

phase b~ l ow the cr itical poi nt 1$ Ill'! order.ed Phase'!, I t can be chara.cter1sed

by an orde r. para~et~r that goes to zero, at ' t 'he c,rit i cal pofnt . The response
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wFre found. ' Since t hen B h~s been Ile~sured ~xperi~ental1 Y by a large number

of authors... ,ltic~ ppears til have a ....alu ~ ·of ~D.,34 'for flui ds. The ~th'er l .·, ·
cO!mlon cr itical exponents y ~nd y ' , are defined by , 1 ~

[- T ~ \ ]

.[ :T.:', Tc ]
(1.20)

, i ' , -' .

. wh'e,re . 1<.r· . 1s) ~~the T'lll a l c~preSs1bn1ty ' a~d 'Kr° ",, '..'+=,Fbi:- ':,wh1ch: fs · th.e

, .v.: ..>,.: ;.:.. -: .....\,,; ',: ~ ~ . ,:.,.Pc<. ,. c p~,~. , '. -.'.

:~lYn pre,S ~ l b iV~~; :O f an' fde;a~ . g a S , , ? ~ : de,~ ~ l .t~ , ~c . ~t. ;.!-:;,:'T.c',·.,.~;ta,~} e'~" ,{~??l ,~ :,~fS
de·scribed ..·.i n de.tai." , 'aUthe crftfcalexponents'and has discus sed thef r ::. :·
,, : ' , ... . ' " ' . . • . :: 1.:, ;" ", : ' ; ",: , ; :'. : '

theo~~tfcal a~.~ expedm~.~t.~~.-. ~a~u.~ ~ .' .,i " ' . .... :";t. .. , -...".

""toe,:: :::::,':,::';:::1:"::,':'~i :~ '~:, ::f ::'::,::::.r:"I~ .,",1, ..•. ·I
i
,·.'

I ' . ~, ' ' . ,

one Ph'ase reatcn. ,Tht's ' anomaJous' cr i t 1cal' scat terlng 'wit h vfsi-bl'e l 1ght
.' , ,\ '. . . ' ' . ' ,. ' ' , ' , . ' " '. ..

is ,K..nown... "<. ",1<,'.."" ."''''.e,.:., .~hYSfc. '.'..'Y. It. .•ca~ . b~ .,~.n de~.$..~O.'.d'. S,:;fo-l:l.,~y : '1.'
,As the compress1bl ~f~y. ~;comes large . long-wave.'ength density f1?C~uation~: t

are .al1o~ed io. grow t~ '.h rge amp1t t~.de, ' , FO "!1 aqo n"-a~d . d l s~,Ptl~n'O f , I
~iHck~t'ln g' dusters of ~ 1 0:.~1 ~4. m~j~c1J'e~ ~rom. the"~O'cu s .~i ~~i111 tb~~'~~"

~~pa~a;ti on: 't~ k~S, ' Pl a~e. " T~'~~e c'lust~ rs ,ar~ '.~ f. s~~h " a·di'menS1~~. tha't' th~~
m~ ·"!i c,a t te l." ~t oPt1 ~~11'fa~e;engt~s~~ Th1, ~ . f ~ ~~e? byth~"~ppe~re~c~~ O.t.th~ ·

" :typi,ca;i, M~l,ky '~,~lo~r,: ,.A ' wa,~ " Of' , '~~~,~rj.b~n9: :t~~ ~.~. 'Ph~ri~~n:~ '1,s b~. ~~~~s ,~'~"
t he 'cor rel"at fo'1 functi on: G(r ), wbtchere asures the exte nt t o which the Iocat

pa~tl cl,~ ':de:ns1~1 ~s ,: ·~ dlsta n'c'e; ,..:..~part ;,: '~~e .- ~o·~~' .a t e~ . ~ . " ord f n~~1 ly ' ~~~ : . . '

range 0;G(r lis thecort'elat1~n ,l·en.gt h ~ ..(Orestein:.Zern f k~ l·~ngth ) . ' Bel~
tit~ " '~:; 1 t ; ~~1,t~pe.ratur~:: ~ : :~ S O::,th ,e or'd!li~ ~. i:1,he :ran'~~ ~~: t:~~': t nt~'ra~~t,i ~'~ "
betw~en .t he;,p~rt'~ d ·es. · . Ite~r: t~e '.-c r1 ti~al '11:0' nt .~ :~1 v~rg~s :.an.d'th~ · FOllri er

, · Jl
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t ra nsfor"Q1 . ' of G(~). t he st ructu re ,f actor S(9), 0 rns t he s cat~er1 n !l power

of t he.medi um: . At t he. c'rftfc/l l point s{indiverges. for smell, ~!lVenunibers; Q. :

1. 3 Re:cen~ Theoreti ~al ' Studtes

I~ a se~les of pp,pel's' Hil ls {1978 a. ' ti) 'a~d Hn ~S and Hadden {~'97 ' l \

have develo ped a theory' Of vi bratf 'orial 'relaxatfon i.n li q'u1ds ; ' They useda . ~

~~ntl~u u~ ,J,es,cH pti on .of t.he fl~'fd , s~~;6'J~d i n!l':1I\tbre~i~nallY - e~C 1 ~ed "_ h
'._,. . . · · .~ ~\ecUl e.'::. " , I t ~a,S: S,ho~il" ~~~t " t.~.~: ~ 1 ~~~tt on~1 1Y . ,e.xc1t,~d, ' ,pl-O,b~ m~,1 e ~~l.e ' . ~el e~e~ ' . 1 ·1":

..· ~~~~i~ji~~~~~~;f~~~~~J; S
'i n ierms"~~ ;t he ' dy~ ~m1 ~a-l ' ;tructu~ ~a ~tor S(~. · ~r ,- ',' A - 'f~ ~~h'e;r d t S"CUSS1 :~~ : :

~f ':thfs' ~ h~~'~Y" 1-s ', gf ';'e~ l:n ' ~h a~~e~" lIl ; :. , .

1-;4 , The s i .S · : O ut1 ~ ne ' .' .. ' . " .' _ ' . " , \ ' , .,. , '. " .,'

, _.:.; . ~~ :second,.~~.ap~~r Of ,t.~i ~ ,,~:7S 1.~ ' ~eal:-::W 1 t,~,: th.e.' . ~ ;?:eri,m::n~~l, .'~p~~re~~~

and-tec hni que. ", In' t h1s chapte r th , ..apparaj:llS has been I)r !e fl y described.• ·U c

.f ,• . , .
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. the or-y Is ll v1l 1'lab ~ e for th1 ~ phenom~na ' f~ the Hte·rat,u~. It is not unli kely ,­

howeve~ .~ha.t tht"s 'effect 4 s ass~c1a ted w1 t~ t~e \oil ~et 'of ~hort range

or1entatt ona.l order . ·

I'
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CHAPTER ,- II

:, '~P ERIMEN~AL A~P.ARATUS ' ~ND ~~C~~ IQUE
. ..~-

' /

'" "" ,: :',~~~:' ~h~~~~: ~o,:n,ti,~,~ ' ·:~;H~m '~~ns ~.~s,', :O f"~ ,·.~~~:l,~i I ~:.fy ',130

" ~~~t~~,:l t1fl ! :r:__ tUb~" ,'a,~ :~' __~as~c ,..det,e c,~,;; ~ol~~We,Q 'b;a~. ' ~mp~ 'f fl ~~l '
. d i' $C r1Ill i~:~~ 1Prl nce~on 'A~P l ~e~ R~sear~~" M~d;l ~~RJ 1~Q) ~~ d a Data ,',, , . , ' " ' ' , ' ' , . , ' , , ' ,

,A.cQU1'si tfol;,':i1nd':sitab111 z~;tfo", sY~t~m. ' ('13~ ri .etg h 'Mod~ ~ . , O.&.s-1.) .. ..The,over;11

" ~~r~ng~e~t bf .th~. , a·p·p~ r.~tu s ' ~~ea" is :shown $ch~m~ttt aJl~ in, F1~,. , 'a.l:

,,,:2~ti~~t~~f'~~~5.1:~i~tr.

. " " The ~0 i1:' ,i n thh ,.'thesh i~volv~s ' measureJrien~s of :Ralllan'~ct~a of ·

~a,t~ra t,~d: ~"qU,I'~~. :',a'~ ' ~. ' fu n,c ~ i 'o ~ , ~ ~ " t~m~e;at:.re ., " In,or~~ r" , 't~:r: out ,t h'e'

'~ .: . , :' ~~asure~en-ts . .t he ,source Qf , in~fdeni radiation' used, was ' an Ar9~n~lon laser

" ( ;:;~f~~~tt~~t~~~~~~"",',
;
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. The-" C~11 ' LfS~~ ' ~ ~ , t he pres.ent wo~k , { s qui te suitable for ,~tlidYf n,gei.~~'e·r<
a 9aso; l iqui d s ll~~le . I: 'can ~fthShn d ,hrge;emper~ tu re' il nd pres'~ u re ' .

variations'.: · It has been desc~ibed ful ly '1n t he t hesls' of Morga'! (( 976) and',

by Cl outer !.t '.!!.. (~ 975 ) . In the beginni ng of ' :the · e xpertm.~ t . ' t he cel l :w'as

found t o be di rty and"leak1ng. 'Therefore 'i t Was taken apar t for clea ning and

: ,ro;,re:..oval 'Of t he: Ieaks, " T~ e ~el" ) s :qu1t~ ' ,Sn a ll ('~"~Ub~ "'(2. $")3 cm3) In ~ ' .

li ne due to. ~igh frequency ' jitt er ' was fo~nd to be about .:!:.5MHZ . Th~s laser

essenthl1 y " con~i sts 0'1" a ga ~ disc harge t ute , excite d with a' dir ect curr ent

o ~ about 25A and is placed i n an optica l cavi ty of 1ength , 1.18rn . A prfsm

te the la ser cllvlty 'olliS IIngl ed so liS tG l i~~ the las,1ng t o the 514.5 nm li ne

i n the Ar,+ spectrum. The l aser acti on of thf s Hne was ecnrtneetc one mod~

by usi ng a t emperatu re controll~d t ntercavf ty eta lo n assembl y . 'It was found

,t hat ' mode hopping ' vanfshe~ , after.wann~ng up of -a few hours . Th~ bealn from

the' aS,e ~ was 'd l recte4 ,b~ way of a teaasteerer anda"l~ns at ' the"'t:entr e :~ f '.

- > " ' .

dlmens,1ons. It was necessllry for ' it to' be of small Si re in 'order fa a v~1 d
, ' ,' .:, ' : ,'; ". . .: " . " :' , "

~, ' ~ ) th~ ' e f fel:t~, of , differe~thl th ennal expanstcn.beteee n , d l s~,f m1 hr materi,llls
. ' , ' .. .' ' , . " . \ ' .;': ' , -': , " ~

· . l nvQol ~ed an.d H) t o ,mJ~i m1 se . t he'l'ma,l grad1e ~~s . ' I t ,fs~de up ~fJiecu' alloy '

in the shape of acube. The s c~tterlng~olume' was '-ocated,at tile' ni er:-"' .. , ; ', " .," -: " ,,' , " ' , ' ", . ' ~' , '" , -'. .:
sectton of th~ee mutua ll!' Jl erpenc:l fc~u lar , b,~l~~ ' . tw~ : ~ori,zontal. lind one .

. v~rt1 .c_a l. :T~e holes were cl~·5 ed?y"q~.a,~z ' ,Pl ~,tes . ' _T~-~ ,fo~r , quart z"Pl ~t~

were ' ' ~l ued, ~US i, ~ ~J.S t 'l t cone , r.ubbe r " ii: ~me nt ). t~ . fO,~~ ~e.~l, : ~ ~·ates . , Th~,se' ~~t~·l,.

" ' plates. were seat ed ~ttll an 1ndl umD~:I'ing . seal t o the cell ,(t l outer' .I:.t Al .

- cons i' der~b~ 'e ' care was ,~q~1 ~,~d : in s !~ l 'in'g t~e ~in~~s: ; " t~ avoid '.the
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: ~~~~ ~ryosth ~"., .. ;, .: , ". .:;"-...t:',- ': _.~ -:.: -.'< ' -: \ ...~.:...,;
A sc hellaUc dfagramof ' ~he sampl .e - ceJ 1- , a~ cryosta t t s' shown' tn- "';" ·"

F~.g . 2\2 • .:I.t Is:;descr ibed 'w; th the . he.l p·0; dh~~alll is . foll ows.< The' gas':i ille't ':" " '::- . '
' ., ' :.. . ..:..~'.,. .>.',...I .. -• . ....•.~ ~ ... >.~ · · ~ : · .-.~_::f\ c'.: ~•

. ':' .- ;.-'£, ' ." ' .': .>: ,...'.;,',.

develop:llent of lea ks. Aftt r d uning and:rin sl'g throughly ' iri acet one .

~n'd 'spectl"'OsCOPi C :a etha~ l ~ the ~~1 1'\llas 'u'~@ftI~ed and i t was found tha~ ' there .
". . • . !

..-as,no leak f ~ .t M cell up ;t,f 1OOO ps.f.'

~ 18 ~ .

. •. •. . I

. The cel l i n~e~ t.U be( .~a ~ .hard s~l ~ered i nto ' t~: t~p of the.c.el l . T~i ~

. Inl et tube was extem any \onn~cted t.o" t he gas ta nk as wen as a se.ries of ·

~ree Bour'dori~ t u be ' g aug~s' and.a ru~tur'e~d1 sc. p r~'~sure ,fuse. ~ ~ube ~f -
; ~l:;~~ ·.d.~ lull~te; t~~n. ;.he· :.:~ .n ' ~F.:~~b~ ~a.~ i:n ~~rted fnt.?·.t he. i. n ~ ~~.· ~u~e·' . · 1lii S, '. : '.

~4S done .t p"·reduce th~ '· vo l ;;n;e ' _'of ,t he gas". "The i t,l et ' tu'b~ '~~tered the',cryost at', :

::at ' ~ ~ -~ , :~;~-. ·t'h;O·U~~~ ~· v~,~·~u; ~ D~-ri" ri '~ : ~'~~ l ~ ' .: ;t':~~ ~; ~~~';~ : 't,~~('t·h~.' : c:e l , ~ · d1i :

-'. not s tay pennanen~' 'y at any .fh "posittont ,Due to . t emper~tu r.e and pr~essure.

ch·a.nges .t t ~u~..:~ , go . e_1t h.~ ~: I/ P · or..do.~n or . _~ven :..~tate 'J ro: , :~v.e_rc.o!,.e'~i s , .." :} ."; .
. . P;~bl~il ; 'a 'Su1t lb; e c'''amp''~~; d~s i 9'~~.d and t he cell ~s .fast~~ed ·.·p~·p e-:"ly so·:· -

tha/1 t : ~~aln·ed ' s ~~~{~ : ~~d'. ·f1~ed . · .', .' . :. . ... -. . .

''is;b;.At:':~i~::::·:r::t:·:7::tf:s;:~:i::;t::~:;1Ss.2;;~!~r.'. .
To Cool t he. C~~ l..• .~~il, .C:~.~a.c~' .beb,e.~"·..-~:. c~~y:.~~...th~. ~rYos.~~ :"a~·.• a~~~ ~ . :

. by~ b'CICbpper brat'ds whtch'were soft sol.dered.toth·e two posts at 't be .toP :. . -.'

·,··i·

'i
'· ,1
. j.-:~,.-:::-~:,-:::,.-,.-,.-",.-'e..".~:-:-:;::-:;::""'7-:-::;="-"-"-""":'-"-_"-"-~
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t Ube,' ,whtc h i s connect ed to t he scat te,rin g cel l was sur rounded by an annular

exchange ~as chamber Pl and was 1rlsula t ed fr om it by a vacuum space (8).

A re la t i vely larg e br ass r i ng (13) was use d t o cl ose the bottOIll of exchange

ga~ column. Thh ring also served the pur pose 'of heat s ink. The gas exchange

cf'(Imber was sur rounded by two concent r i c coolan t re servof rs , the inne r one

meant for use -with ,l i qui d heli um and t he DU,t er with 1iq~id HZ ' Liqui d

heli urnwas neces sar y O~ l:l t o get te mpera t u;e bel ow 80 K, ot hen1ise th e Inner

, cyl i nder was f1l 1 edw1 th ;l1 quid~Nlg en and t he other was evacuat ed i n

t he te mpera 'ijure reg1 o~ from so K.u~a rds . The two. r eservoi rs were al so

separated fr Oll'l each othe r' by'.i vllcuum space (8) . The out er reservoir (6)

was ej sn i nsulated f rom the outerstde environ ment by a vacuum space
." .' ,

between it lln( t he buter shell of the cr Yosta t . A tube (not shown i n the

Fig ure ) w1t h a heate r Wo und aro"'u: d i t also surrou nded the ses inlet tu be .

Because af t he temperatu re gradi ent between t he upper and l ower por ti on of

thi s tube . it was found t hat gas wllu l d condense i n the lower portion and

drop Into the cel1.By swit chin g the heater on, the sllmple r emai ned as ga~

/

~ ' 1
t ns tde the , l i:iw ~r port ion of th e gas i nl et t ube. The scatted ng cel l was

susp ended f n the t a11 sectlon of t he cryosta t . The Int ernal vol ume of the

cr yos ta t was evacuated to 1 0~ 5 torr. and the li qui d coola nt r eser voir was

fill ed with li qui d nltrogen . The exchange gas was eithe r,~HZ or 0Z' It was

found that up to 140 K.OZ wa ~ a better exchange gas . but for t empera tu res

abo~e 140 K.NZ was more sui t able . ~he, exchange gas pro vided the neces sary

t hermal Hnk between t he liquid cool ant and the sample sUe v1.a the heat

Si nk. The gas t n the exchange gas c llamber condenses near the col d w~lI .of
~. .

the li quid NZ reser voi r (l O) and !all s t o. the heat s i nk (l J ) tow ht cb tne

c'0011ng brllids of t he cell were connected . The si nk teepere tu re ~s t hen

reduced on evaporat i on af t ile condensed exchange gu . •A cr ude cont l'ol could .
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be e ade by var yin g t he . -ou nt of e xchange gu.

The cOlllple t e cryos t . t wt th th.e s catteri ng cell (18) was ver ti ta lly

suspended on/. lIleU l -f u me.

i.3 Inte rferometer

For .dU fer ent samples , th e vi br at io nal Ram. n fr equenci es ar e dUfe~n t .

Hence for every' sampl e ene needs t o have a fi l ter passf ng only t he Raman

vt br e tt cn fr equency of that sampl e . In or der to aY~ 1d keeptn g a large set

of expensive "f ixed fllte rs, a var h bl e f t lter is desl r abl e . Therefo r e a

gra ttng lOO noChr~a tor (kausCh and l omli, 500 1'IrI\,) was used: The refl ect '1on

grat i ng had a 600 groves/ "'" and dispers i on sufft c1ent to H lIli t ~he pas s band

t o _ 2. 5 MI, when using sl it wtdt hs of 1 II1'II. The t ranSlllh s t on. ef fi c1ency.

with the pola r iz at i on dtrectton par all el . t o the gra t in g ruH ngs was ~ 601,

.The ; t 9ht , scattere d at 900 was analysed by a ikIrl eigh Model RC-10

Fabr y-Pero t fnt erfer'Olle t er . The th tcr y ~ nd the per formance o f- the In t er­

fertJlllet er .have been dis cuss ed by varf ous aut hor s·, for. exa. ple Jenkt ns and

Whtte (1957 ) , nes '(197Z) , et c . Basi call y th~ FP Inte r feromete r consi sts

of t WO·.hi gh pr elston', r e flect in g optica l pl ate s sepa r ate d by •

dis t ance " d ' and 14 pna l ~ el t o each ot her . The equa ti~n des cr' bt nfthe

. , co~~i t fon f or cons t uct h e fnt er fe rence .t n a FP i nt er f eromet er is as

fol l ows:

\
1

j,
"'"

N" - Zdn cos& (2 .1)
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eer e Nisthe~der number .)'isthe wave l.engthof lt9ht . 'rh'is the

refra c t i ve in dex of th e mediu m between the plates and e 15 t he angl e the

i nci dent rAY makes. wtth t nt er fe r omet er ext s, Howey'er , only the lig ht

transmitted al ong t he optic axis f or which II : 0 was stud1ed, known a s centra,'

spots cllnnfn g . Equat 1on (2 .1) becOl'les forn= 1 1n t heair

N). "Zd (1.2 )

The order numlJer and transmitted wavele~gth could be c hanged by

(".:) ' varying the s pacin g (d). To observ e a"s pect rum til e scannin g was done .bl<

m'aktng smal1 co nt1n~ous y"ari ,t1 on in t he plate separa't~,on with the atd of

i:. hr-ee piezoele ctric' st acks arrarf9~d 1n a trlangu1aripattern behind the rear

r efj ec to r ; TIle pla t e separ at ion (d ) varied 1ine'~rl Y ( to a good .appro x1m a.~ 1-on l

with the applied voltage to t he p1ezQ-electr1c element s . Proper ~li gnment

was a cri t i cal facto r in maxlln"1s ing the .resolution and peak trans~i s sion

from th e i nterferometer. Rough adj ustment in plate se par ati on and al1 gmnen t

could be done mechanical ly, For fi ner adju stment s a separ ate vo1tage t o

each ind ividual el ement was appl1 e4 t o cont rol the c- tenta t tcn of the rear /FP

plate ; t hi s voltage was pr ovided by the DAS . ' The DAS a l s~ automati ca ll y

cont r oll ed th e +;he FPi nt er feromet e r ali gnmen t .

The free spectral range (FSR) can be def ined as t he f requency i nt er val

between the two consecut ive orders of th e FP tnterferomet ee , Thus

FSR -y ( in Hz) (2 . 3)

where c is th e velocfty of ligh t i n · vacu~m . All frequenc y shifts and wl dt hs
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measured in this experiment were det e nnined r ela t i ve to the FSR. The plate

separation was obta ined using a micrometer s c ree mechani sm to IIIO lIe a bal l

bear 'lng back and forth ten times betwe en the plat es' . This ball be8rlng was

connected to a piezo-e lectric t ransducer \oI h1c h was driv en by a saw toot h

wave rerm. Iec h t ime tile ball bearing touched t~e pla te a changewaso bserved .

on the os cil loscope display. I n thi s \oIay a rM!~n va.l ue of d could be ob-

. " t a1ned rr-cn several observatlons . If tfle wi dth of li ne was .l arqe , the FSR

had to be la.rge , necess 1ta tJ..ng it very ~I l ' dr. If the separatf on between

t he plates ts less than e- few ifill , the ball . bear1!)!l. devtce could not be used.

To aver.come t his diffic ulty a mercury , eetss t cn spec trum was used .• If t he

separ.iti'on bet ween two l ines of the Hg spe~trum wa~ known, th e FSR co'ill d be

ees 11, ",,,,dt.,. """'"t. tho pcsstb -ll fty , f errcr t n " ' . , ' if" ' 9 t h,

l1n es , the waVe l engtts o f the lines were checked ·wlth the he l p of a Rama n

s pect rome t er (Spex sp ectrometer). c

The 1os ,trumental line w f dt~ (F lifIM ) i s glve n 'by

(2.4)

where the param.eter F i s known as t he ff ness~ . The equati on (2 .4) show~·

that th e m1 ~1mum frequ ency spaci ng of two s pectra l li nes , whfch can be

r esol ved by FP t eter-re reset er 1s Ijrve rse' ly pNlport i onal t o F.. Hence, f or

maxiraOO1 re sol vi ng power,an d minflilwlI 1 ~s trumen ta l wi dth, th e f1 n e~se should

be maxi mum. A finess e of bet ter t han 511 'wasalways a,t ta 1ned'; The "fl nes se 'F

J!epends upon seve rat fattors~ such·a,s, n a1:ness, reflec:t1·vity and paral l ellsm

ofihe , FPp 1'ates.
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2. 4 The Det ect io n Syste m

The lig ht tra nsmit ted by t he FP was focusse d wft h a lens on to a

pf nhole placed in front c» the photOfllultl,pll"er: tube '( PKT). The P"lT

used durlng the work had hi gh sens lt l vi t y and a l ow dark count , (. 1 per

second), when cooled t ~ennoefectrl cal1Y to ~ _200e. The out put of t he' PMT

was fed to .t he DAS by way of an amplIfier-discr1mlnat or .
"

~ ' The ,OAS- l wh desi gned, primar ily',to r u ord' weak spec t ra 'f o r use

a'nd thus with .cl)a nnel number , The f tne er rela tion be'tween frequency and

channel number ts i ndependent of t he ramp wave f onn; Data acqu isi tion Is

~roh1blted . by l ogi c circultrY'1 during t he fl y back port i on of t he ramp

wavefom. In t he ordinary mode of oper ation eJlual .t ime Is s pent on 'each

chan nel. The, t ime per ch~nne1 can be adj uste d frcnn 0 . 01 tiS ~o 99 ms. The

DAS- l ets e i ncorporat es a provision, ~n0W!' as t he, segmented .timebase . . it
all ows t he ramp-.to sl ow' down for a spec.i .ffed regi on' of t he spectrum ~ Tb1s

he1ps ver y milch ' in recording the 've'ry weak s pect r-a 0'1' eH4, a~d - CF4• 1]Ie

RaYle19h '~1~e, ~hicb wasu~ed as a refer~~c~ H ne', is an Intense' l iQ.i!-. T~'· r ecord

t ht s llne. ·tt was swept ve ry' fa s-t, but to re~or~ the two orde~s of R~an

Hne the·· swe~~in9 ~~me ' i n the re'g~ on'of llaMan., ll ne' was150 t o 70'tf~s ' sl ow~r ;'

~ .

I
I
).' > '

I'
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Since the ramp addresses bot h the FP and c tlannel nUlllbers. t he dis play, rema ,ln~

line ar In freque ncy .

The other spechl featu~e of .the OAS 'is the dr1ft sta bi li zati on: It

works by 1 ~ck 1n~ a narr~1l and Inten se ~ayle 1 gh l i ne, (or ot he; sharp ~pec'tra l

feature ) to ~ ~lven , pos1tio~ tn the lI',!lIlOtY. Af t er each sweep th e,1nstrur:ll!nt

.' performs a comparison of tlie number of counts tn eecn half of , a prc'gramed

.,findow and 'any te nde ncy of the .~~o sen" l1 l1e to '-d r~ f~ f r,om th~ centr e '.of t h,e
'l _:C::" , ,,' ,,' , .."' , " ' , .- " ,,,--., ' _ ', ' ,, "

. w,lndO~ is , com~en s a,~ ed fo~ by .t je ,a,p'p l 1 ca~ 1 o n o~ ~,correcti on .bt es ,to : t ~ e

. . ple z.o.-~~ e~,,~:~i ~ . e l em~~.~s ' :Of , th~ fnte.r fero.m,~t~r . ~ ,."(~~'~ ~.~" o;·~i,~1l~~1'on. ,· w.~s ·
don~ ' by a somellht s imila r' rcuttne as t hat ,used ,for.,drH r stabilizatio n;

~roc~~ il ~\e ' ~~!; f f n~~ se'oPt ~mi ~a t l ~n, ~~s ~,~ en ' thorou~~'lj" 'de'ser i bed bi
Gammo"n:{197B). ' / , ' .

' . .", ', , '
The s pecfrum can be feen on t,he CRT dis play of. the OAS'; A cur so."

of tlla CRT sc reen can be"poslti oned to address any chennel of t he raemo~y

..and the numbe r of '~ou<n ts in t hat c~innel are d1splaye~ on the scr een.Whe~
. . ' :' , . , ' , : t , " :

cursor l.s ,pos1tlCmed .at c.~ann~l , eere, t~e t otal . n ~lIb er of sveeps-nade fci.r

recor di ng th at parti Cular spectrum i s. dis ph yed on the,tU'screen. The

5pect~·um '.reCi:l rded bY' t~e bAs ca<~e ~torded on..~ : 's trt p ,'Cha'~t r ecordin°.'

I
I
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Gas Producu wit h purity af 99,,:991'~r CH4 In d 99.71 fo.r CF4, The ,~~ur

pr essure _eiSurerwellts were .-N de by"lls i ng a serle,s ,Of th re e'Bourdoll t ube

9au 9~s (a ccu,rac1e s ._ O. 2S' . nd 0.51) i n th,e n~~ o'f 1 to 5(1bars . These

va~lJr pressure r:eadlngs, were used. t o adjust 'tht 'li quld lewe12 to ( WIll

Ibne t he top of the wl·ndo-.l apertu res. All t~e tf!l!lpfraturts Wl!re Gle'asur ed

· enlllloyt)9 a plll tfn lolll r esh t ance the~eter ~nd th e val ues quot ed for ·

:t er.pera t uf.es at t~l! scat~i!r1ng sf te a.r~ ·accurat~ ·to '~I1·wlthln 0.G5 K. Th,e

~ ca,~:l b~~t ' oo' , ' : ,O f t he p~ atrn UIII reSl~ta nct! the.~t.e~ .'Ila ~ cl!edel\, by i;easu'r1n~

" t he b0 1 '11~9'po 1 ~i: < O f l,llt ~ h~ ne . , It 'w;s', fu rth~r ' , 'l!tif;l!d t ha't . ·w1.t h "t~~ '.'11q~ 1 d, '
, : , : : " • , ' " , .,'. ' , ',:, ', : ' : . " -- • '.1.-' __ .. , . , ' ~' ' : :. ; , ' : , • 'I., , i. '. ,~

l evel 1n ~ 1 11ht~ , a.11, ~eJll peratu rl!s' a,greed ' ,w1t hin ,th e ac~ ll r~cy ,~f theBourdon " .

g~uge~ " ',,, i~~c t~os e 'de'~ ~;' l ned ~~m, ,~a~u:~,: p r:~$ ~~~~' d~ta :~.fCH~ \1NBs ~~¢~ ..>.,
Hot~ 6~3 : ' ~'1 97:,) I, H~~~,e ; •. i t ,'IlU , ';1 !ff C~ l t ' to , ;~n~~i ': t~ , l l qY td·,·l e~e.l .. "

wteMn l or . 2 ," of ~he .crIU.cal !l'0 'n~ . Great C&r~ ."'" tlk~n t~ .ensure ~at

th e.l1Qu t dlevel 'las .a lWIYl I,n s lg!iL Whe n tile ~pe<t~ was bei ng taken '

t~ e hi gh p~ssu rt par t of th e s)'stell WU. hO~ lted , ~Y~10s1n'g -t tle v ~he on ' . .

the top _of .~sta t . n i s .fnlitl zed tlI e ga ~' vG10~: ,nd helice, helPed,'to .:

a, afd 'Jos1ng 'Hquld ea ch tf "e t M t MperatU rt was 'r~ fseci , The telllpe~ature
' ... ' . : ' " . . .,';',', . ' .' .

· af t ile cell was IIItOl\IUca lly control1ed i n conJ uncUon wl th a Ga.'s se nsor , .'

... ::.:?::::~::: . ::,::.::':'::;:.~:::~: . ::::_:~:-:,~:);';::'::: t~_, · •...

ttm~erature wa~ -stable wlt,hfn _ 0. 05 It. d~ r 1 n9 t~e t ourse of , an ,ellper f,ent.

' -: The 'tncf dent ~ad l a ~f on beam power wa~ ' Ya'r1 ed fronl SOm~~ to 200 ~w.

,~po l a l' l i~d ,1n Un; d1r~ct ~~n ~-"p,e~dfcui~ j. , to .~h~' .~~ itt~rf n ~· p'·a~~ : ·~;n~~.

· ,tIl.e ,spect r lMll. 0; tf',4 WU....~,~,ry' ~ak . ' t he. \as~~ pOwer HlPl,oY~d was ' about:20~ niw,

:" It ~~k irom ~ ,15~ to 24,: hr;,/ 'to r~~Ord ~ S P~~i:M1 . :The spectrull 6~C~4 is

.. quite 1 l1 te.~~e in compar is on to .~,at a~CF4·. ~rm_l~l )' .1' J to .6 ~ r , s pectrtll

. .. '.~
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.;~~ :

was fO~~' to be satisfac to ry, ~he scat t er ed t i ght was collected at an angl e

at 90~ t~ th e lncident beam, A grat ing 1lI.onchro mator was used to is olate t he

vibrat ional Raman 11nes . ' .
The ' seaete rea llght. ~as analysed by the ' FP fnter ferometer. t hen

coll ect ed by t he ' phot omulti pli er tube . . The s i gnal frolllt he photo tube was

Il.lllplfff ed and puls e shaped and ~ed ' to , t he scal e r of t he 0.'.5-'1. The, Ranlan

sca t tered' l1 ght : ~ S , very weak., hence 1t :o~ l d not 'be used by' the DAS for

~; f ft ~ ta b'1;n tat1 ~'~ ' ,01' ( 1~~sse 'OP.~1 m i za.t~ '~~ : : 'T ~erefore .t he '1a5 ~r ' 1,;ne \'I"ilS

~:~ed~~ ' ~'.~e ~er~~~~· l fn·e • .J ~~i~'5P l ~:,~ ter .~ s , ~.~P1 0Yed to' ~'1I~s a ...f~~ct1on
of ,'t he bean! d1re~ tly ' to ,th~ 'l ri terfel'pmete/ 'Th1's 'belllll' ~a'li PlIssed 'onl y',for

, a " fr~~t; ~~ " ~f' ~h:e' S 1 ngl'~ ~weep " :i'im~ : ' A s'~u'tte r mech'a ~ f s~' ; t~f~9 ~~ed b; th~ ' " .
DAS ' w~ s used ,~~ c:~ntrO l ' t~~ t'~me tn~~ i-v a l. -. Al l: t he spec~ra .,.,~r: ;eco~d~~ ' ~y

, , " , ., ' . -, . -, .

T~e spect ra ." ,C"4' and" Cf4 wer e recor-ded fro mt he tr1 P,1r po tnt to the

':" .

I
'. 1';-"
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cr1t1ul poi nt,} [t '45att8JPt ed t o get as close I~ po ss1bl.e to the t r fple

poi nts I nd c r itlcal point s . The full width at h alf lIIU b Uil.( AIIIl) was

lI~a sured df rectlY on the CRT screen,Of DAS. T~e cprsor was phced on tile pe ek

of each Hn e ; the counts on u ch Rallan 1f ne were added t o t he bad:grou~d

c ceun es . Hal f of t he sum o f the counts was located on each s ide of t he Raman

, lines ..nd t he difference 1n channel nlllflbers gn!!! t he F\-IH/H n chilnne1

n\lll.ber~ . · "" nerage of tWo orders lias t a ken and "t hen \ he wi dth vu ' ~onverted
. " ., . ,~ . / .-

.. lnto GHz. A. deta.tl~ procedu~ ' f or aeas ur lng wi dth an d, s h l f~- of. the ..Rf.'UII"

·l1 ~es. ba~ . been -des~:r ~~~ by A" .(1?7B) • . ' !he s.h1»r:. ~~~ured.:r:" 't he .. . .

\ . I_ tr~ pl ~; po~,~:_. dtll.~.i t~ to_ . _t~ e:.~ tr1 ttc&1 p~~ nt denS 1 ? ~;I.~s lJl_~ n\t~:rl!! quency

sh' ft te ~ zel"D 'at the t r t pl! po1fl~ denst ty; . Carewu.tallen tlllt for l

tPlange in ' temp~ra ~u re' th~ o.r~r of the. Ral'UnJ.p~~tru~ was ~\w~ )'S the sue•

. ,

I '

i
I

." :", .,:::.. ,' , ~ '.. " ..~.
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CHAPTER · I I I

EXPERlkENTAl RESOlTS AND DISCUSS IOH

"The polarized, or i sot ropic cont ributi ons to the to tal ly symmetri c

(\1\1 vi br.'a tioni l Ranla n spectra of met hane and c~r bon tet r afluor i de were

mea,sur ed ;'1n t he. 11qUi d phase along- the li quid-vapour coex ts tence l fne fr or.'l

t he t r ip le pofnt to the critfcal poi nt i n each cas e . (Val ues of the

relev ~nt pllys.in l cons tants and fun~ame~ tll l vibr a ti onal "f reQllenC1eS of CH4 \

land CF4are 91 ~en in ' t able 3 .1). Attent ion lin fo cussed M th r ee -pr incipal I
characteris tfcsof , t he sIngl e component s pectra: (.1) th~ lln e wldth ,'i .e , '

full wid th at h ~ ; .f 'ina xl Jl:Ull1 ,: r , (;)"; the Sh~ f~ 'In"'peak.fr e quency ' re ; ~ t lve

" , to th'~t "at th e t ; lPl e ,' ~~,l,nt . \I - \lp ' in the spect r a and ,~i l the , ~e g ree :of

asynnet ry .observed l n, tile H ne shape. -. TypiC'll s P,~etra of 0/4 are .-shoWll

i n Fig . 3.1;' · These spe ctra were.r ecerded at near t ripl e p_o l n t ;~ol1 i ng •

pofnt and cr1t~C! l poi nt . The line widt h at t he t ri ple point and ball ing

pofnt 15 al most the s ame t ., 73 ~H2_ ), whn :e at ,t he critical pof nt i t Increases ­

by a fa ctor 'of ~ tl'lO (117. 2 GHZ). The j t ne ts aSYiMlltri c near t he t ri ple

potnt and cr 1tical po int , but the asyrrmetry Is i n oppos ite df-r-e ct tun a't the

trf~te poi nt to. th~t at the cri tical po.tn7. The li ne' 15 s~trl ca. l at' tbe

boning point. The :i nt ens tti es of the l ~ n e s are i n ~ rb 1.t rary , unft s .

3.0 Line Wi dt hs

The vlbr ational Raman 1i ~~ widt hs (FWHM) as measured t llroughout

tile s at u.rate d l1 ~ui~ ranges of CH4 and CF4 are given in .Ta~ie . ~ . 2 . These

Ilidt hs .eere plot ted ~ga l ns t t he t ernper at ure T. The v<tr ia t lon o~ lf pe

width s wft h t ellpe\ atiJ re fs depict e d graphictl ly in Figs . 3.2 and ~ .J .

I
. 1
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1'!o1ecular Wei ght .

Trt p1e Poi nt Temperature

B() l1 f ~i!l Tem, pera~.~re

Cr1tt c'81 ·remperat ure
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v, ~'. 1306.2 (R,tR) .. 630 ( ' ; IR)
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b. lR~lnfrared allowed .

: :. ,.' ,j



" ::..':"'" ~' !~ c..:.._, _"'_" " '., ,'.

- 31 -

- _. j

'I'
i

TYPiCa,~ ,eXper lmen ta ~ ..pO"1ar ized spectra for ~ he \ll s~etrt c

· V1b·r~tt Oll.!1 : R~ma~ 'H ~! of ' ~H4 a.<~.hreed~·~fe ~,e n~ -,

f) ·' -.Near T~~le : Po{nt_~g O)2 , K .

.:11)' l: ' N~~r ' 8oh _f:n'~ ~t nt ~ l i .:7 · ~'
,1'11 '>: . ; nea ~ " C~lil ca~' P~ l n't:19'd-.'sO· ~- , .

". . ' ,.- .:-':' '." -\ <. ' . •:-" ,. . '...,.....-' .--.: :.
The intens it ies o f ' the spectr-a are i n a.rbitrary unt t s .
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·TABLE 3 ~Z'

Dah. ~or Raman Vfbr-ai t on~.' :l ~ ne.W1dtlr - ( FWHM) . p. f~r s ~tu~ated l 1 qutd
CH4 an ~ C F4 _ from,~eir 'tr t Pl e _ ~Oi n'~~ to cr1t1cai poi nt s . . "
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Pl ot of r~l1 width at ha~ f maxlll1um (fWHM ) . r , of the Raman Q

branch 'IS u lIl perature frOlll t he tri pl e point to the cr1t1cat .po1nt for

th~ satu rated l ioqut d lIl.ethine .

"
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I
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Plo t ·of full wi dt h at half lIIa:X1mum (FWHri)"; r; of ,t hf! Rama ~ .

Qbran~h vs teflpera t urf! f rOl'l'l t ripl e pofnt to cr tt"1cal .poin t fo r

satur atf!b' liquid ee- een te.trafluoride (CF~) •

. (
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In Flg. 3. 4 . ll newld ths of HZ ' Oz (Cl out,er and Kleft e . l!J77l. CO (Cl out er

~ !!,). CH4 and ,CF4 are plo t t ed against temperature T. From Fig, 3.4 it

can be seen tha t the lIne .width i ncreases from the boJll ng poin t t o th e

t r ip le pain t in case of Oz • CF4, CO and NZ', "The. i ncrementa l change ~ n

ll newidths is mor-e pronounced in case of OZ ' CF4 a,nd CO, while, ther~ is .

no var iati on in H ne widt h of CH4 ~ear the tri pl e poin t to the bail in g pcf nt .

The li ne widths of NZ' OZ' CO and CH4 i ncrease above the boOi ng point

and rea ch a ~llXimum. va lUe at near 'c.ri t i cal point. It ' is 1nterest1ng t o not e '

'. t~a t 1n cas e of CF4 the l1 ~ewldths remafn consta~t from the balling pcfnt to

'the cr ft 1cal point .,

As me'ntioned .in , Chapter i '-Brli ec k- ( 1 ~!7 ) has s !lDwn that'motional

narr.owing contr ib utes ~ignHl c~ntlY to t he polar. 1zed vl b.ratio nal Ramari Hnes '

of, Nz • Oz and CO. But for the reas ons 'des'cr fbed 1n Chapter ~ .. mot 1onal

narro wing does not 'contr-I bute t 6. t he li new1dt hs In the case o~ CH4 • He~ce

this effect 11'111 not be cons,lde ~ed here and It i s assum!d t iuit t he line widt h

t s ma1nl y due t o v1brational "re laxatlq,n . Phase rela xat lon and energy

ielaxatfon are the twomost l ~port,nt ' processes in V,ibratlonal relaxa t ion .

, In t he cas e of CH4• phase rel axa t i o~ 1;; belt eved t o p1ilythe matn ~ole, in t~e

H ne brtladeni ng mechanism> "stnce the 'ener gy gaa. b.~tween tlfe ground state

and the l owest exci ted Yibr~tfana l . sta te i s com.p a~ahl e . to that for N2, .It

15 reminded t hat In case 'Of K2, t he 'r at;10. of vi bra t ional' ,l1fe .ti me to t he .

dephas1ng t !me is 1010 ( Lau ber~au , H 74'j . ' Thi s rati~'Y.~ rles ~~am .lDOle~lll e ­

to molecul e; in case er CZH501l 1~ 15 80, wher-eas a value of. 4 was'est1,mated

for eH3 Ce13 by Laub~reau !1!l. . '( 972) . , Ffsther, and- Lau'bereau:(1975)

have cons t dered ener gy,dfss t pa~IO ? and' pure depiiasl ng 'to lie ' ~ pprOx i ma te l Y

i ndependent processes ; ,'and ·assumed that t he dep~aslnil tfm~ r c ~n ' be

- ;
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Plots of full w1dt h at half maximum (FWHM), r , o f t ile Raman

Q branch V $ temperat ur e fr om t he t,\1ple pot.nt to t he ,cri t i cal poi nt

of ,t tle sat urated liquid s, HZ 'OZ ' C~ . CF4 and C1I4 •

The t~t P'e p~'1nts a nd cr1 ~· t c a.l poin t s fO:,. ~2 ' °2, C:O .~ CF~

andCH4 are, ~s, foll ows :

Sample Triple p~ 1 nt Cri t:1call!ofn t
IK) I"

" 63 . 3 126.25

0, 54:..76 154.57

CO 14.16 132.85

CF4
89.16 227.7

e", . 90.66 190. 56
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repre sented as

(3.1 )

where t 1 is t he energ y re la xation t ime and TZ cor re sponds to pure dephasl ng

by wnic h the eXc1te,d st at e populat'fon of the vf brat i onal mode 15 not ef fect ed ,

In many of t he li quids'" such as N2o" 0Z' CH3CC1 3 , C"3CHZOH (Laubereec , 1975) .

CHC13 an~,, ~DCl 3 (Schroede r!!. !l.: , 1977l',exper i mental data ind lc,ate t hat

TZ :: r , ' There t',ore ft r s "a'l sc as sure d tha t th e l l n ~ wtdth is mafnly 'due to
' .' phas e r~la xation 1n CH4 and CF4,

The j t ne wl dth ' measu~ement.s ar e ~f v i ded tnte two parts : ',

f) "Fronthe trip;e poi nt t o t he ball i ng po~nt and Ii)from.th e ball i ng pof nt '

to t he crftica l ~poi n t. In .t hfs sect i on, t helleasurements of t tne ..1dth

from t he t r ip le po1nt to the bot,li ng ~o i nt . "' ll ~ b e con~f·dered . The regi on '

f~m t he boi l 1ng pot'nt to the cr iti cal po1,~t fo r each Hq ui d CH4 . nd CF4

wfll be dealt with separ ate ly i n la t er seC:~ fons . In the case of CH4, t llere

is no sfgnificant variation fn' j tne wtdth ,f rom the t r tp l e pOtnt to t h'"

bofli ng llot nt , whn e i n case ~f CF4 the 11ne \Ii di h,decrease~ by a fact or of

; Z f~om tl'le trt ~1 : pol~t to'~he ~ofltng point . in t hts regt~n CF4 'bellaves \

stettar to t hat of p~ . no det(lledt~eori .t s ' avafl a bl e fn the literature .

whicb, deals ",tth l i ne wi dt hs at and above the. triple poin t . It " ' ght be

rem~~~e~ t hat' orie~ta~f o'~a l ord~;1 ~'9 '~oul d ~ontri b~'t~ . , 't he \ine ~'d~lI .
Crawford. Dantels and Chtng (1975) have dis cussed RI01ecular ori entati ons

in liqu id CH~. I Tliey ha"ve sugge~ted that~here ,lII ay be a greater lcce'l

or1e.nt~tfonal orde !" fn li quid t hl!nfn sol id CH4 ne~r t~e meltf ng poil;t . The

reason coul d be attr1 bute~ to ,the ' l oweri ~g of t he n ,U1 d' s i nt e rnal ener gy.

re lative to the- solid .

. ,
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3. 1 A!ymmet r y

Figs . 3.5 and 3.6 show the variation. In degree of as;n l1le t ry of

Raman l in e shapes wfth temperatu re : Pr for t o ~his work, no, one has attempted

.. t o detenn in e th e asymmetry i n Raman vi brat ional line s hapes. seceuse o f '~

. experi ment al problems, ::0 at tempt was mad~ t o obta i n a compute r fi t ' of

the l i ne shapes . Hence the degr ee of aSJrnTetry was determined onl y qual1htlvel y .

The asyrmre t ry was calculated as t he ratio of halfwidth at half maxillum on t he

l ower wavelengtli s ide to half 'l(idt h at hal f maximum on the hig her wavelengt h, . .
. sfde• Hence for a synmetr1cal line shape th e ratf o: should be oee. In bcth. . , .

the .1i qui dS, cir4 and Cf4, near th e, tr iple potnt the l in e wtdth f, ~ : a sYmetd c

and 't n OPP\,S i.t~ di.tec~1}:Jn to ~ Illhe r asymmetry near the crfti cal, poi nt. In

. the case of ,CH4 th e li ne shape h :s)mll'l'etd7al from above tile triple point t o

about 20 K below the cdticill point . In th1sregfon', there is no varia t ion

til ll newtdt h• . Withfn 20 K of t he' critical poi nt the lt new,cit h begi ns to

increase at ~he same t ime as)fl1metry also s ~ar:s t o in c rease . .Slm!larly for

Cf 4, we-observe th at t ~e l ~ne shape 15"symmetrical .f roll some"'hat above th e

triple poi nt ~o " ,*U.~i l'l a f~~ d~9rees K f rom the' cr.1 tt ~al point . The

as~metry · is maximum at t he cr,itfclllpoint. From t he llbove,,0~servat10ns ,i t

is obviou$ ·that asymmetry'h.as t o ',.be ta ken into account to
calculate the ' lfne shape or width . So 'far no author has t rl ed explfdtly

to consfdertheeffects which cause t he l in e to be .as.)'llmetrfc. On the

exper1men~al ' st d: it would be ..o~e frU~tflll to dl!termtne the exact H ne, .
shapes for t he ent ire ra nge of temperat ure from the triple pol nt t o tile. ,
criti cal point . 1"
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Fi 9\1f.e J.5

. ' . .' . \ . \.
Plot o f asynne t ry 0.""r S)4I'ullet rf c Ramanvi brational lin e

vs . t.e~peratu re .fo r sat urat ed T1qu1d CH4"
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/. ," F19.u ~e_ 3.6 "
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. ~ot of 1~~e~r1 .0~ .~ 1 S)m~t.r1C .Rama'n'v1 b~~t1'Dna\ ,\1ne ,·H.

telll per~ture for the sat urated lt quld .C.F4•
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3. 2 Frequency ShIft

Fl"Oni .t he Fi gs. 3.7 a~d 3.8, it is /seEm t hat the relathe Raman

frequenc~ shift vari es. l inearl y wit h densfty In' both the liquids ,014 and CF~ •

. " The data fOr ' relatl ~e sht f~s .lIre presented i n Table s 3.A. 1.5 f~~ CH4 and

. CF
4

; To cefcutete _t he relathe fre 'quency' !;h'l ft the p~'ak PoSition of tlie

Raman l ines at t he tr i ple, point ~.as taken t o be zero and all the peak
• ,: - . . ' ' " " ._' _" • " <.'1 . '

frequencles .:'fr:omtriple point onwards were subtr acted 'f roll ft . liquid.. " ' :.' ," .'.- -' ....,. . ""'-. _ . . . ..
density dat~ . ~er.~dete~1,n~:~: usIng the pUb1f~hed P.VT -.~ ~ t ~ for , C_H~ , by

Goo~1 n n~7~)· ..a ~d ~~,r ' ,C F; fr~ ta~l~'S ' by.land,a1t ~~~~st~~~' ;, _,I~ ~ ~.:e. ·
of ' CF

4
~ Iu; ' re l a t1v~_' Ram~~ fre(;ue~cy shi ft 'var ieS:lfne~,~lY appr;o~1 I1 atel ;;

' ..; ,' . .:',, ' ,"-' -,.: '-; :" .- :,: ..-. '" :,;. ':..:. ,:,,-ll,."',. ,-.-'; -.- "
Because ~f , the e~~relllely ~eak '.spe,~tr~m: af :~.F4 : t ~e r,e, ~ :s P ,t.~'~ more u.n-

: cer tai nty f ~, .pe ~ k. ~r~~~e~cY . :me~5~'~~.me~t a~_ : CF4, ·v 1~ra ~1 0~il .- ,11'n~,s than , ~,~~! ,
of -CH4, Th~' dat,a for d'ens ft y of CF4 are ~'1 ~ 0 n~t ~ve r.r. .ac curate ,

t'
)
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. Figure 3. 7

Plo t of rel at i ve Ralllan.frequency sMft (v - "t p) ~s . dens ity (p)

for the Sl turate d l i quid CH4,

..~:'"

, , '

··:':'~et~i~!i;.!:~*&~:f!:'-">~' :' .,:... , :,.:~- ;~:~r;-;_~::- ' ~- "

i,
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Plat of rela the Ra'U.n° fr e quency sll1f t (v - \lt pl vs , de ns1tY
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• TABLE 3:4 \

{st of rete ttve genan frequen cy sh1ft (v .. vt p) and density (0 ) a t \

tem tle ratu~es from t he triple poi nt to th e c ritical point for sa t ura ted

Ji qu1dCH 4•

Temperature

, ' I ' )
Oensity

p( llJna gat)

Relative Frequency

shi f t (v - Vt p)

(GHz )

90.72

93. 05

99. 08
104.9 1

111. 70

123.07

128.28
,» \133:7 1

139. 13 \
144 .2 9 ~

,149. 30

154 .28

159. 36

164 .40

168 .50

') 2,61
177.21

182 . 02
"183. 85

186.16

189. 41

189. 52

189.87 /

190. 03

190.10

190. 26

190. 36

190:46

190 .50

629. 61

625:29

613.92

602 .69

589.19

565.34

553.79

541.22

528.04 "

514.89

501.36

487.08

471. 41

454.46
, 439.29

423.75

\ 400.58

372.6 1

359.5 1

339.72

294. 97
293.03 .

286 . 87

28h30
273.6 2,

256.07

245.10
' 234': 13

229.75

0 , 00

4 .44

9.65

' I f . 67

20 .90

33.77
'38 . 09

~6 . 03

53.33

61 .41

67.B6

79. 76

88.06

96 : l4

106 . 55 ,

112 . 30

122 .01

131.70

140.60

149. 83

172 .26

175.39

18l.02
184.26 ~ .

186.'25
188-~94

196. 28
197."60

198. 93 -.

1
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lis t of r ela tive Ra~all fre~ency shift (v ~ " t p) and dellsity (p) at

tenper atu re f l'"Oll t he tf1'lJ1Nc»n t to t he cr1t i cal point for s aturat e d

ltq ui d CF4·

Temp~ra t llre Dens i ty Relat ive Frequency

p( Alllagat )

shift (" ~ Vt p)
( K) (GHzj

89.18 471 0.'
9a .3 5 475 ' 0.31

98.03 ... 0. 37 '

104.59 4.. 0.41 l
115.5 5 455 ",.- 0 .85

126..88 ... 0 .85

137. 41 4" 1. 35

147.9 4 '" 1. 60

158. 63 412 1.8 9

164.95 4" 1, 94

194. 65 '" 3.&7

201. 21 "8 3 .63

201. 55 ' 12 3 .89

214.31 290 4.4 6 .

218.09 261 5 .33

.\ .,," .-\-.":'
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J -dep~nden,t end t emperatu re dependent cons te nts arid J is giv en rotat lollal st at e .

Only a co uple 0: exper jments have been done to measure th e fr-equency

shift in diffe rent li quids (Cloute r .tl.ll.)·a long t he liquid-vap our cc -

axfst snce H ne . In all t he 1f quids N'2' ')~ , CO , CH4 and CF., ,the Raman s hi fts

,~' 1f ne a rl y with density. In t he gas phase t he t heory i s si mple and

/ s tr a i ghtfo rward , but for l i qUi ds the strong cor re lat ion e ffects should a lso

be Incorporated .

\ 3, 1. The Vibr ational Raman Spect ra of Liqui d Me t~ane from Bol ling Poin t to

Criti cal Poi nt

The vlbra ti onal ' dephas l ng has been th eore ti call y s tudi ed l n de ta il

by Hll ls~den (197 , 79). They nave de~c ri~~i a lI'Iodel to explain the

experimenta l r esul t s obta ned by t toute- 'and- Ki efte ' 1911) for te mperatu r e •

dapendenca of "2 and 02 ro,'" t he boi li ng pcfn t to t he cr iti cal pol nt: To

expla i n t he re sults obta ned fOrOCH., and CF4 t he theo ry developed by t he se

aut oor s for N2 and O · 111 be' used 1n t h,fs thesis .

. When a beam of monoch~omat l c li ght U pass ed through a dense t r-ens-

\ pare'1t fl uis' some o f the· 1 ~ ght is scattered. Sinee'.the density 1s not

unifom , t he density fl uct uat i ons in a fluid are t ime depe ndent . Tills means

t hat t he frequency of light sca t t ered by density flu ctu at i ons in a dense

fl ui d exhi bits a s pect rum character~st ; c ~f th e t ime dependeni:.~ of t he.

dens i ty flu ctuations . The dens i ty flu ctuati ons can be des cr ibe d by, t he

' dynami c stru c ture fa ctor S(Q, I'll. A mol ecul e re la xes by i nter acting wi t h

th e density f lu ct uati ons in fhe f.l u1d sur r oundin g ft . tt1J 1S and Madden (1979)
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have s hown tha t t he l ocal dynamic st~c ture fact or of the fl ui d gover ns t he

rat e of vio ra t \onal dephas i ng. Furt her , th ey have poi nted out t hat th e

fir st peal:. in the s tructu r e factor S(Q) ccnt rt bctes si gnl fic antly to

v.i brat i ona~ depllasi ng, well awa y fr omt he crit'ica l poi nt, while th,!! densi ty

fl uct uati ons with small wa ve vect or and freque ncy do not eake any appreciab l e

cont r i buti on t o t he vibr at ional r elaxati on . Ibwever, near t he cr i t ic al

poi nt t he, is ot hermal ,compr~s s l.b11 1 ty becomes very lar ge (1 n ff~ te it cri ti cal

point ) and it ej t c...s . ~he, de~si .~y fluctu ~tions to grow t o lar ge ampl H ude

(Fisher , 1964 ) . Thfs causes Increas es in t he ra te of vfbration1Jl r elll xatl on

rat e . Ilence the re fs an i ncrease i n l1 ~e width.

HIl1s/ end Madden (i979) 'shClwed>t hat t he vibratfonalRaman full wi dth

at hal f , ~ ld 9 ht r can be expressed 'as :

'~' . r· 2~e lim 1: BL ["'dOQ2 5(O, lll) VL
2

(Q}
, lJ'-+ o L ,0,

and ' ,VL( Q) - ! ""dr l JL(Qr ) f\ (r )
, ' . b

(3,3)

(3.3a )

. ,
wller e P

e
1s the equi li bri um fl uid density , '\ contalns molecular cens tants ,

L is the rank , whi ch deci des how th e probe-molec ul e-fl ui d Int er actl on tra n~

forlllS under rcitation . e. a. ls otl"opi c disp ers1on f orces would correspo nd to

an L value of zero , -b" i s 'effecthe radi us of ,mole cul e and jL(Qr l is the

modffied Bessel -funct i on. The .i n tenno ' etul ar ~otentia'l VL(Q) Aet ermf nes

whic h 0 Fouri er component s of the densi ty fluctuat i ons are mos t effective

in causlng t he relaxati on. The dynamfca{ stru ctur-e factor S(Q'-:w) ,

(Stanl ey, 1971) is gi ven, in t he simpl es t approximat ion , b,.Y r.
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where

(3.4)

Kl$ the inversecor re1at io n length (nrens tetn-Ze rntc ke]

and ~ = ....1....- ,w her e ;\. is t hermal \ conduct 1vlty and Dr (3. 6 )
Peep . r. .

1$ th.thennal di ff us1v1t y . Hil ls and Madden (1979) obtained the foll owin g

expression for the c ri ti cal cont ri but ion to th e 11M wi dt h

In t he fas t motion 1illlft ( 1II '" 0) and 1II ~- 1 « 1

• Th~Y obtain ed

' T ,r • A \ITT if" (3 .9 )
,}

Substi t ut i ng ( S t~nl ey . 1971)*.. t £-v, K • KaC
v

.8nd Dr " Doc
y
-
a

IT- Tel' 0 \
where t ..~T,~ and v , vand 'a' are critic al expenents . One Obta: I~S the

.fi1.ponent fo r eq. (3 .9) to beO{-2y + v + a) . However"this conditi on is !'lot

applicable in 'cas eof C~4 si nce 1II f l ' i s grea ter than onk (see tab le 3.6) .

In the li mi t 1.n &'< . 2.5 , 1II f 1,» 1 and maki ng .w (w -: f) a. small pos t@ve

censten t £ , (>0) t he aquat ion (3 .9) has exponent equal to (- t .y + 2v + t).
, t, , "'-, ' ,
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The above relatio n was c bt etn ed assumlngthl" t tne s hape to be tcr ent eta n.

The condl tl onsfor r elaxatl onphenomena andl in e shape prob1erns have been

discuss ed by xubc (1951). A bri ef account 'of t he '111'11" 's ~a pe problem

has al r eady been g i ven i n ~a pter r .

At t his poin t, a few li nes ab~ut cr it ica l exponents would not be.

out of place . The hypoth esi s of unive rsal ity of critical phenomena states that

for syst ems exhi biting cri tic al poi nt, phase transitions can bl!! grouped in t o

univer sality classes . These syste ms are expected to have the samecriti ca l

~xp~en ts . IThese expcment s have been calcul ated"theo r etlc ally by many

' t echni ques . The vari ous 'c altulatl ons 'y i eld ·n umeri cally simi lar res ults .

.\
I
I
I
I

mos t rece nt measurements have been made by Chang tl.tL (1979) for a binary

liqu id mixture ( 3-me'thylpen tan e ~n i troethane ). They have reporte d the

foll owing vallies: ' } .

y" 1.:m .!. .D16

u - O.625-.!. .006

The:val ue for the crltlcal _i!ixpo~ent 'a' , for'COz , '~as been'detenni ned only

by Swfnney ilOd ClIlIII i f'15 (l 968). t rey .have found the val ue of ' 'a ' t o be

0.53. However, for ,methane tile value for t he critical exponent y has been
\

obta i ned by Jansoone llJ.L (1970) . They have repor t ed t t to be 1.Z87.

Kence to calcu late t he num~r1cal val ue. of the expone": ~ - f t + Z\I '+ rl,
the ~fol1 ow l ng val ues -of Y. u and a were used

y ~ 1.2 87

u " 0.625

~ .. 0.53
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This ccees out to be ·0 , 41 for ner bane . lIill s and Madden (1979) used t he

va l ues'( " l. l 5 , v.. j-a~d a " O,5l ; this giv es ( - }"yt 2" -I-!) .. -0.26 .'

These authors ,t her efore , a rgued that t he theoretl ca'[-velue of -n.za ~greed

very well ....ith the e~perim enta l val ue of - 0. 3 for Nz and °
2

, In their

ded uction for r the y di d not, however , in clude t~e contribu tion of mot io nal

narro~ l n9 (Brueck, 1977). Even without cons i derin g t he ef fec t of motio nal

nar-r ....:dng and usihg th~ ~ iJl\Ple c la ssi cal expres sion f or S(Q, 11,I) , they w.
able to show, good agreea'lent bet ween the ory and experiment . The agreellent

obtained may t herefore be a for t ,!i tous consequence. o f having apP1i~d a si mple

c1a ss, cal approximation for S(Q. 11,I) whil e negl ect i ng t he effect of ~otlonal

~a:rrowi ng , This poin t of v l~ is furt her support ed by the a rgUJllents.jl~i ch

follow.

In "t he Table 3 ,6 , nUlller ical values for (&1 '$.1have bee~' given . It
/' , . "\ -1 , "
is seen tha t for methane w ill 15 al ....ay.5 grea ter t han one, while i n case of

N
Z

and 0Z' ,Ill~- l has both values i .e . <1 and >1 (Hills and Madden 1979)•

• Ther(!fore it is assumed th at one would get exper 1nmtal v'alues for '

t he cri ti cal) exponent t- ¥t ZIJ ttl cl ose to '_0, 41 formethane. But from

th e fig . 3.9 (plot of t n r vs 11'1 c.) , "it,is see n tha t in ca,se ,of CH4 the va lue

of sl ope 15 only - 0,09, Thus one fin ds t hat the exe - essj e n (Ier i ved by Hills

and Madden (1919 ) can not be ~ pplled fo'r methane .

One needs to cons ide r the dynamica l .str~ctu~e factor S{Q. w) 1n

more deta 'i l (Krynlckf tl ll. ' 1977). In the equat1o n .(J .5 ) fA " DTQl , but

when Q » IC the bastc '-ass umpt i on ~nderly1ng the bydrody l'ltmtc t~eory (that

,
I

"

Q « K) 15 no l onger va l1d . There~ore fn the regio n Q » ;'" the ex~ressfon
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Figure 3.9
/ .

Plot ·.of loga riU'rn ' (~;e ~)of ·P;,H~ (tnr)~"the : vib:'-at.1 o n al<
Ra. an sPKtr~' of. 1i quid' ·CH~·aga l ns-~ t;~" :- ' ~ ~a~1 ·t~ . of the. 'redd~e~ "
~etIp ertture . (1.N: ) ( c" ~ [IT . 1 lIT i:
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fo r fA given by Kawasa ki' (1970) should be us.ed t.e .

,,,
13 . 91

Sw1nney and Cunn1ns (196!1) have a'tsc found that near t he cr i ti cal

point fA " DTQ2 is no lon~er va~1 d and t hey used th e exp.ress 1on

13.10)

t o fi nd out t he value of crltlc~l exponent 'a' .

If we retain the f frs t ten!! fn the expre ss ion (3 .9 ) , then use (3.4)

in .(3. 3) , maktng lll a small pos1..tlve constant &'and using t he condition

w , -1 » 1 • we get(Kryn 1cki !!.!l.. 1977)

(3 .11)

(3 .12 )

(3.1 3) "f<c e,:,o.O!l

1
The ca'lcul at ed value of ·~O . 08 agre es :very wel l with t he .experllllent~l

s lo pe of (Fig . 3.9 ) of -0 .1i9. ·

On sUbst f.t ut1ng the hlues 'fo r y, v and e , oneobta~s

f

. 'r
Usi ng the ~e 1ll. ti on for l."I'fT:'" ' K aM 0T' it is found t hat

~ 0 \ ' . .
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(t og
e

r vs- toge £) has a val ue cl ose to zero. At · thes e ~temperatures I th e

cr-t ttce l fl uctuati ons would be very s l ow 50 th at thelr dynami cal behaviour

can be neglected. That 1s,$-ean be t aken to, be zer o for very smal l £

(se e ta bl e3.5) . p..s pointedol.lt by Hills and Madden (l979) thissituatlon

cor responds to the ' ri g t d -1a t.t l c~1 lim i t. (This Wi ll , be disc ussed l n deta il l n

t he next sect ion). t n th is llmit "'TC » 1 Ind t he s lope has a, zero value .

Hence i t is seen, t hat t he observed line width for methane can al so be ex-

I.Pl a l Qed t heore t ic all y.

3. 4 The Vibr atfonalRaman spectra"of LIqui d Carbon Tet rafl uori de' 'f rom

t heBo l11ngPo i nt to t he Crit1cal Poin t .

The "\11 symmetric vibr'ational mode of CF. is ' found to be relatively

i nsensi t ive l n the reglon from the boillng poi nt to the cr-tt tc el point .

Tills may be an indic at ion that the cont ri but i on from vi brat i onal dephasl

l~VerY snat l , F~ Ft,g. 3.4 it Is seen t hat Cf4' behav

all o~he"l1qUldS CO, H2 , 02 and 'C~4 in t he regl on const ered in ~1s

sect ion.

It is ass~d th at the line ' shape is ',\ orent z1an. It is unfortubd,te

t hat no one has attempted to' calcu late or eete retne experimentally t he

correlat ion time Te 'for l1 qu1d CF4, the refore ,it can, not be said with

certainty tha,t the Hne s hape Is Lorent ztan . But sf nce the l1 new1 dth could. . .
be-expl ai ned on the basi s of t lte theory proposed by Hills 'and Madden (1919),

1t fs not unreasonable to assume the ' line shape to be Lorent zla n. The

equation (3.9 ) was obt~1ned under the . condi t l on tIl « ~ and w ... e , In ,case

of CF4 (tab le .3.7).w ,.1 _ 1, ln the temp~ra ture ' ran~e fom 147 K ~o, 187 1(..
, ' ' . ' " ' \

..l
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TABLE 3.7

Est illdtt on or III f ' fo r
!

sa tu ra t ed l1 qui d CF.

T6Ifere ture Half Widt h (Tc· T)/ Tc •
(K) w (GHz) , (-1 00 th GItz . 111 Q~l

' 47. 94 ' 4. 3 3. 50E-01 1 . 22E 01 3 . 5~ ~

158.63 4.2 3.03 £- 01 9.16£ 00 4 .!,i7E-Ql

164:95 4.3 2:~ 75£-01 1.5 6£ 00 5.67£-01

170.31 4.3 2. 5 1 E~Ol . 6 .32 ~ . 00 6.78£ -01

180.10" , 4.a 2. 08E-OJ - 4 .34E 00 9 .33[-0 1

187. 05 4.1 1. 78[ -01 3.16[ 00 1.3 0E 00

194.65 ,4. 3 1 .44 £- 01 ,2.08£ 00' 2.06 £ 00

201 .21 4.2 1 .16[ -01 1 .3 3£, 00 3.16£ 00

207. 55 4. 1 8.77 £-02 7. 68E-01 5, 39[00

214.37 4.3 5 .7 7£-02 3.33£-01 1 .2 9£01

218.09 s.o 4. 1JE-DZ 1. 11E-Ol 2.37£01

219. 93 3. ' 3. 32£-02 1. 10E-Ol . J ..54E 01

221.87 3.' 2 . 47[ ·02 6 .10£-02 6.40 £ 01

224.01. 4.a 1 . 53[-02 2. 34£- 02 1. 13£ 02

226.21 4.a 5 .63£- 03 3 .17 E-03 t .2SE OJ

226. 52 4.3 4 .26.~~O3 1 .82E-OJ 2 .3?~ 03

227 .11 4.a 1.41E-0 3 1. 98£- 04 2. 05£ 04

227.40 s.o 3 .96£- 04 1.57E-05 2. 59E 05

Ir



- 65 -

t,i

\.

/ '

Plo t of 10gartt hn (base e ) of .fWHM (lnr) of the vlbrdtonal

Raman spectrum of li quid CF4 agatns t t he l og~.r1 t hln of t he reduced '

temperature , (1n£) . £ • fiT. Tel/Tel .
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hence Eq, (3.9) can not be used. Hills and Madde n (1979) eave predtc t ed

t hat in tile regi on, w w-1 _ 1. tile curve {.tnr vs' In£)'s llould have a smooth

$ turn . From' Ffg. 3. 10 we f t nd that tn tills region (see Tabl e 3.7) t he cu rve

does have a smooth tu rn . The condition w « .. and til ... a arises !:f!low the

boili ng poi nt . Th15 ..egion 15 very hI' away from tile critical poi nt,

hence t ile criti cal exponent equat ion can not be supposed to be valid .

In t he re gton loge e '< -2 . 5-, es wes s hown irI ,the case of met hane,

the wasald (1970) cptrection Is appli cabl e and t he cr ttlcal expcnent," as

obta t ed 1A 1a~t ·sec~fon , 15' (- ty + tv,," a/3 ). NoeXP,erimental '

values are ava ila~,e,.for ~ny of th'ese crf~ica l expone~t,s' for C114• the r-e­

for e the value s obtai ned by Changtl.ll. (979)for y and \I are supposed to

be appl1c able in t he case of CF4 t,e , y '" 1.23.5 . 'J .. 0 .625 and a s .0.53

(S\II inney &1Cummi ns . 1968). On usi ng t hese values one, obt ai ns'

-t y + t v+!. 0.011 ~ O. FromFtg 3.1 0, one ffnds th at "in t he reg ion

/ l oge £ < -2 .5, t he s lo pe of the H ne is zero . The reason for, th e i ncrease

in li ne wtdt h, i n the case of02, tt2 and CH4, is tile increase i n tfJe

amplitude and co....elation l ength ~f th e lo ng wave l ength 'densi t y f l uctua tions

as tile crttt: C1 1, patnt is apprcached , ' Howeve", i n case of CF4 t he cont ribu tl~~

of l ong r ange 01'<short range hYd..opynami c fl uctu at i ons havi'ng wave vecto rs'

Q -c " or ) " appear to be abse'~ t . The reaso,n for\ CF4 behavlng'dlfferently from

CH
4

:could be a ttr~buted'\o the C- F s tr~tcM~!l mode. ' (The 1nt ensf ty of '

Raman ~ca ttere d light . apart f..omot her fa ct ors , also depends upon amplitude .

The Raman i ntens1ty of t he 'J1 mode Of CF4 is much smitll er than t hat of the 'Jl

'!lodeof Cil4. The' alllplitude of the. C-F mode in CF4 i s slI'aller by a fac t or of ,

6 tha n t :at of the ;~H ~od.e fn CH4.,l .r.he ,i nfl uence of anh'rt1lO,ni ci tie;«,f or v1~ra t,i on

1
I
I



involv ing H a t oms is l arge . I f the ampl1tude is srael l er and anharmoni citfes

are also small . t he motion will remain s imple harmonic for a

longer t ime (Herzberg . 1968) . Because of th.e smaller ampli t ude i n t he EeF

~o'de of v tbr-at f on the effect of an~~rmoni cities would be smal l,

Oxtoby (1979) has s hown, t hat fo r s imple han:wni c motion t he dephas1ng time

is ve ry h1gh ( Le , the lf newo uldbena rrow). If anhannoni,ci tf .es ar e

t aken in to account t he dephasi ng ti me 15 considerably r educed. a th .e

vib ra t ion of·the C-H mode is much more anha'"!"onlt t han , the C- F ecce

I

'As t he " ltl ,,1 po l~t1s appr uached , tha R,m.' vtb ratf ona'l f tn e

wid t h becomes ' asymmetric.' Hills and Madden (1979) have pointed out "t hat

close tin the crit ical poin t, t he fast mot i'on condi ti on is 'no ' longer

apP1fcab1e~ itreachesthestatfstlcalor 'r1 g i ~-lattf ce l1 m1t.

(flTC » 1). (Kubo 1962) . They obta ined an express;lon for th e hal f wfdt h

at half hei ght t. as :

then tt -cen be said t hat dephasi ng wou'ld be

C-F mode .

see j t tn cese br me

\

Ir

~, . "

)

t.2 " (2·i r' PeEL Bl"t dQ Q2 S(Q) ~Q
o , (

. where Blis the pro por tionali ty .constant. Usin g t he Ornstef n-Zem1cke

express io n for S(Q) : '

(' .1,' )

(' .15)

(' .16)
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wMre J 15 11 proporti onality cons tan t. I t t s see n that near the critical

point ,!J 15.pro port ion al to ({KT/{~Tlo) 1(2J'2. Thls has a cr itic al exponent

of (-y + 2v·). Usi ng t he valu es for y and v obt~ 1 n e1l by Chang .tl!l. . (1979 )

one f in ds t hat it has a valu e of z'era . Hence theoreti call y I t Is seen that

near th e cri t ical poi nt t he sl ope of t he CUl"V l! (1nI' vs .loc ) s hould be zero.

Experi llentall y , one fi nds t hat the sl ope is zero . Thus we see that the

observed conshncy i n line width is expla ined. It /IIay be remarked that the

equation (3. 16) holds when Q < K; even then .it explal~S the phenomena . For

more r~ gll ro~s C~' Culatl ons t~e Kawasaki (1970) expre~st on for S{Q) .should
, . ~ . ,

f'
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